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Change detection and monitoring of active Martian surface phenomena with the Colour and Stereo Surface Imaging System (CaSSIS) onboard the ExoMars Trace Gas Orbiter (TGO)
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 The CaSSIS instrument onboard the ExoMars TGO provides a unique ability to track and monitor areally large changes in colour.  Quantitative visual comparison methods may not always be useful for CaSSIS-based change detection.  Two supplementary methods are proposed to help reliable identifications of colour changes with CaSSIS.

Introduction

The surface of Mars is geomorphologically active and is host to a variety of past and present active processes that continue to shape and modify the planet [START_REF] Greeley | Introduction to planetary geomorphology[END_REF][START_REF] Dundas | Active Mars: A Dynamic World[END_REF][START_REF] Diniega | Modern Mars' geomorphological activity, driven by wind, frost, and gravity[END_REF]. Numerous studies have documented these geomorphological changes with high-resolution images, and present-day activity has been attributed to three major drivers -wind, seasonal ice/frost, and gravity (e.g., [START_REF] Diniega | Seasonality of present-day Martian dune-gully activity[END_REF]2017;2021;[START_REF] Bridges | Bedform migration on Mars: Current results and future plans[END_REF][START_REF] Pasquon | Present-day formation and seasonal evolution of linear dune gullies on Mars[END_REF][START_REF] Stillman | Evaluation of wet and dry recurring slope lineae (RSL) formation mechanisms based on quantitative mapping of RSL in Garni Crater, Valles Marineris[END_REF].

Accordingly, most active processes may be broadly classified into (i) aeolian changes (ii) ice/frost-related surface activity and (iii) mass wasting. Each of these agents of change leave imprints on the surface, which serve as windows to better understand these processes in greater detail. The timing, morphology, subsequent evolution and extent of surface modification caused by these agents, all provide key information on the agent at work. The resulting surface features may display distinctive morphologic or sometimes spectral changes between time periods, which may provide some key insights into present day climate scenarios on Mars ( [START_REF] Greeley | Wind as a Geological Process: On Earth, Mars, Venus and Titan[END_REF]. Thus, accurate identification, verification, documentation and monitoring of these changes over time may help provide an overview of the evolution of the Martian climate and landscape throughout the Amazonian period.

Images from a variety of missions orbiting Mars have been key to track and characterize surface activity at meter to decimeter scales. While early instruments like the Mars Orbiter Camera (MOC) [START_REF] Malin | Mars Observer camera[END_REF] onboard the Mars Global Surveyor (MGS) played a significant role in initially identifying potential surface activity on Mars at regions other than the poles (e.g., [START_REF] Malin | Present-Day Impact Cratering Rate and Contemporary Gully Activity on Mars[END_REF], most modern-day changes have been tracked using temporal acquisition of images from the High Resolution Imaging Science Experiment (HiRISE) camera [START_REF] Mcewen | Mars Reconnaissance Orbiter's High Resolution Imaging Science Experiment (HiRISE)[END_REF] (~25-50 cm/pixel) and the Context Camera (CTX) [START_REF] Malin | Context Camera Investigation on board the Mars Reconnaissance Orbiter[END_REF] (~5-6 m/pixel), both onboard the Mars Reconnaissance Orbiter (MRO).

The MRO operates in a sun-synchronous orbit, which means that multiple images over the same area are usually acquired at similar local times of day. At present, these images are acquired near 15:30 local time [START_REF] Zurek | An overview of the Mars Reconnaissance Orbiter (MRO) science mission[END_REF][START_REF] Millot | Local topography effects on the surface temperatures on Mars -Application to the case of Recurring Slope Lineae (RSL)[END_REF]. Additionally, the acquisition of repeat HiRISE targets with an exact match of illumination and viewing geometry (referred to as HiKERs) (Dundas et al. 2022) facilitates more confident qualitative assessment of visual changes minimizing biases due to variable lighting conditions and due to variable distortions caused by viewing geometry. This makes qualitative methods like visual comparisons of successive time-series images more effective, and consequently serves as the major technique for detecting and analyzing present-day activity. This approach allows the detection of changes through variations in surface brightness (e.g., [START_REF] Daubar | The current martian cratering rate[END_REF][START_REF] Daubar | Changes in blast zone albedo patterns around new martian impact craters[END_REF][START_REF] Mcewen | Mars: Abundant Recurring Slope Lineae (RSL) Following the Planet-Encircling Dust Event (PEDE) of 2018[END_REF] and/or distinct alterations in surface morphology such as translational movement of features (e.g., Fenton, 2006;[START_REF] Choi | Measurements of Martian dust devil winds with HiRISE: MEASUREMENTS OF MARTIAN DUST DEVIL WINDS[END_REF][START_REF] Silvestro | Ripple migration and dune activity on Mars: Evidence for dynamic wind processes: RIPPLE AND DUNE ACTIVITY ON MARS[END_REF][START_REF] Silvestro | Active aeolian processes on Mars: A regional study in Arabia and Meridiani Terrae: ACTIVE AEOLIAN PROCESSES ON MARS[END_REF]Chojnacki et al., 2011;[START_REF] Bridges | Earth-like sand fluxes on Mars[END_REF], mass wasting (e.g., [START_REF] Russell | Seasonally active frost-dust avalanches on a north polar scarp of Mars captured by HiRISE[END_REF][START_REF] Crosta | Introducing a New Inventory of Large Martian Landslides[END_REF][START_REF] Fanara | Present-day erosion rate of north polar scarps on Mars due to active mass wasting[END_REF] and formation of new deposits (e.g., [START_REF] Pelletier | Recent bright gully deposits on Mars: Wet or dry flow?[END_REF][START_REF] Dundas | New and recent gully activity on Mars as seen by HiRISE: RECENT GULLY ACTIVITY ON MARS[END_REF][START_REF] Pasquon | Present-day formation and seasonal evolution of linear dune gullies on Mars[END_REF][START_REF] Raack | Present-day gully activity in Sisyphi Cavi, Mars -Flow-like features and block movements[END_REF].

While CTX is a monochromatic imager [START_REF] Malin | Context Camera Investigation on board the Mars Reconnaissance Orbiter[END_REF], HiRISE provides spatially and spectrally limited colour information (three colours for ~20% of the full HiRISE image width) as a strip along the image centre [START_REF] Mcewen | Mars Reconnaissance Orbiter's High Resolution Imaging Science Experiment (HiRISE)[END_REF][START_REF] Delamere | Colour imaging of Mars by the High Resolution Imaging Science Experiment (HiRISE)[END_REF]. This allows the derivation of colour information associated with the surface changes, albeit only when the colour strip directly overlies the feature of interest, thereby significantly reducing the probability of observing and characterising most areally extensive colour-associated surface changes.

Since 2018, the Colour and Stereo Surface Imaging System (CaSSIS) on-board the ExoMars Trace Gas Orbiter (TGO) [START_REF] Thomas | The Colour and Stereo Surface Imaging System (CaSSIS) for the ExoMars Trace Gas Orbiter[END_REF] has been acquiring more extensive colour coverage taken at a spatial scale of ~4-5 m/pixel and with an image width typically > 6 km. CaSSIS produces well-calibrated 4-band visible/near-infrared multispectral images of Mars [START_REF] Thomas | Absolute calibration of the Colour and Stereo Surface Imaging System (CaSSIS)[END_REF] over larger swaths than HiRISE, thus enabling radiometrically calibrated colour/spectral observations of the surface. Any change monitoring campaign requires repeat observations of a site over multiple Martian seasons and years. Tools to enable a systematic set of repeat images to be taken with HiRISE were developed slightly later in the mission through the concept of HiKERs (Dundas et al., 2022), and these have aided our understanding present-day activity on the surface. Alternatively, to enable longerbaseline CaSSIS-centric change monitoring campaigns, it has been demonstrated that coordinated sets of previous MRO observations from HiRISE/CTX combined with the Compact Reconnaissance Imaging Spectrometer for Mars (CRISM) [START_REF] Murchie | Compact Reconnaissance Imaging Spectrometer for Mars (CRISM) on Mars Reconnaissance Orbiter (MRO)[END_REF], with favorable illumination geometries and low atmospheric opacities from common scatterers, can be used to generate simulated CaSSIS products [START_REF] Tornabene | Image Simulation and Assessment of the Colour and Spatial Capabilities of the Colour and Stereo Surface Imaging System (CaSSIS) on the ExoMars Trace Gas Orbiter[END_REF]) from 2006, well before the first CaSSIS image was even taken. These can serve as baseline images needed for the change detection process, and every successive new image acquired by CaSSIS can be used directly for identification of any new activity (e.g., [START_REF] Rangarajan | Change detection analyses using simulated and actual ExoMars TGO-CaSSIS images: A case study based on past and present Gasa Crater gully activity[END_REF]. CRISM experienced stickiness in gimbal motion in late 2010, causing a considerable reduction in scan range [START_REF] Murchie | CRISM on MRO-Instrument and investigation overview[END_REF][START_REF] Ceamanos | Surface reflectance of Mars observed by CRISM/MRO: 1. Multi-angle Approach for Retrieval of Surface Reflectance from CRISM observations (MARS-ReCO): MARS REFLECTANCE SEEN BY CRISM/MRO, 1[END_REF]. So, while CRISM targeted observations post 2010 can still be used to generate fully simulated CaSSIS products, they would be very limited in spatial coverage. Nevertheless, these CaSSIS simulated products permit change detection studies over longer timescales than using CaSSIS alone by comparing the simulated products with actual CaSSIS images, instead of having to wait to collect enough actual CaSSIS images to build a time series over multiple Martian years.

TGO operates in a non-sun-synchronous orbit, that puts CaSSIS among the few currently orbiting instruments to image Mars at multiple times of day. Such acquisitions potentially permit us to monitor and even track diurnal processes in colour (e.g., [START_REF] Munaretto | Implications for the origin and evolution of Martian Recurring Slope Lineae at Hale crater from CaSSIS observations[END_REF]2022). However, this also means that successive CaSSIS images of a site are usually not acquired with similar lighting conditions (e.g., [START_REF] Pajola | Geology, in-situ resource-identification and engineering analysis of the Vernal crater area (Arabia Terra): A suitable Mars human landing site candidate[END_REF]. This indicates that the qualitative methods of change detection most commonly utilised by HiRISE or CTX, may not be suitable for CaSSIS-based approaches, as variable image acquisition parameters, resulting from a combination of different atmospheric and geometric conditions, between successive time-series CaSSIS images could significantly impact image interpretation. As such, a layout of optimal methods to pursue change detection from CaSSIS observations becomes necessary.

Our work, therefore, attempts to consolidate and provide procedures for current and future CaSSIS-based monitoring campaigns for a variety of active processes observed on the Martian surface. Section 2 provides an overview of the various datasets and description of the methods used in this work. This section also presents a set of additional semiquantitative colour-based techniques that can be used in concert with existing visual comparison methods, to aid reliable identifications of new changes between images, particularly those with associated colour. Section 3 discusses the context, application and performance of these methods for a variety of active processes on a case-by-case basis. This section also presents situations where these two methods cannot be employed, particularly in case of pure physical changes, and also describes alternative methods one could employ to derive quantitative estimates of change in such cases. Finally, Section 4 provides a summary of the advantages of CaSSIS-based methods for change monitoring of the aforementioned variety of surface phenomena, and also provides an overview of the advantages and challenges of both HiRISE and CaSSIS-based change monitoring campaigns.

Data and Methods:

Simulated CaSSIS products were generated from coordinated S-detector CRISM and CTX image pairs, following the procedures described in Tornabene et al. ( 2018). The choice of using coordinated images (i.e. those taken on the same orbit) is to ensure that the two products share the same atmospheric state and observation geometry. CRISM targeted data products in calibrated reflectance factor value space (usually referred to as "I over F" and abbreviated henceforth as I/F) ( [START_REF] Danielson | Radiometric performance of the Voyager cameras[END_REF] are first transformed back to equivalent spectral radiance, and interpolated/extrapolated as required to cover the full wavelength range of CaSSIS. The radiance spectra are also oversampled to match those of the CaSSIS instrument response functions, using which the spectra are later convolved to CaSSIS wavelengths. These results are then transformed back into I/F space, where Empirical Geometric Normalization (EGN) corrections [START_REF] Seelos | CRISM data processing and analysis products update: Calibration, correction[END_REF] are performed on the dataset to produce a CRISM-CaSSIS-Compatible-Corrected (CCCC) product. This step is done to account for effects arising due to the CRISM continuous gimbal motion, that is not consistent with the push-frame mode of acquisition employed by CaSSIS [START_REF] Tornabene | Image Simulation and Assessment of the Colour and Spatial Capabilities of the Colour and Stereo Surface Imaging System (CaSSIS) on the ExoMars Trace Gas Orbiter[END_REF]. Once CCCC products are generated, they are co-registered to the coordinated CTX observation with the help of tie-points, followed by a Gram-Schmidt spectral pan sharpening technique [START_REF] Laben | Behavior of Carbon Dioxide and Other Volatiles on Mars: A thermal model of the Martian surface suggests that Mars's polar caps are solid carbon dioxide[END_REF] to generate a fully simulated CaSSIS product.

Values of visible atmospheric dust opacities (τvis) at the acquisition times of each of the images were retrieved from the Mars Climate Database (MCD) [START_REF] Forget | Improved general circulation models of the Martian atmosphere from the surface to above 80 km[END_REF][START_REF] Madeleine | The influence of radiatively active water ice clouds on the Martian climate: RADIATIVE EFFECT OF MARTIAN CLOUDS[END_REF][START_REF] Millour | The Mars Climate Database (version 5.3)[END_REF] and assessed to verify that none of the selected images suffer from high dust optical depths (> 1.0). This is to ensure that the image is fairly clear and possesses sufficient signal-to-noise to facilitate spectral retrievals from the surface. It may be noted that while MCD dust opacities are coarse resolution estimates, they provide reliable and representative estimates of dust scenarios up to MY33, by integrating instrument-derived measurements from the Thermal Emission Spectrometer (TES), Thermal Emission Imaging Spectrometer (THEMIS), Mars Climate Sounder (MCS) and the Mars Exploration Rovers (MERs) with numerical model-based estimates. For MY34 and beyond, average climatology scenarios from numerical simulations of the Global Circulation Model (GCM) are used to provide estimates of the Martian atmospheric state [START_REF] Madeleine | The influence of radiatively active water ice clouds on the Martian climate: RADIATIVE EFFECT OF MARTIAN CLOUDS[END_REF].

That being said, it should be noted that in this work, dust opacity values are used only as a means to warn against using a poor quality CaSSIS image for multispectral analysis, and that absolute values of optical depth are not used in any calculations.

Images in the visible/near-infrared (VNIR) portion of the electromagnetic spectrum are impacted by scattering through the dust-dominated Martian atmosphere [START_REF] Wolff | Radiative Process: Techniques and Applications[END_REF][START_REF] Fernando | Mars Atmospheric Dust Contamination of Surface Albedo and Colour Measurements[END_REF]. Therefore, scattering contributions to image I/F values, and by extension orbital spectra, need to be minimized to retain sufficient spectral contrast from the surface [START_REF] Tornabene | Potential Detection of Exposed Martian Water-Ice with Multispectral Images from the ExoMars Colour and Stereo Surface Imaging System[END_REF]). An empirical Dark-object Subtraction (DS) correction, commonly used in terrestrial remote sensing studies [START_REF] Chavez | An improved dark-object subtraction technique for atmospheric scattering correction of multispectral data[END_REF][START_REF] Chavez | Image-based Atmospheric Corrections -Revisited and Improved[END_REF], has been shown to help isolate surface spectral characteristics from atmospheric effects [START_REF] Tornabene | Image Simulation and Assessment of the Colour and Spatial Capabilities of the Colour and Stereo Surface Imaging System (CaSSIS) on the ExoMars Trace Gas Orbiter[END_REF]2021;[START_REF] Rangarajan | Change detection analyses using simulated and actual ExoMars TGO-CaSSIS images: A case study based on past and present Gasa Crater gully activity[END_REF][START_REF] Rangarajan | Semi-Quantitative Identification of Colour Associated Gully Changes through CaSSIS Band Ratios and Spectral Analysis Techniques[END_REF]. This approach has often been used in Martian photometry studies [START_REF] Daubar | Changes in blast zone albedo patterns around new martian impact craters[END_REF][START_REF] Schaefer | A case study of recurring slope lineae (RSL) at Tivat crater: Implications for RSL origins[END_REF][START_REF] Munaretto | Implications for the origin and evolution of Martian Recurring Slope Lineae at Hale crater from CaSSIS observations[END_REF]2021;2022). This scene-dependent correction is applied after generation of the simulated products and is also assessed for its effectiveness before the VNIR spectral cubes are used for any quantitative spectral analysis. This is done by verifying that the pixel values subtracted from each band originate from dark shadowed locations and possess a spectral signature consistent with that of dust, the most dominant scatterer in the Martian atmosphere. This assessment is required and is a critical step, as this technique may cause overcorrection. The extent of overcorrection has been found to be variable, and particularly greater in cases where the DS-correction is based on band-minima originating from pixels that are not in deep shadow, and/or are in shadow but with major contributions from bright reflectors originating from nearby surfaces (e.g., a bright, well-lit slope or frosted/icy surfaces). Furthermore, the presence of residual frost/ice in shadowed areas, particularly during local winters may sometimes impact the accuracy of the DS correction applied to the scene, and would lead to greater removal of surface signal from the image. Accordingly, in such situations a modified DS-correction is recommended [START_REF] Tornabene | Application of an Empirical Dark (Shadow) Subtraction Method to CRISM VNIR+IR Data as a Supplemental Method for Spectral Analysis of the Surface[END_REF] and employed. This involves manually forcing the pixel values used in the DS-correction process to originate strictly from a specific shadowed area, typically based off the CaSSIS PAN band.

In either case, a validation of the applied correction is performed to ensure that the spectra extracted from regions of interest (ROI) in the image can be assessed and interpreted with reasonable confidence (Tornabene et al., in prep). The validation may also be supplemented with assessments of band ratio composites from dark subtracted images, which typically shower greater contrast if the extent of overcorrection is low. If, however, the overcorrection persists and resultant spectral band ratios and composites generated from images after application of DS-correction possess low contrast, no correction for atmospheric contributions is applied and the products are used as-is, with caution, considering the I/F values as "Top of Atmosphere" (TOA) [START_REF] Fernando | Mars Atmospheric Dust Contamination of Surface Albedo and Colour Measurements[END_REF] responses. Such persistent overcorrection is observed in images with little or no shadows and/or with extremely large amounts of frost/ice in the scene. However, such situations are rare, particularly due to the differences in the way MRO and TGO operate and image the Martian surface. Hence, there is a need for an alternative, and possibly semi-quantitative approach to track and confirm surface changes detected by CaSSIS.

Two supplementary methods, that make use of the spectral capabilities of the simulated and actual CaSSIS products, are proposed in this work, to help identify new changes by the means of spectral ratios and spectral comparisons and are described in the following sections.

Spectral ratio differencing techniques (Method 1):

The Martian crust is known to be rich in iron, which exists in both ferric (Fe 3+ ) and ferrous (Fe 2+ ) bearing mineral phases. Typical dust removal processes, such as dust devils (e.g., Thomas and Gierach, 1985;[START_REF] Balme | Dust devils on Earth and Mars[END_REF], and slope streaks (e.g., et al., 2001;[START_REF] Dundas | Geomorphological evidence for a dry dust avalanche origin of slope streaks on Mars[END_REF] tend to expose the generally less oxidized ferrous surface material. The width of the spectral responses of CaSSIS over the 400 to 1100 nm range allows us to effectively discriminate between these ferrous and ferric bearing surfaces based on their characteristic electronic absorptions near 1000 nm and 550 nm, respectively (Fig. 1). Accordingly, four strategically developed band-ratios were generated, after 2018) may be used to distinguish the brightest materials in the scene which predominantly include ices and frosts, but can sometimes also help separate out clouds and dust devil vortices. In most occasions, this permits reasonable detection and delineation of ice/frost deposits from non-frosty areas within the scene. Changes in spectral ratios may indicate changes in spectral composition, but variations in spectral shapes can also be induced by changes in particle sizes (e.g.,

Sullivan

Mushkin et al., 2010, Amador et al., 2016

) (Fig. 2a). Fine-grained materials are observed to exhibit higher PAN/NIR values, which gradually decrease with increasing particle size (Fig. 2e). The opposite trend is observed for the PAN/BLU (Fig 2d), RED/PAN (Fig. 2c) and NIR/BLU ratios (Fig. 2b), which show lower values for fine-grained materials, but increase gradually with increasing particle sizes.

Method 1 involves initial generation of band ratios and spectral parameters for the simulated and actual CaSSIS images. For this work, these spectral parameters were manually computed using the "Band Math" tool in ENVI; alternatively, these can also be computed in any image processing software like ArcGIS or QGIS. The resultant ratio products provide an overview of the variety and distribution of changes occurring in the area covered by the image pair. Regions of Interest (ROIs) are used to define locations of change between the image pairs where subsequently, spectral ratio differencing between the pre-change and the post-change image is performed to ascertain the associated compositional or particulate nature. In either case, it is not enough to detect a difference in spectral ratios between successive images, but to also verify if the observed difference can be attributed to a real surface change. Hence, it is recommended that a group of ~10-20

ROIs (typically 3 x 3 pixels each) (referred to here as base points [BPs]) be taken at locations where it may be confidently assessed that no change has occurred between the two images.

These could be regions with no distinct active morphology such as points along a crater floor or exposed bedrock outcrops, provided that they are also relatively free from high frequency changes in topography, to minimize illumination and shading effects. For greater accuracy in locating favorable BPs, it is recommended to use CaSSIS/CTX-based digital terrain models (DTMs) to evaluate an obtain a general idea of the topography of the region.

Differences in each spectral ratio are then computed for all the BPs, and the mean difference is calculated and is attributed as a base line value referred to here as the least count (L.C.) of that ratio. This value represents the minimum value above which a spectral ratio difference should constitute a real colour change; this technique has been shown to help separate out ambiguous variations from real surface changes [START_REF] Rangarajan | Semi-Quantitative Identification of Colour Associated Gully Changes through CaSSIS Band Ratios and Spectral Analysis Techniques[END_REF]).

Since algebraic operations like differencing are performed in spectral ratio-space, this method minimizes the influence of varied illumination geometry between the image pairs on surface interpretations. 

In-scene spectral comparison between change and non-change regions (Method 2):

In this technique, I/F spectra are extracted from two ROIs -one inside the putative change area, and one just outside it, for both pre-and post-change images, after which a visual comparison of the spectral shapes between the two ROIs in each image is performed. Change in spectral shape characteristics between the two ROIs in the "after"

image would typically denote new activity at that location; consequently, a lack of any observable variation in spectral shapes in both the "before" and "after" images would indicate no change (e.g.

, Rangarajan et al., 2021).

It is critical, however, that both ROIs are located on surfaces with similar inclinations and textures, so that photometric effects due to variable surface topography/illumination are minimized. In cases where digital elevation models are available, they should be used to produce slope and aspect maps, to enable confident selection of ROI locations or even use these maps to photometrically correct illumination effects [START_REF] Munaretto | Implications for the origin and evolution of Martian Recurring Slope Lineae at Hale crater from CaSSIS observations[END_REF]2021). Downsampling of CaSSIS Digital Terrain Models (DTMs) to spatial scales of 10 to 20 m is recommended for such approaches, in order to consider uncertainty in co-registration [START_REF] Re | CaSSIS-based stereo products for Mars after three years in orbit[END_REF]. Alternatively, when possible, CaSSIS CaSSIS Super-Resolution Restoration DTMs [START_REF] Tao | Ultra-High-Resolution 1 m/pixel CaSSIS DTM Using Super-Resolution Restoration and Shape-from-Shading: Demonstration over Oxia Planum on Mars[END_REF] may also be produced through photogrammetry and photoclinometry methods, from combinations of CaSSIS panchromatic images and overlapping CTX stereo pairs to derive higher spatial scale topographic information.

Since spectral comparison is performed between ROIs within the same image and on similar slopes/aspects, this method is virtually unaffected by varying lighting conditions between pre-and post-change scenes. Apart from simply highlighting the presence of a change between an image pair, this method may also provide some key insights into the spectral nature of the change based on spectral shape, and by extension, its possible composition. While visual comparison of spectra in this method is sufficient for validation of a colour change, spectral differencing can also be used to get an idea of the relative composition associated with the change.

In summary, the spectral ratio differencing technique (Method 1) uses a numerical change in spectral band ratios above a defined threshold (i.e. Least count) between pre-and post-change images, to detect new changes. Alternatively, the in-scene spectral analysis method (Method 2) compares spectral shapes within and outside the change area, in both the pre-and post-change images separately. Typically, if a change has occurred between the two timelines, no difference in spectra shapes (between the change and non-change area)

for the pre-change image, and a clear difference in spectra between the two areas for the post-change image is expected.

The following sections discuss these methods in context of the different types of changes observed on the Martian surface, and describe in detail, the advantages, and drawbacks of such techniques on a case-by-case basis. Section 3.1. describes results of application of these methods to slope processes including gullies and slope streaks while Section 3.2. describes how these methods may be successfully applied to the characterization of ice/frost related seasonal phenomena. Section 3.3. presents and discusses results when applied to surface expressions of aeolian processes, particularly dust devil tracks.

Apart from surface changes that exhibit variations in albedo and colour, there also exist active features on Mars that undergo physical movement or translations along the surface.

These particularly include changes like aeolian bedform movement and real-time monitoring of active dust devils. Since such changes are purely physical, Methods 1 and that are described above, which are guided by the spectral characteristics of the change, may not be helpful to track and monitor such features. Section 3.4. therefore, describes how methods like digital image correlation can be applied for purely physical changes to derive quantitative estimates of change. As mentioned earlier, some of these deposits, typically the more recent gully flows, also exhibit bright IR signatures in HiRISE, which may be indicative of the ferrous-bearing nature of the freshly deposited material, as compared to the relatively ferric-iron rich dust-covered slopes surrounding the new deposit. As described in Section 2.1.1., CaSSIS images may be able to confidently separate ferrous and ferric-bearing mineral phases and hence may help identify such changes within image pairs. Fig. 3 CaSSIS CBRCs built from a combination of band ratios [START_REF] Tornabene | Image Simulation and Assessment of the Colour and Spatial Capabilities of the Colour and Stereo Surface Imaging System (CaSSIS) on the ExoMars Trace Gas Orbiter[END_REF] make the identification of changes easier. Most new gully changes at Gasa typically appear dark bluish in a CBRC product built from a combination of RED/PAN, PAN/BLU and PAN/NIR ratios assigned to the red, green and blue channels, owing to the ferrous-bearing nature of the newly deposited material. In cases where the CaSSIS RED band is not available, the RED/PAN ratio could be replaced by NIR/PAN in the red channel. These colour composites have facilitated identification of additional changes at this site from a recent CaSSIS-based change monitoring campaign between MY34 and MY36 (Fig. 4). In particular, four of the five changes observed in MY36 were first identified through CaSSIS images, which has helped reposition future HiRISE targets over the new change areas to retrieve higher spatial scale information. change in particle size might also produce a similar set of ratio changes, a bluish material is also observed in the gully alcoves (Fig. 3) that may act as a potential source material. This observation is further supplemented by observations of a clear RED-NIR deflection in the 4-band post-change image spectrum (Fig. 5f), extracted from an ROI within the change area, that point towards the potential addition of ferrous materials over a ferric-iron material rich slope. Alternatively, it may also be possible that the flow and the eroded slope area are just free of ferric-iron rich surface dust, which may not be the case in surrounding areas where no activity is observed.

Results and

The two techniques also seem to work very well in separating ambiguous changes from any real surface changes that should be observable at CaSSIS scale. Fig. 6 shows a set of images that depict what appears to be a slight darkening of a feature along the western slope of the crater. It may be observed that the ratio differences between preand post-change images fall below the least count (Fig. 6). This behaviour suggests that the darkening observed is not caused by a change large enough to be observable at In summary, CaSSIS observations offer possibility of tracking associated colour information with new gully activity over a larger swath than HiRISE. However, the spatial resolution of CaSSIS over HiRISE limits its capability to track fine-scale activity on the surface such as movement of meter size boulders along steep slopes; typically gully changes at least twice the spatial scale of CaSSIS (~8 m) should be resolvable. While HiRISE observations will inevitably provide better insights into the morphologic nature of the new deposits, CaSSIS images can be potentially used to help reposition HiRISE observations as in the case for the new activity observed at Gasa crater in MY36 (Fig. 4).

Slope Streaks:

Slope streaks are narrow, linear features typically found on dust-covered steep slopes in low thermal inertia regions near the Martian equator [START_REF] Sullivan | Mass movement slope streaks imaged by the Mars Orbiter Camera[END_REF][START_REF] Chuang | Modification of martian slope streaks by eolian processes[END_REF][START_REF] Putzig | Global thermal inertia and surface properties of Mars from the MGS mapping mission[END_REF] and were first identified in Viking orbiter images [START_REF] Morris | Aureole deposits of the Martian volcano Olympus Mons[END_REF].

Subsequently, availability of higher resolution datasets like the MOC, HiRISE and now CaSSIS have facilitated both global [START_REF] Sullivan | Mass movement slope streaks imaged by the Mars Orbiter Camera[END_REF][START_REF] Aharonson | Slope streak formation and dust deposition rates on Mars: MARTIAN SLOPE STREAK FORMATION RATES[END_REF][START_REF] Schorghofer | Three decades of slope streak activity on Mars[END_REF][START_REF] Dundas | Geomorphological evidence for a dry dust avalanche origin of slope streaks on Mars[END_REF] and regional scale studies [START_REF] Chuang | HiRISE observations of slope streaks on Mars[END_REF][START_REF] Phillips | Mass movement within a slope streak on Mars[END_REF][START_REF] Schorghofer | Sporadic formation of slope streaks on Mars[END_REF][START_REF] Bergonio | Properties of martian slope streak populations[END_REF] to better understand the origin and evolution of these features over time. Newer streaks usually appear darker, possess lower brightness values and have stronger contrast compared to the surrounding terrain [START_REF] Schorghofer | Three decades of slope streak activity on Mars[END_REF][START_REF] Valantinas | CaSSIS colour and multi-angular observations of Martian slope streaks[END_REF], and can form all year round, with greater concentrations observed in local autumn [START_REF] Heyer | Seasonal formation rates of martian slope streaks[END_REF][START_REF] Dundas | Active Mars: A Dynamic World[END_REF]. Slope streaks that are brighter compared to the surrounding terrain, as well as transitioning slope streaks that are interpreted to be an intermediate stage between newer/darker and older/brighter slope streaks [START_REF] Valantinas | CaSSIS colour and multi-angular observations of Martian slope streaks[END_REF]. They are observed more commonly around Arabia Terra, particularly where formation rates of newer streaks are observed to be relatively low, compared to regions like Terra Sirenum and Amazonis Planitia [START_REF] Schorghofer | Three decades of slope streak activity on Mars[END_REF]Valantinas et al., 2019[START_REF] Valantinas | CaSSIS colour and multi-angular observations of Martian slope streaks[END_REF]). However, it may be possible that brighter streaks exist elsewhere but are not visible in images due to high opacity or solar incidence angle during image acquisition [START_REF] Baratoux | The role of the wind-transported dust in slope streaks activity: Evidence from the HRSC data[END_REF][START_REF] Valantinas | Multi-angular observations of Martian bright slope streaks[END_REF].

While both fluid-based [START_REF] Ferris | Dark slope streaks on Mars: Are aqueous processes involved?: DARK SLOPE STREAKS ON MARS[END_REF][START_REF] Miyamoto | Fluid dynamical implications of anastomosing slope streaks on Mars[END_REF][START_REF] Kreslavsky | Slope streaks on Mars: A new "wet" mechanism[END_REF][START_REF] Bhardwaj | Martian slope streaks as plausible indicators of transient water activity[END_REF] and dry models [START_REF] Morris | Aureole deposits of the Martian volcano Olympus Mons[END_REF][START_REF] Williams | Dark talus streaks on Mars are similar to aeolian dark streaks[END_REF][START_REF] Sullivan | Mass movement slope streaks imaged by the Mars Orbiter Camera[END_REF] have been proposed for their formation, recent studies support a dry origin for these features, suggesting either removal of overlying dust layer to expose a possibly less oxidised darker substrate or possible grain size differences between the darker slope streaks and surrounding terrain [START_REF] Chuang | HiRISE observations of slope streaks on Mars[END_REF][START_REF] Dundas | Geomorphological evidence for a dry dust avalanche origin of slope streaks on Mars[END_REF][START_REF] Valantinas | CaSSIS colour and multi-angular observations of Martian slope streaks[END_REF]. Slope streaks have also been extensively studied through observations from HiRISE (e.g., [START_REF] Phillips | Mass movement within a slope streak on Mars[END_REF] and CRISM [START_REF] Mushkin | Spectral constraints on the composition of low-albedo slope streaks in the Olympus Mons Aureole: MARTIAN SLOPE STREAKS[END_REF][START_REF] Amador | Spectral Characteristics of Dark Slope Streaks on Mars: A Global Survey with CRISM[END_REF] and the latter show evidence for these features exhibiting spectrally featureless surface responses and a lack of any hydration signatures. Slope streaks have not been observed to have any distinctive colour signature, and consequently CaSSIS image pairs may not provide any additional visual colour-based advantage to identifying slope streaks in comparison to higher resolution instruments like HiRISE or MOC-NA. However, CaSSIS band ratios have been observed to be sensitive to particle size changes on the surface (Fig. 2) as described in Section 2.1.1.

Valantinas et al. (2021)

show that dark slope streaks could generally be composed of larger particles than bright slope streaks. Consequently, if differences in the tonality of slope streaks are indeed related to composition or particle sizes, then CaSSIS band ratios may serve as a way to better understand the formation processes of different types of streaks (light, dark and transitional. A typical example is shown in Fig. 7 where two new slope streaks were identified on a scarp in Arabia Terra, between a simulated CaSSIS image (dubbed 2302D) in early MY31 and an actual CaSSIS acquisition (MY35_013998_358_0) acquired in late MY35. Here, we observe a distinct increase in the PAN/NIR spectral band ratio value and subsequent decreases in the PAN/BLU, RED/PAN and NIR/BLU ratio values between the two images, for both new slope streaks S1 and S2. This is also reflected by the clear change observed in spectral shape for both streaks (Fig. 7d and7f) in the post-change image. With the lack of any associated colour variations observed for these new streaks, the variations observed in spectral ratios and spectral shape likely signify a reduction in particle sizes in the change area as compared to the surrounding slope material, due to introduction of the new dark slope streaks. In summary, apart from supplementing HiRISE and CTX based campaigns in slope streak identification and monitoring, CaSSIS images provide insight into possible formation mechanisms of the streaks through analysis of band ratios and spectral shapes of regions within the slope streaks. While CaSSIS, unlike CRISM, may not be able to provide any evidence of presence/absence of hydration associated with these features, change in band ratios could provide information on relative particle size differences. Additionally, the non sun-synchronous capability of CaSSIS that allows for multi-angular observations of slope streaks at varying local times within the same season, can also be used to perform investigation of effects dependent on phase angle, and by extension, particle size, porosity and roughness (Fernando et al., 2016;[START_REF] Valantinas | CaSSIS colour and multi-angular observations of Martian slope streaks[END_REF].

Ice/Frost Related Processes:

At present day, temperatures favourable for CO2 frost condensation are reached at all latitudes [START_REF] Piqueux | Discovery of a widespread low-latitude diurnal CO 2 frost cycle on Mars: LOW-LATITUDE CO 2 FROST ON MARS[END_REF] However, as mentioned in Section 2.1, DS-correction may not work for every frosty scene, particularly in cases where residual ice/frost influences the way minima values are subtracted through the scene due to a frosty shadow, and/or multiple scattering of pixel responses from well-illuminated slopes into shadowed areas, causing a greater extent of overcorrection of the image. From a change monitoring standpoint, utilization of each successive image of a monitoring site is critical to better understand and constrain timing, extent and activity rates. With DS-correction methods sometimes leading to large degrees of overcorrection in some cases as mentioned above, it is important that there is an alternative method to detect and characterise changes in frosty scenes.

The use of spectral ratio differencing techniques, more particularly, the use of the ICE-ATM spectral parameter [START_REF] Tornabene | Image Simulation and Assessment of the Colour and Spatial Capabilities of the Colour and Stereo Surface Imaging System (CaSSIS) on the ExoMars Trace Gas Orbiter[END_REF]) (Fig. 1) on non-DS corrected TOA spectra has been found in this work to be extremely useful in identifying and demarcating frost-rich slopes from well-illuminated non-frosty regions. It may be noted that a ~1000 nm weak absorption is exhibited by both ice-rich (typically H2O ice) and ferrous-bearing mineral phases. Therefore, additionally for means of validation and further confirmation that the observed changes are indeed truly representative of ice/frost driven phenomena, we compare results of the ICE-ATM parameter with spectral ratio differences obtained for PAN/NIR, which is designed to enhance the 1000 nm absorption due to ferrous-bearing materials. Fig. 8 shows one such example highlighting two simulated CaSSIS images produced from CRISM products acquired between MY30 and MY31, showing the presence and absence of frost in the slopes of Daiyang crater. It should be noted that in the absence of colour information, it is challenging to separate a frosty slope from a well-illuminated slope from just HiRISE RED images (Fig 8a). The tables in Fig. 8 show the difference in the ICE-ATM and PAN/NIR spectral band ratios between the two simulated images dubbed 1A24D and 22078 across four frost-rich (F1 to F4) and five frost-free (NF1 to NF5) locations that include points that lie on well-illuminated slopes. Areas where defrosting has occurred (for e.g. points F1 to F4), exhibit higher ICE-ATM differences between the two images as compared to areas where no defrosting has occurred (NF1 to NF5). We also observe that the PAN/NIR spectral ratio differences between the two simulated CaSSIS images for both frost-rich and frost-free locations are very low as compared to the ICE-ATM spectral parameter differences, which suggest that these variations are not caused by change in ferrous bearing phases, and that the differences observed with the ICE-ATM spectral parameter is truly representative of ice/frost phenomena. This is also observed in cases where slopes have been partially defrosted. The ICE-ATM spectral parameter is clearly able to identify and distinguish between the frost-rich and frost-poor areas within the change detection pair (Fig. 9), with the defrosted areas exhibiting a decrease in the ICE-ATM spectral parameter difference, in comparison to areas that are still frost-rich, where no large difference in the PAN/NIR spectral parameter is observed. Another expression of frost-related changes includes some of the most unusual surface phenomena, e.g., the formation of defrosting sublimation spots [START_REF] Albee | Mars Global Surveyor Mission: Overview and Status[END_REF][START_REF] Thomas | North-south geological differences between the residual polar caps on Mars[END_REF][START_REF] Kieffer | Cold jets in the Martian polar caps: MARS POLAR JETS[END_REF][START_REF] Gardin | Defrosting, dark flow features, and dune activity on Mars: Example in Russell crater[END_REF]. These are formed as a result of escaping CO2 gas from the surface, every local spring [START_REF] Kieffer | Cold jets in the Martian polar caps: MARS POLAR JETS[END_REF][START_REF] Piqueux | North and south subice gas flow and venting of the seasonal caps of Mars: A major geomorphological agent[END_REF][START_REF] Portyankina | HiRISE observations of gas sublimation-driven activity in Mars' southern polar regions: III. Models of processes involving translucent ice[END_REF][START_REF] Thomas | HiRISE observations of gas sublimation-driven activity in Mars' southern polar regions: II. Surficial deposits and their origins[END_REF]. A similar phenomenon is also observed to be true even when the ICE-ATM values are compared between images taken in different illumination scenarios. One such example is shown in Fig. 11, where seasonal defrosting on the slopes of a crater is observed in three successive time-steps in CaSSIS images acquired in early to mid MY36. A constant reduction in ICE-ATM values is also observed in conjunction with the reducing ice/frost extent on the slope (Fig. 11d), even though all three images were acquired in completely different lighting conditions (Table 1). This provides slightly more confidence in using the ICE-ATM parameter as a tool to identify and confirm presence and extent of frost. While it is not yet certain if quantitative differences in ICE-ATM parameter values between images may be used as a proxy for calculating volume change of frost on the slope, work in this domain is underway. In summary, the larger colour coverage of CaSSIS enables easier identification of slopes covered in ice and frost than visual identification methods from HiRISE RED or CTX images. This has been found to be particularly useful in cases where both frost-rich and wellilluminated slopes exist within an image, making delineation of the two surfaces quite challenging without associated colour information. Spectral parameters like ICE-ATM help in this regard, giving a reasonable way to distinguish between the two surfaces. While confident spectral identification of ice based off diagnostic IR absorptions that is typically employed with CRISM, may not be possible with CaSSIS owing to its spectral range limitations, the weak 1000 nm absorption for water-ice spectra may still be reasonably resolved if atmospheric contributions can be minimised (e.g., [START_REF] Tornabene | Potential Detection of Exposed Martian Water-Ice with Multispectral Images from the ExoMars Colour and Stereo Surface Imaging System[END_REF][START_REF] Rangarajan | Spectral Analyses of Gully-Associated Light-Toned Materials from TGO/CaSSIS and MRO/HiRISE Observations: Implications for Martian Gully Formation[END_REF]. This may allow for slightly more confident detection of water-ice than HiRISE 3-band spectra. For large scale changes in surface ice/frost, CaSSIS images may also be used in concert with HiRISE and CTX, to help constrain timing of activity of various processes.

Dust devil tracks:

Dust devils are particle loaded, upward-moving spiraling whirlwinds caused by near surface air heating [START_REF] Balme | Dust devils on Earth and Mars[END_REF]. This phenomenon is seen both on Earth and Mars, and are typically most active during local summers, when the solar insolation is relatively high [START_REF] Sinclair | General characteristics of dust devils[END_REF][START_REF] Renno | MATADOR 2002: A pilot field experiment on convective plumes and dust devils[END_REF][START_REF] Metzger | Techniques for identifying dust devils in Mars Pathfinder images[END_REF][START_REF] Franzese | Dust devils: Characteristics of the forward motion from a Saharan survey[END_REF]. Characteristics of dust devils including translational and rotational velocities, heights, and paths have been studied using the shadows they produce in visible imagery [START_REF] Cantor | Mars Orbiter Camera observations of Martian dust devils and their tracks[END_REF][START_REF] Stanzel | Dust devil speeds, directions of motion and general characteristics observed by the Mars Express High Resolution Stereo Camera[END_REF][START_REF] Greeley | Gusev Crater, Mars: Observations of three dust devil seasons[END_REF][START_REF] Choi | Measurements of Martian dust devil winds with HiRISE: MEASUREMENTS OF MARTIAN DUST DEVIL WINDS[END_REF][START_REF] Reiss | The horizontal motion of dust devils on Mars derived from CRISM and CTX/HiRISE observations[END_REF], and the tracks that they leave behind them. Most of these tracks are typically darker than the surrounding surface [START_REF] Sullivan | Mass movement slope streaks imaged by the Mars Orbiter Camera[END_REF][START_REF] Cantor | Mars Orbiter Camera observations of Martian dust devils and their tracks[END_REF]Daubar et al., 2018) and are formed due to removal of a finer ferric dust layer [START_REF] Greeley | Martian variable features: New insight from the Mars Express Orbiter and the Mars Exploration Rover Spirit[END_REF], thereby exposing the underlying darker substrate that is potentially less rich in ferric iron; however, bright dust devil tracks have also been observed at some sites [START_REF] Reiss | Bright dust devil tracks on Earth: Implications for their formation on Mars[END_REF]. Thus far, the spectral differences between the dust devil tracks and surrounding terrain are not found to be substantial enough to be confidently detected quantitatively using the spectral ratio differencing and the in-scene spectral comparison methods. However, spectral band ratio maps produced from the CaSSIS images can enable easier detection and verification of these tracks within a change detection image pair, even in regions of low surface albedo and/or with substantial differences in lighting conditions between pre-and post-change images.

Band ratio maps can also provide additional qualitative information on the general spectral nature of the tracks, helping better understand the associated formation process. Fig 12 shows two simulated CaSSIS images dubbed 042AA and 05339 (Table 1) showing dust devil tracks on the Russell crater dunes in mid MY28. It may be noted that the image 042AA is completely covered in seasonal CO2 frost, which would mask any pre-existing tracks. As such, this is used only as a comparison to the image 05339 to explore the capability of band ratio maps in detection and interpretation of the tracks. It should be noted that the tracks observed in the Fig. 12(d)-(f) may either have been formed by new dust devil activity between the two periods, or the pre-existing dust devil tracks may have been revealed as the frost sublimated. Amongst the four band ratios listed in Fig. 1, dust devil tracks are best-defined in the PAN/BLU spectral ratio map (Fig. 12e). These tracks also appear brighter in the PAN/NIR spectral parameter map and relatively darker in the PAN/BLU ratio map, that point towards their relative richness in ferrous-bearing mineral phases. These interpretations are concurrent with models suggesting exposure of a less ferric-rich underlying substrate [START_REF] Sullivan | Mass movement slope streaks imaged by the Mars Orbiter Camera[END_REF][START_REF] Cantor | Mars Orbiter Camera observations of Martian dust devils and their tracks[END_REF]. Conversely, in cases where bright dust devil tracks are observed on the surface, like in Fig. 13, the tracks appear brighter in the PAN/BLU ratio map (Fig. 13b) and darker in the PAN/NIR ratio map (Fig. 13c). Studies suggest brighter tracks could either be formed because the dust devils in this location possessed smaller vortices, and therefore did not have enough strength to completely remove the surface dust coating [START_REF] Cantor | Mars Orbiter Camera observations of Martian dust devils and their tracks[END_REF], or they had very large horizontal velocities resulting in less dust removal in a given area [START_REF] Lorenz | Solar panel clearing events, dust devil tracks, and in-situ vortex detections on Mars[END_REF]. 

Purely physical changes:

Aeolian bedform movement:

Micro-(ripples) and macro-scale (dunes) bedform migration serve as one of the most direct confirmations of wind playing a key role in shaping the surface of Mars (e.g., Silvestro and Titus, 2022). While across latitudes, presence of a large number of sand dunes [START_REF] Fenton | Dune migration and slip face advancement in the Rabe Crater dune field, Mars[END_REF][START_REF] Silvestro | Ripple migration and dune activity on Mars: Evidence for dynamic wind processes: RIPPLE AND DUNE ACTIVITY ON MARS[END_REF][START_REF] Bridges | Bedform migration on Mars: Current results and future plans[END_REF]Chojnacki et al., 2015[START_REF] Chojnacki | Boundary condition controls on the high-sand-flux regions of Mars[END_REF]Runyon et al., 2017) and transverse aeolian ridges (TARs) [START_REF] Balme | Transverse Aeolian Ridges (TARs) on Mars[END_REF][START_REF] Bridges | Earth-like sand fluxes on Mars[END_REF][START_REF] Bridges | Bedform migration on Mars: Current results and future plans[END_REF]Geissler, 2014) have been documented from remote sensing observations, identifying appreciable bedform movement in medium resolution images has been challenging. This is owing to the fact that the threshold friction speeds for saltation are considerably high in some areas, such that in some places migration rates could be as low as 1-2 cm or less, every Mars Year [START_REF] Fenton | Dune migration and slip face advancement in the Rabe Crater dune field, Mars[END_REF][START_REF] Fenton | Transverse Aeolian Ridge Growth Mechanisms and Pattern Evolution in Scandia Cavi[END_REF]. This however, is also very regiondependent, as topography plays a crucial role in triggering aeolian activity on Mars [START_REF] Fenton | Extraterrestrial Aeolian Landscapes[END_REF][START_REF] Vaz | Migrating meter-scale bedforms on Martian dark dunes: Are terrestrial aeolian ripples good analogues?[END_REF][START_REF] Chojnacki | Boundary condition controls on the high-sand-flux regions of Mars[END_REF]. Thus, greater sediment transport rates on Mars have been observed in the north polar erg, Hellespontus Montes, and the Syrtis Major volcanic province [START_REF] Ayoub | Threshold for sand mobility on Mars calibrated from seasonal variations of sand flux[END_REF][START_REF] Chojnacki | Boundary condition controls on the high-sand-flux regions of Mars[END_REF][START_REF] Dundas | Active Mars: A Dynamic World[END_REF], and even bright-toned megaripples have been observed to move [START_REF] Silvestro | Megaripple Migration on Mars[END_REF]Chojnacki et al., 2021).

The presence of moving aeolian bedforms and their migration magnitudes can be generally tracked from digital image correlation between pre-and post-change images (e.g.,

Raack et al., 2020).

Difference maps also highlight pixels near the leading edge of the slip face, indicating magnitude and direction of movement of the landform (See Fig. 15 in [START_REF] Tornabene | Image Simulation and Assessment of the Colour and Spatial Capabilities of the Colour and Stereo Surface Imaging System (CaSSIS) on the ExoMars Trace Gas Orbiter[END_REF]. Similar methods can be applied for CaSSIS images, where the PAN band from the pre-and post-change scenes may be used as a basemap (Fig. 14). It may be noted that since bedform movement is a purely physical change, monitoring of such features from CaSSIS images is not restricted to just using CaSSIS-CaSSIS combinations; this can also be performed on CTX-CaSSIS combinations if CTX and CaSSIS images are resampled to the same spatial resolution. Bedform migration can be computed for the swifter dunes by measuring the distance between dune centroids on subsequent images or by creating a difference map to help detect and measure changes between different time periods. provided in the supplementary material (Fig. S1). The two images were co-registered using one single point in ArcGIS Pro (simple translation), after which contours for each dome dune were manually traced. It may be noted however, that the two images were not orthorectified. Dome dunes are flatter, slip faceless dunes, unlike barchan dunes that trap larger volume of sand [START_REF] Greeley | Wind as a Geological Process: On Earth, Mars, Venus and Titan[END_REF]. Hence, it is expected that dome dunes have a greater migration rate than barchan dunes. The migration magnitudes between the dune centroids for the two domes were estimated to be 15 m and 16 m towards the south, for Dune 1 and Dune 2 respectively. These measured magnitudes for the two dunes are fairly consistent with those estimated from ortho-rectified HiRISE images (PSP_009814_2020 and ESP_062771_2020) acquired at similar time periods as that of the CTX-CaSSIS combination -16m for Dune 1 and 24m for Dune 2 [START_REF] Silvestro | Megaripple Migration on Mars[END_REF]. The differences in the magnitude rate for Dune 2 may be attributed to different image geometries between the CTX and the CaSSIS image. The incidence angles of the two images are different -11.5° for CaSSIS (Table 1) and 47.8° for CTX (Table 2), and the topography is complex. However, despite these differences, it can be observed that dune migration can still be detected with CaSSIS, and that more accuracy and reliability in magnitudes of change can be obtained when ortho-rectified images are used. As such, geometric correction of pre-and postchange images with CaSSIS-based digital terrain models (DTMs) (Cremonese andRe, 2018, Simioni et al., 2021) will further minimize topographic contributions. In addition, the planning of specific change detection campaigns where images are taken with similar acquisition parameters, will help achieving greater accuracy in measured migration magnitudes. 

Active dust devils:

Images of real-time dust devil activity have been acquired by multiple visible imaging instruments, both on rovers (e.g., [START_REF] Metzger | Dust devil vortices seen by the Mars Pathfinder Camera[END_REF][START_REF] Greeley | Active dust devils in Gusev crater, Mars: Observations from the Mars Exploration Rover Spirit: ACTIVE DUST DEVILS IN GUSEV CRATER[END_REF]2010;[START_REF] Ellehoj | Convective vortices and dust devils at the Phoenix Mars mission landing site[END_REF] and on orbiters (e.g., [START_REF] Stanzel | Dust devil speeds, directions of motion and general characteristics observed by the Mars Express High Resolution Stereo Camera[END_REF][START_REF] Reiss | Bright dust devil tracks on Earth: Implications for their formation on Mars[END_REF][START_REF] Canty | Image Analysis, Classification and Change Detection in Remote Sensing[END_REF][START_REF] Choi | Measurements of Martian dust devil winds with HiRISE: MEASUREMENTS OF MARTIAN DUST DEVIL WINDS[END_REF]. The ability of CaSSIS to acquire along-track stereos in the same orbit with a ~45 second delay between acquisition of the two halves of the stereo pair [START_REF] Thomas | The Colour and Stereo Surface Imaging System (CaSSIS) for the ExoMars Trace Gas Orbiter[END_REF], makes it the only other stereo-capable imager along with HRSC to allow the possibility of independently monitoring dust devil activity in real-time. It should be noted while MRO is also capable of real-time dust devil monitoring, this is only possible with coordinated imaging between CRISM and CTX/HiRISE (e.g., [START_REF] Reiss | The horizontal motion of dust devils on Mars derived from CRISM and CTX/HiRISE observations[END_REF]. Dust devil tracking using this technique, however, has been challenging post 2012, owing to operational constraints associated with CRISM [START_REF] Murchie | CRISM on MRO-Instrument and investigation overview[END_REF].

Reasonable quantitative estimations of translational dust devil ground velocities can be made by measuring the distance between the two dust devil positions (e.g., Stanzel et al., 2006;2008;[START_REF] Reiss | Bright dust devil tracks on Earth: Implications for their formation on Mars[END_REF], as long as the dust devil has moved by at least 3 pixels. This distance is typically tracked from the center of the intersection between the dust plumes and its shadows (e.g., [START_REF] Reiss | The horizontal motion of dust devils on Mars derived from CRISM and CTX/HiRISE observations[END_REF]. Colour fringing may also be observed in CaSSIS colour band composites if dust devil is moving between filters (e.g., Fig. 15a). Additionally, if the dust devil is moving with a velocity greater than the framing rate of the detector assembly (~346 ms per exposure) [START_REF] Thomas | The Colour and Stereo Surface Imaging System (CaSSIS) for the ExoMars Trace Gas Orbiter[END_REF]), it may even be possible to observe and quantify dust devil movement within a single non-stereo CaSSIS image. respectively, the dust devil is observed to have moved by ~472 m (i.e. ~118 pixels) between the two time periods, in the southeastern direction. Considering the measurements to be precise within 3 pixels (e.g. Reiss et al, 2014), the horizontal ground velocity of the dust devil is estimated to be ~10.27 ± 0.30 m/s. This is concordant with average dust devil velocities (~11-13 m/s) measured previously in this region (Stanzel et al., 2006;2008;[START_REF] Reiss | Bright dust devil tracks on Earth: Implications for their formation on Mars[END_REF][START_REF] Fenton | Orbital Observations of Dust Lofted by Daytime Convective Turbulence[END_REF] from HRSC. In summary, CaSSIS-based estimates of dust devil velocities could supplement similar measurements from HRSC and other instruments, helping us to better understand local climatic conditions during dust devil activity.

Summary and Conclusions:

CaSSIS observations serve as a unique tool to facilitate medium to high-resolution change detection campaigns for active surface processes, particularly with its much wider colour coverage than CTX/HiRISE, and ability to image at different times of day. Simulated CaSSIS observations may also be generated from coordinated CRISM-CTX pairs, thus facilitating the construction of sets of CaSSIS-like images from 2007 onwards and thereby, helping to generate the necessary repository of images for spectrally driven change detection campaigns. While HiRISE-based change detection campaigns have and continue to present the most informative approach owing to higher spatial scales, with the operational capabilities of the MRO reducing with time, shifting to a CaSSIS-dominated change detection process may become even more crucial and thus, a layout of optimal methods to pursue change monitoring from CaSSIS observations is necessary.

While qualitative change detection methods that involve visual comparisons between pre-and post-change images are helpful for initial detection and characterisation of newer changes, such methods face significant challenges especially when images in a change detection set are acquired at completely different illumination geometries. This is the likely scenario for CaSSIS image acquisitions, owing to the fact that TGO operates in a non-Sunsynchronous orbit, unlike MRO, and therefore, necessitates the development of alternative methods for confident assessment and validation of surface changes observed in the present-day.

While ratio and spectral parameter maps may be used for quick qualitative comparison and easier identification of candidate change locations, for further detailed analysis, two supplementary methods were outlined in this study to aid in detection and monitoring of colour-associated surface changes. These are namely the (i) spectral ratio differencing method and (ii) in-scene spectral comparison method. The two techniques are sensitive to changes in surface composition (Fig. 1) and can also reflect changes in surface texture including effects of particle size (Fig. 2). Both methods are observed to work well in cases where DS-correction can be applied to minimise atmospheric contributions to surface I/F. However, there may be certain scenarios where application of DS-correction methods may not be always feasible, viz., (i) when band minima pixels do not lie in complete shadow, (ii) when pixels in shadow are subject to multiple scattering from nearby illuminated slopes, and (iii) when shadowed pixels are contaminated with traces of frost/ice during local winter.

In such cases, only the spectral ratio differencing method is recommended to be used on non-DS corrected image cubes, while exercising caution that the I/F values in the scenes are representative of TOA conditions.

The two methods, when used in concert with visual comparison techniques are observed to work well in isolating and characterising CaSSIS observable new surface changes related to slope processes such as gully activity (Figs. 3456) and slope streaks (Fig. 7). Results from these methods may also help to throw some light on formation mechanisms of these processes, based on the nature and shape of spectral signatures obtained from the change areas.

Frost/ice related processes, on the other hand, can be confidently assessed by the spectral ratio differencing method, with the use of the ICE-ATM spectral parameter, devised to isolate icy surfaces in the scene. This technique presents advantages over the traditional surface albedo-based identification approaches typically used by HiRISE studies, especially in cases where delineation of frost boundaries and its subsequent separation from well-illuminated slopes is critical (Figs. 89). Band ratio maps and spectral parameters also find use in reasonable identification, assessment and characterization of other frost-sublimation driven features like CO2 defrosting spots (Fig. 10), especially in scenarios where multiple images in a change detection sequence possess variable illumination geometries (Fig. 11).

However, these two techniques are not found to be particularly useful to provide quantitative constraints on aeolian surface phenomena and other small features such as rockfalls. While spectral band ratio maps are found to be very helpful in easier identification of tracks left by dust devils (Figs. 12-13), purely physical changes like aeolian bedform movement require use of traditional methods like image correlation and computation of difference maps from sets of images to make rigorous quantitative assessments of bedform movements (Fig. 14). Use of ortho-rectified images is recommended for more accurate measurements. For monitoring and characterizing short-period physical changes like active dust devils, CaSSIS stereo images are observed to be very helpful to make reliable estimations of horizontal dust devil ground velocities (Fig. 15). This can significantly help in aiding a better understanding of local climatic conditions in the region of activity.

HiRISE vs CaSSIS-based change detection:

HiRISE-based change detection has and continues to be very effective to identify and track higher spatial scale changes -these include tracking of small-scale mass wasting, boulder/rock falls. However, its reduced swath of colour acquisition sometimes makes it very hard to locate compositional changes along the entire image width (for e.g. identification of frost distribution on the slope in Fig. 12). While CaSSIS may not capture all small meter-scale physical changes that HiRISE does, it does allow for an improved colourbased change detection capability over HiRISE. CaSSIS-based change-detection image pairs may also enable identification of changes in areas where corresponding HiRISE images may not be readily available. Additionally, colour-based techniques also present easier ways to identify new surface activity, than manual visual comparisons of two HiRISE RED observations, which may be particularly time-intensive, depending on the magnitude and size of the change. The ability of CaSSIS to acquire stereo images in a single orbit, unlike HiRISE, also allows us to independently track and characterize dust devil activity in real-time, providing reliable estimates for translational dust devil ground velocities and directions.

Furthermore, TGO's non-sun synchronous imaging mode, unlike that of MRO, allows for 
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 1 Figure 1. Description and rationale for the various spectral parameters generated for simulated and actual CaSSIS images (modified after Tornabene et al., 2018). Fig (a) shows selected ferric iron bearing (nontronite -ID# CBJB26), ferrous iron bearing (olivine -ID# C10L08) spectra from the CRISM spectral library, and Hapke modeled spectra (Hapke, 1984) for pure H2O with a grain size of 1000 µm at an incidence of 68° (after Becerra et al., 2015). The region shaded in orange describes the sensitivity range of the CaSSIS bands. Fig. (b) shows the equivalent four-point CaSSIS convolved spectra with the dashed vertical lines representing the bandcentres of the four CaSSIS bands.

Figure 2 .

 2 Figure 2. Effects of particle size on dust reflectance spectra. Fig (a) shows the Hapke modeled spectra at 45° incidence for palagonite dust for particle sizes ranging from 1 µm to 10 µm, and 24 µm (Hapke, 1984). Figs. (b) to (e) show the variation of NIR/BLU, RED/PAN, PAN/BLU and PAN/NIR spectral ratio values respectively, with different particle size distributions, ranging from 1 to 10µm.

  shows a set of three simulated CaSSIS images (CRISM IDs: 6220, 13F9F, 1E5A2) and one actual CaSSIS observation (MY34_005684_218_1) showing gully changes between MY28 and MY34 at Gasa crater, one of the most active gully sites on the Martian surface (e.g., Dundas et al., 2010; 2012; 2019). At least 21 changes have been identified from this suite of images (Fig. 3), that include 8 previously documented changes (Dundas et al. 2010; 2012; Tornabene et al., 2018), 12 fading changes (not documented since previous work focused on cataloguing new flows) and 1 previously unidentified new change along the eastern slope of the crater.

Figure 3 .

 3 Figure 3. A comparison of three fully simulated and one actual CaSSIS NIR-PAN-BLU (NPB) colour infrared images (NPB) that show changes that have occurred between 2007 (a), 2009 (b), 2011 (c) and 2019 (d). Red arrows indicate the changes documented in Dundas et al. (2010, 2012) that were observable at CaSSIS resolution, Orange arrow indicates a new change documented in Tornabene et al. (2018) and Black arrows indicate new, previously undocumented changes observed as a result of using a combination of simulated and actual CaSSIS images. The solid arrow represents a new change with respect to the earlier image, while the dashed arrows represent fading changes with respect to the earlier images. Modified after Rangarajan et al., (2020).

Figure 4 .

 4 Figure 4. A set of CaSSIS NPB colour infrared composite images (a), (b) and (c) showing recent changes at Gasa crater from MY34 to MY36. The Black arrows represent the new changes identified through the set of CaSSIS images. Images shown here are CaSSIS images (a) MY34_005684_218_1 (b) MY35_012112_221_0 and (c) MY36_019412_217_0. Figures (d)-(f) are Colour Band Ratio Composites (CBRCs) produced from the three CaSSIS images with the combination R: NIR/PAN; G: PAN/BLU; B: PAN/NIR. New changes possess higher PAN/NIR values and hence show up in blue in the CBRC products.

Figure 5 .

 5 Figure 5. A pair of HiRISE RED (a) and (b) and simulated CaSSIS NIR-PAN-BLU composite images (c) and (d), showing the formation of a new 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 products dubbed (c) 13F9F and (d) 1E5A2 (Table 1), after the CRISM IDs they were produced from. Method 1 shows a comparison of ratio values between the pre-change image (13F9F) and the post-change image (1E5A2). Method 2 shows comparison of spectra taken from ROIs inside (Blue) and outside (Red) the change region. (e) shows these spectra for the prechange image (13F9F) while (f) shows the spectra for the post-change image (1E5A2).

Fig. 5

 5 Fig. 5 shows an example of a new deposit in the northwestern slope of Gasa crater formed in early MY30. It may be noted that the HiRISE images shown in Fig. 5(a) and 5(b) were the ones used by Dundas et al. (2012) to constrain the time of activity. Both these images, however, did not have coordinated CRISM images, and hence, simulated CaSSIS products produced from the closest available coordinated observations were used. In addition to exhibiting a distinctive colour in the NPB composite images, an increase in the PAN/NIR spectral ratio is observed between the pre-change and the post-change image for the new deposit. Additionally, decreases in PAN/BLU, RED/PAN, and NIR/BLU are also observed. All ratio changes are above the least count thresholds. Together, these spectral attributes all point towards the relatively ferrous-bearing nature of the new deposit and helps identify and confirm this change quantitatively. While we do point out in Fig. 2 that a

  CaSSIS spatial scale. This is supported by the lack of a distinctive change in spectral shape in the post change image (Fig 6f), as was observed in the case of a real change (Fig. 5f), both inside and outside the potential change area. The slight shift in spectra seen in Fig. 6(e) and (f) may be explained as changes in contrast due to variable illumination conditions between the two images.

Figure 6 .

 6 Figure 6. A pair of greyscale HiRISE RED (a) and (b) and simulated CaSSIS NPB colour infrared composite images (c) and (d) showing a slight darkening of a feature (Black arrows) in the western slope of Gasa crater in early MY30. Images shown here are simulated products dubbed (c) 13F9F (d) 1E5A2 and corresponding HiRISE RED images (a) ESP_014081_1440 and (b) ESP_022718_1440. Method 1 shows a comparison of ratio values between the pre-change image (13F9F) and the post-change image (1E5A2). Method 2 shows comparison of spectra taken from ROIs inside (Blue) and outside (Red) the change region. (e) shows these spectra for the prechange image (13F9F) while (f) shows the spectra for the post-change image (1E5A2).

Figure 7

 7 Figure 7 (a) A simulated CaSSIS and (b) an actual CaSSIS NIR-PAN-BLU composite image showing formation of two new slope streaks S1 and S2 on a scarp in Arabia Terra between MY31 and MY35. Image (a) is a simulated product dubbed 2302D and (b) is a CaSSIS image MY35_013998_358_0. The solid Green and Orange boxes in Fig (b) depict the location of the two new slope streaks S1 and S2 respectively, and the dashed Green and Orange boxes present the corresponding spectral results from these two new locations. Method 1 shows a comparison of ratio values between the pre-change image (2302D) and the post-change image (CaSSIS) for the two slope streaks formed S1 and S2. Method 2 shows comparison of spectra taken from ROIs inside (Red) and outside (Blue) the change region. Figures (c) and (e) show these spectra for the pre-change image (2302D) while (d) and (f) shows spectra for the post-change image (CaSSIS).

  on Mars, invoking an active, regular, and repeatable CO2 condensation cycle on Mars. Roughly a quarter of the CO2 in the Martian atmosphere can condense onto the surface(Leighton and Murray, 1966;[START_REF] James | The seasonal cycle of carbon dioxide on Mars[END_REF] Kelly et al., 2006;[START_REF] Diniega | Modern Mars' geomorphological activity, driven by wind, frost, and gravity[END_REF], causing a substantial decrease in surface pressures. This annual frost/ice formation (mainly CO2 based with a minor component of H2O) and their subsequent seasonal sublimation processes have been particular drivers of surface change in the mid-and high-latitude regions of Mars[START_REF] Kieffer | Mars south polar spring and summer behavior observed by TES: Seasonal cap evolution controlled by frost grain size[END_REF] Kieffer and Titus, 2001;[START_REF] Aharonson | Depth, distribution, and density of CO 2 deposition on Mars[END_REF][START_REF] Hansen | HiRISE observations of gas sublimation-driven activity in Mars' southern polar regions: I. Erosion of the surface[END_REF]. These changes are not only restricted to accumulation, growth and shrinking of the seasonal ice deposits, but also include a variety of sublimation-driven features like defrosting spots (e.g., Gardin et al., 2010; Jouannic et al., 2019), araneiforms (e.g., Hansen et al., 2010; Hao et al., 2020; McKeown et al., 2021), etc. that form at higher latitudes. Although near-IR and thermal IR data have been the preferred tools to study frost (e.g. Kieffer et al., 2000; Vincendon, 2015; Brown et al., 2017), frost-related deposits can also be generally identified in the visible infrared through their higher surface albedo values. This is because ice/frost deposits are highly reflective in the BLU wavelength of the electromagnetic spectrum (Renno and Mehta, 2010; Tornabene et al., 2018; Khuller and Christensen, 2021; Rangarajan et al., 2022; Dundas et al., 2022). In the near-IR, while CRISM and OMEGA have indeed been employed extensively for spectral identifications of ices (e.g., Bellucci et al., 2004; Vincendon et al., 2010; Viviano et al., 2014; Vincendon, 2015) on the surface, most change detection of frost-driven phenomena have been performed using HiRISE and CTX image combinations[START_REF] Hansen | HiRISE observations of gas sublimation-driven activity in Mars' southern polar regions: I. Erosion of the surface[END_REF][START_REF] Pilorget | Dark spots and cold jets in the polar regions of Mars: New clues from a thermal model of surface CO2 ice[END_REF][START_REF] Bourke | Seasonal furrow formation on Mars polar dunes[END_REF], owing to their greater ability to characterise smaller surface changes. As mentioned earlier, as a means to assess the presence of frosts, the relative brightness values are helpful, especially in cases of surficial frost deposits; but in situations where frosts are deposited on the slopes and walls of craters, it becomes challenging to separate frosty surfaces from well-illuminated slopes, based on qualitative assessments and even quantitative surface brightness values. Alternatively, CaSSIS not only provides a unique opportunity to monitor frost processes at a medium spatial resolution with colour, but also potentially allows for the parameterization and possible spectral identification of exposed surface ices[START_REF] Tornabene | Image Simulation and Assessment of the Colour and Spatial Capabilities of the Colour and Stereo Surface Imaging System (CaSSIS) on the ExoMars Trace Gas Orbiter[END_REF][START_REF] Tornabene | Potential Detection of Exposed Martian Water-Ice with Multispectral Images from the ExoMars Colour and Stereo Surface Imaging System[END_REF][START_REF] Rangarajan | Spectral Analyses of Gully-Associated Light-Toned Materials from TGO/CaSSIS and MRO/HiRISE Observations: Implications for Martian Gully Formation[END_REF]. As highlighted in Section 2.1.1, this is due to the presence of weak asymmetric overtone absorptions near 800, 890 and 1030 nm for water-ice, coupled with a relatively decreasing trend in I/F values across the four CaSSIS channels. Whenever DS-correction methods work, they potentially enable spectral identification of exposed water-ice features on the surface[START_REF] Tornabene | Potential Detection of Exposed Martian Water-Ice with Multispectral Images from the ExoMars Colour and Stereo Surface Imaging System[END_REF][START_REF] Rangarajan | Spectral Analyses of Gully-Associated Light-Toned Materials from TGO/CaSSIS and MRO/HiRISE Observations: Implications for Martian Gully Formation[END_REF][START_REF] Rangarajan | Multispectral Identification of Water-Ice on Mars from HiRISE Images[END_REF].

Figure 8 .

 8 Figure 8. A pair of HiRISE images (a) and (b) and simulated CaSSIS NIR-PAN-BLU composite images (c) and (d) showing seasonal frost deposition and its subsequent removal between MY30 and MY31 in Daiyang crater in Terra Cimmeria. Images shown here are HiRISE images (a) ESP_018851_1410 and (b) ESP_025365_1410 and simulated products dubbed (c) 1A24D (d) 22078. The figure also shows a comparison of the ICE-ATM and PAN/NIR (ferrous) ratios between the two simulated CaSSIS pair at four frost-rich (F1 to F4) and five frost free locations (NF1 to NF5).

Figure 9 .

 9 Figure 9. A pair of simulated CaSSIS NIR-PAN-BLU composite images (a) and (b) showing seasonal frosting and defrosting in the slopes of Sisyphi Cavi between Ls 199 and Ls 227 in MY29. Images shown here are simulated products dubbed (a) 10BB2 (b) 11935. The figure also shows a comparison of the ICE-ATM and PAN/NIR (ferrous) ratios between the two simulated CaSSIS images at five frost-rich (F1 to F5) and five partially defrosted/frost-poor regions (FP1 to FP5).

  Fig 10 illustrates two CaSSIS colour infrared composites that show two different stages in defrosting of a dune field in Aonia Terra (USGS Dune Database 2573-6; Hayward et al., 2007). While Fig 10(a) represents early stages of defrosting with formation of sublimation spots, Fig 10(b) represents a stage where the dune is completely devoid of seasonal frost. It can be observed that the defrosting spots typically possess lower ICE-ATM values than the frosted areas of the dunes and hence appear dark than elsewhere in the dunes (Fig 10b); as the frost over the dune field fully sublimates, the whole dune field becomes darker than the surrounding terrain (Fig 10e). It may also be noted that no substantial change is observed in the PAN/NIR ratio maps between the two stages (Figs. 10c and 10f), as that observed for the ICE-ATM spectral parameter map, thus ruling out possibility of any large-scale ferrous changes between the two time periods.

Figure 10 .

 10 Figure 10. A pair of CaSSIS NIR-PAN-BLU composite images (a) and (d) showing two different stages in seasonal defrosting of a dune field in Aonia Terra between Ls 192.7 and Ls 301.6 in MY34. Images shown here are CaSSIS images (a) MY34_002476_288_0 and (d) MY34_004627_289_0. The figure also shows a comparison of the ICE-ATM parameter maps (Figs. (b) and (e)) and PAN/NIR (ferrous) ratio maps (Figs. (c) and (f)) for the two CaSSIS images respectively.

Figure 11 .

 11 Figure 11. A set of three CaSSIS NIR-PAN-BLU composite images (a), (b) and (c) showing seasonal defrosting in the slopes of a crater near Vastitas Borealis between Ls 68.9° and Ls 88.0° in MY36. Images shown here are CaSSIS acquisitions (a) MY36_016135_103_0 (b) MY36_016207_079_0 and (c) MY36_016692_079_0. Figure (d) shows a comparison of the ICE-ATM-NPB ratios between the three CaSSIS images at six locations (P1 to P6) in the scenes. A decreasing trend in ICE-ATM-NPB ratios is observed in correlation with gradual defrosting observed in the region.

Figure 12 .

 12 Figure 12. A pair of simulated CaSSIS images showing dust devil tracks on the Russell crater dunes in mid-MY28 between Ls 178.9° and Ls 214.6°. Images shown here are NIR-PAN-BLU composites of simulated CaSSIS cubes dubbed (a) 042AA (pre-change) and (d) 05339 (post-change). It may be noted that Figs. (b) and (e) represent the PAN/BLU spectral ratio map for the pre-change and the post-change image, respectively, while Figs. (c) and (f) represent corresponding PAN/NIR ratio maps.

Figure 13 .

 13 Figure 13. A CaSSIS NPB image (MY34_004952_349_2) showing brighter dust devil tracks in Arabia Terra. Figs. (b) and (c) represent the PAN/BLU ratio map and the PAN/NIR ratio map of the CaSSIS image, respectively.

Fig. 14

 14 Fig. 14 shows the movement of two dome dunes in McLaughlin crater between a CTX image taken in 2008 and a CaSSIS image acquired in 2019. A GIF showing this change is

Figure 14 .

 14 Figure 14. A CaSSIS PAN image showing dome dune migrations observed in McLaughlin crater. These changes were observed through comparisons between a CTX (P22_009814_2015_XI_21N022W) and the PAN band of a CaSSIS image (MY35_008163_159_0), acquired in 2008 and 2019 respectively. The yellow contours indicate the dune boundaries in 2009 and the red contours indicate those in the 2019 image. In this time range, the selected dunes were measured to have migration magnitudes of ~ 16 m toward the south (about 1.45 m/yr). These values are consistent with previous measurements done with HiRISE (Silvestro et al., 2020). A GIF of this change is provided in the supplementary material (Fig S1).

Figure 15 .

 15 Figure 15. Movement of an active dust devil in Terra Sabaea captured between two halves of a CaSSIS stereo pair MY36_020585_187_1 and MY36_020585_187_2. Figs. (a) -(d) show the dust devil in the NIR-PAN-BLU composite, PAN, NIR and BLU filters of MY36_020585_187_1 respectively, while Figs. (e) -(h) show the dust devil in the RED-PAN-BLU colour composite, PAN, RED and BLU filters of MY36_020585_187_2 respectively. Points P1 and P2 denote the initial and successive positions of the dust devil between the two halves of the stereo pair. The yellow arrows show subtle movement of the dust devil between the PAN, NIR and BLU filters in MY36_020585_187_1 and the red arrows show the subtle movement of the dust devil between the PAN, RED and BLU filters in MY36_020585_187_2.

Fig. 15

 15 Fig.15shows an example of an active dust devil in Terra Sabaea tracked between two halves of a stereo pair MY36_020585_175_1 and MY_36_020585_175_2, spaced ~46 seconds apart. The first stereo was acquired with PAN, NIR and BLU filters while the second half of the stereo was acquired with PAN, RED and BLU filters respectively. Slight colour

Figure 1 .

 1 Figure 1. Description and rationale for the various spectral parameters generated for simulated and actual CaSSIS images (modified after Tornabene et al., 2018). Fig (a) shows selected ferric iron bearing (nontronite -ID# CBJB26), ferrous iron bearing (olivine -ID# C10L08) spectra from the CRISM spectral library, and Hapke modeled spectra (Hapke, 1984) for pure H2O with a grain size of 1000 µm at an incidence of 68° (after Becerra et al., 2015). The region shaded in orange describes the sensitivity range of the CaSSIS bands. Fig. (b) shows the equivalent four-point CaSSIS convolved spectra with the dashed vertical lines representing the band-centres of the four CaSSIS bands.
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Figure 4 .

 4 Figure 4. A set of CaSSIS NPB colour infrared composite images (a), (b) and (c) showing recent changes at Gasa crater from MY34 to MY36. The Black arrows represent the new changes identified through the set of CaSSIS images. Images shown here are CaSSIS images (a) MY34_005684_218_1 (b) MY35_012112_221_0 and (c) MY36_019412_217_0. Figures (d)-(f) are Colour Band Ratio Composites (CBRCs) produced from the three CaSSIS images with the combination R: NIR/PAN; G: PAN/BLU; B: PAN/NIR. New changes possess higher PAN/NIR values and hence show up in blue in the CBRC products.
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 9 Figure 9. A pair of simulated CaSSIS NIR-PAN-BLU composite images (a) and (b) showing seasonal frosting and defrosting in the slopes of Sisyphi Cavi between Ls 199 and Ls 227 in MY29. Images shown here are simulated products dubbed (a) 10BB2 (b) 11935. The figure also shows a comparison of the ICE-ATM and PAN/NIR (ferrous) ratios between the two simulated CaSSIS images at five frost-rich (F1 to F5) and five partially defrosted/frost-poor regions (FP1 to FP5).
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Figure 14 .

 14 Figure 14. A CaSSIS PAN image showing dome dune migrations observed in McLaughlin crater. These changes were observed through comparisons between a CTX (P22_009814_2015_XI_21N022W) and the PAN band of a CaSSIS image (MY35_008163_159_0), acquired in 2008 and 2019 respectively. The yellow contours indicate the dune boundaries in 2009 and the red contours indicate those in the 2019 image. In this time range, the selected dunes were measured to have migration magnitudes of ~ 16 m toward the south (about 1.45 m/yr). These values are consistent with previous measurements done with HiRISE (Silvestro et al., 2020). A GIF of this change is provided in the supplementary material (Fig S1).
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Table 1 .

 1 Details of simulated and actual CaSSIS products used in this study

	Sites, location and associated figures	CRISM/CaSSIS Image ID	Coordinated CTX Image ID	Date of Acquisition (yyyy-mm-dd)	Solar Longitude Ls (°)	# Observation Angles (°) i e p	Visible Dust Opacity (τvis)*
			CRISM/ Simulated CaSSIS					
	Gasa crater	FRT0006220	P08_004060_1440	2007-06-08	253.7	43.0	20.8	51.7	0.76
	gullies (35.6S, 129.3E) (Figs. 3-6)	FRT0013F9F FRT001E5A2	B11_014081_1440 G12_022718_1439	2009-07-28 2011-06-01	311.5 303.3	36.7 34.8	19.9 19.4	41.7 36.4	0.44 0.45
	Arabia Terra								
	Slope Streaks (0.1N, 37.9E)	FRT002302D	G20_025965_1801	2012-02-09	68.4	49.8	20.6	55.5	0.17
	(Fig. 7)								
	Daiyang crater	FRT001A24D	G02_018851_1408	2010-08-04	128.0	77.1	20.4	81.3	0.15
	(38.9S, 223.7E) (Fig. 8)	FRT0022078	G18_025365_1408	2011-12-24	47.8	71.4	18.6	68.5	0.11
	Sisyphi Cavi	FRT0010BB2	B05_011752_1115	2009-01-28	199.4	73.0	17.9	77.2	0.25
	(68.4S, 1.3E) (Fig. 9)	FRT0011935	B07_012332_1115	2009-03-14	227.0	60.8	35.6	86.1	0.44
	Russell crater	FRT00042AA	P04_002482_1253	2007-02-05	178.9	72.5	22.4	80.5	0.33
	dunes								
	(54.2S, 12.9E)	FRT0005339	P06_003260_1255	2007-04-07	214.6	59.8	20.5	67.8	0.51
	(Fig. 12)								
			CaSSIS					
	Gasa crater	MY34_005684_218_1	---	2019-03-03	349.8	39.2	14.9	30.9	0.38
	gullies (35.6S, 129.3E)	MY35_012112_221_0	---	2020-08-10	255.6	49.2	7.9	49.0	0.62
	(Fig. 3-4)	MY36_019412_217_0	---	2022-03-31	200.1	40.0	15.0	32.4	0.37
	Arabia Terra								
	Slope Streaks (0.1N, 37.9E)	MY35_013998_358_0	---	2021-01-12	346.5	68.9	14.4	69.8	0.11
	(Fig. 7)								
	Dunes in Aonia	MY34_002476_288_0	---	2018-06-13	192.7	70.9	13.9	84.3	0.26
	Terra								
	(65.4S, 257.4E) (Fig. 10)	MY34_004627_289_0	---	2018-12-06	301.6	52.1	15.7	49.4	0.38
	Icy crater (70.6N, 230.6E)	MY36_016135_103_0 MY36_016207_079_0	------	2021-07-05 2021-07-11	68.1 70.6	47.6 69.3	8.0 9.1	45.2 60.2	0.47 0.48
	(Fig. 11)	MY36_016692_079_0	---	2021-08-20	88.0	80.0	14.9	79.1	0.45

Danielson et al., 1981; Thomas et al., 2017, 2022), before

  

	applying the same procedures, as described
	earlier, for minimizing atmospheric contributions, with the use of empirical or modified DS-
	correction methods. Table 1 provides a summary of the various simulated and actual CaSSIS
	products used in this study, while Table 2 provides details of additional HiRISE and CTX
	products that have been used for further visualization and comparison of changes identified
	from the simulated and actual CaSSIS products.

Table 2 .

 2 Details of additional HiRISE and CTX products used for visualization and comparison in this work

2.1. Change detection methods:

  

	Bright dust								
	devil tracks (9.7S, 239.1E)	MY34_004952_349_2	---	2019-01-02	317.2	15.4	8.7	22.1	0.12
	(Fig. 13)								
	McLaughlin								
	crater dunes (21.6N, 337.4E)	MY35_008163_159_0	---	2019-09-22	83.0	11.7	15.2	12.0	0.39
	(Fig. 14)								
	Active dust devil in Terra	MY36_020585_187_1	---	2022-07-05	259.9	26.6	13.8	36.5	0.65
	Sabaea								
	(5.4S, 21.8E)	MY36_020585_187_2	---	2022-07-05	259.9	26.7	9.2	22.1	0.65
	(Fig. 15)								
	Terrestrial remote sensing studies have established a variety of methods for change	
	detection and monitoring. While qualitative methods like image-to-image comparison are

Sites, location and associated figures, if any HiRISE/CTX Image ID Date of Acquisition (yyyy-mm-dd) Solar Longitude Ls (°) Observation Angles (°) Visible Dust Opacity (τvis) i e p HiRISE

  

	only used for initial identification and assessment, quantitative methods have been the
	choice for most terrestrial change monitoring campaigns. These range from simple
	methods like image differencing (e.g.,						
		ESP_014081_1440	2008-07-28	311.5	37.0	1.0	37.5	0.10
	Gasa crater gullies	ESP_018327_1440	2010-06-24	109.0	77.0	3.7	79.9	0.09
	(35.6S, 129.3E)	ESP_019461_1440	2010-09-20	151.6	71.0	3.7	73.4	0.23
	(Figs. 5-6)	ESP_022718_1440	2011-06-01	303.3	35.0	2.7	32.4	0.38
	Daiyang crater	ESP_018851_1410	2010-08-04	128.0	77.0	7.2	82.2	0.14
	(38.9S, 223.7E) (Fig. 11)	ESP_025365_1410	2011-12-24	47.8	71.0	2.8	69.7	0.11
	McLaughlin	PSP_009814_2020	2008-08-30	119.9	47.8	1.6	49.2	0.47
	crater dunes	ESP_062771_2020	2019-12-17	122.0	46.0	4.8	50.8	0.38
			CTX					
	McLaughlin							
	crater dunes (21.6N, 337.4E)	P22_009814_2015	2008-08-30	119.9	47.8	1.5	49.2	0.47
	(Fig. 10)							

Nelson, 1983; Ridd and Liu, 1998) and

  

	ratioing
	(e.g.,

Angelici et al., 1977; Chavez and Mackinnon, 1994), to

  

	more rigorous approaches
	such as iterated principal component analysis (e.g.,

Fung and LeDrew, 1987; Guirguis et al., 1996, Lu et al., 2004), and

  canonical correlation analyses (e.g.,

Read and Lam, 2002; Canty, 2014). The

  

	primary reasons why such fully quantitative approaches are feasible
	for terrestrial remote sensing are the availability of precisely geometrically corrected
	and co-registered images and accurate atmospheric correction. Typically, atmospheric
	correction modules like the Moderate resolution atmospheric Transmission (MODTRAN)
	(Berk et al., 2014, 2015) and Fast Line-of-sight atmospheric Analysis of Hypercubes
	(FLAASH) (Adler-Golden et al., 1999) are available. This allows to fully account for
	contributions due to path radiance as well as atmospherically scattered contributions,
	thus resolving true surface reflectance values. However, the lack of such accurate
	atmospheric correction models for Mars, coupled with lack of sufficiently co-registered
	images, makes it challenging for direct application of such techniques to Martian change
	detection campaigns.
	While image differencing and ratioing approaches have been used to measure and
	track wind-driven surface changes like the translational movement of dune fields on
	Mars (Fenton,

2006; Bridges et al., 2012; Tornabene et al., 2018), they almost always require the use of ortho-rectified pairs of images, to ensure minimization of topographic image distortion (Munaretto et al., 2021). Ortho-rectified datasets for Mars are rare and may not be available for all change detection sites. Algebraic methods may not always

  

	Additionally, in the context of change detection, the limited roll limits of CaSSIS (+/-5° off
	nadir) (
	be useful, especially for compositional changes between scenes. While convolutional
	neural network based featurization and object detection algorithms have also
	sometimes been used to locate rockfalls from high-resolution images (Bickel et al.,
	2020a; 2020b), this process has still been challenging due to difficulties with variable
	geometry between images. As such, these methods still need to be evaluated to
	integrate and facilitate CaSSIS-based change detection campaigns.
	The primary advantages of CaSSIS images over HiRISE include an additional filter but
	more importantly, a wider swath of colour coverage, and thus an enhanced ability to
	easily detect and highlight colour-associated surface changes across a larger area.

Thomas et al., 2017) as

  compared to HiRISE (up to +/-30° off nadir) (

McEwen et al., 2007) mean

  

	that geometric distortions within CaSSIS images are relatively minimal
	compared to HiRISE images. However, the fact that variable illumination between images
	can be more extreme in CaSSIS due to varying local time of acquisition, makes it important
	to verify the reality of a particular observed change. One approach could be to visually
	compare with a corresponding HiRISE acquisition taken at roughly the same time as the
	CaSSIS image to see if the change also appears in HiRISE. Similar lighting conditions between
	the HiRISE and CaSSIS images used for comparison would permit better interpretations.

Tornabene et al. (2018). Icy

  

	ice, the ICE-ATM parameter designed
	surfaces, over the VNIR range, are predominantly characterized
	by higher overall relative reflectance in all bands, and a rapid downward slope towards 1000
	nm, due to the presence of weaker asymmetric overtone absorptions near 800, 890 and
	1030 nm for water-ice (Tornabene et al., 2021) and are some of the brightest materials on
	the Martian surface. Taking into advantage the aforementioned spectral characteristics of

by Tornabene et al. (

  

et al., 2021; Vijayan et al., 2021). 3.1.1. Gullies: Gullies

  

	Discussion:
	3.1. Slope processes:
	A variety of slope processes occur on Mars, and landforms generated by these
	processes are typically erosional and depositional, and usually characterised by single

events typically in a particular season. Recent works (e.g.,

[START_REF] Dundas | Active Mars: A Dynamic World[END_REF] 

broadly classify slope processes into gully flows, slope streaks, recurring slope lineae (RSL), slumps, rock shifts, and block/rock-falls. Section 3.1.1. will discuss CaSSIS-based methods for gully flow changes, while Section 3.1.2. will discuss those for slope streaks.

Methods for RSL have been previously discussed by Munaretto et al. (2020; 2022) and hence will not be discussed again here. Also, small-scale surface changes due to boulder/rock falls are not discussed here, as the size and magnitude of the tracks left behind by boulder-falls are typically much smaller than the spatial resolution of CaSSIS; as such, they can be confidently identified only from higher resolution imagery like HiRISE and MOC-NA (e.g., Grindrod are geologically young composite landforms that are characterized by an alcove, a channel and a depositional fan (e.g., Conway et al., 2019). On Mars, they have been typically observed poleward of the 30 latitude in both hemispheres, with the gullies being dominantly pole-facing between 30-40, and shifting to more equatorfacing slopes at higher latitudes

[START_REF] Harrison | Global documentation of gullies with the Mars Reconnaissance Orbiter Context Camera and implications for their formation[END_REF]

. While gullies have been found on a variety of features having steep slopes like canyons, valley walls, etc. (e.g.,

[START_REF] Balme | Dust devils on Earth and Mars[END_REF]

; inner walls of impact craters are the most common setting

[START_REF] Conway | Martian gullies: a comprehensive review of observations, mechanisms and insights from Earth analogues[END_REF][START_REF] Harrison | Global documentation of gullies with the Mars Reconnaissance Orbiter Context Camera and implications for their formation[END_REF]

. The discovery of gully-like features on Mars by

[START_REF] Malin | Evidence for Recent Groundwater Seepage and Surface Runoff on Mars[END_REF]

, and the suggestion that they may have formed from liquid water, sparked a series of global gully surveys directed to understand the occurrence and distribution of such features across the planet. Most of these surveys were initially performed on a series of monochromatic Mars Orbiter Camera -Narrow Angle (MOC -NA) images

(Heldmann 

and Mellon, 2004; Heldmann et al., 2007) or

  using a combination of NA and THEMIS VIS images

	(~18 m/px) (Bridges and Lackner, 2006), the Mars Express High Resolution Stereo Camera
	(HRSC) (~12.5-50 m/px) (Balme et al., 2006; Kneissl et al., 2010) and more recently using
	the CTX instrument (~6 m/px) on the Mars Reconnaissance Orbiter (Harrison et al., 2015).
	Progressive increase in spatial resolution of the datasets used for the surveys have allowed
	identification of at least 4861 sites on the surface with gully-like features. Recent works
	(Dundas et al., 2010; 2012; 2015; 2019) have also documented at least 115 sites with recent
	gully activity. None of the global change surveys have provided well-calibrated colour

information associated with these gullies at appropriate scales for interpretation. However, surveys of active gully sites through HiRISE have documented that while some gully deposits do not cause a colour or albedo change, others appear bright/dark, blue or yellow and are very distinct in colour (e.g.,

[START_REF] Dundas | Active Mars: A Dynamic World[END_REF]

. Early spectral studies of gullies from the Observatoire pour la Minéralogie, l'Eau, les Glaces, et l'Activité (OMEGA) instrument (e.g., Fan et al., 2009) pointed towards stronger water signatures associated with gully-exposed sites. Recent analyses based on CRISM (Nunez et al., 2016; Allender and Stepinski, 2018)

show that most gullies are mineralogically indistinct owing to dust mantling, although in cases where potential formation-indicating deposits were identified, they were mostly interpreted to have been associated with hydrated mineral signatures

[START_REF] Allender | Global analysis of gully composition using manual and automated exploration of CRISM imagery[END_REF]

. Therefore, availability of colour information associated with new gully deposits is critical to better understand gully formation mechanisms, and the wider colour coverage of CaSSIS would play an important role in providing such data.

As multiple observations of gullies pointed towards seasonal activity

[START_REF] Harrison | Present-Day Gully Activity Observed by the Mars Reconnaissance Orbiter (MRO) Context Camera (CTX)[END_REF][START_REF] Dundas | New and recent gully activity on Mars as seen by HiRISE: RECENT GULLY ACTIVITY ON MARS[END_REF][START_REF] Murchie | CRISM on MRO-Instrument and investigation overview[END_REF][START_REF] Vincendon | Identification of Mars gully activity types associated with ice composition: ICE COMPOSITION AT ACTIVE MARS GULLIES[END_REF]

, and frost-related deposit formation (e.g., Diniega

et al., 2010; Reiss et al., 2010; Dundas et al., 2010; 2015; 2019; Pasquon et al., 2016; 2019; Raack et al., 2015; 2020

  

), the strategy to monitor these features has evolved to observing them multiple-times within the defrosting season in a single Mars year, in order to better understand and constrain periods of activity. While initial formation mechanisms of these features still remain poorly constrained, CO2 frost has been thought to drive most of the recent changes on the surface, as the timing of all significant flows coincides with local winters (e.g.,

[START_REF] Dundas | Seasonal activity and morphological changes in martian gullies[END_REF][START_REF] Vincendon | Identification of Mars gully activity types associated with ice composition: ICE COMPOSITION AT ACTIVE MARS GULLIES[END_REF] 2019;[START_REF] Raack | Present-day gully activity in Sisyphi Cavi, Mars -Flow-like features and block movements[END_REF]

, when suitable temperatures for CO2 frost sublimation exist.

Table 1 .

 1 Details of simulated and actual CaSSIS products used in this study

	Sites, location and associated figures	CRISM/CaSSIS Image ID	Coordinated CTX Image ID	Date of Acquisition (yyyy-mm-dd)	Solar Longitude Ls (°)	i	e	p	Visible Dust Opacity (τvis)*
			CRISM/ Simulated CaSSIS					
	Gasa crater	FRT0006220	P08_004060_1440	2007-06-08	253.7	43.0	20.8	51.7	0.76
	gullies (35.6S, 129.3E) (Figs. 3-6)	FRT0013F9F FRT001E5A2	B11_014081_1440 G12_022718_1439	2009-07-28 2011-06-01	311.5 303.3	36.7 34.8	19.9 19.4	41.7 36.4	0.44 0.45
	Arabia Terra								
	Slope Streaks (0.1N, 37.9E)	FRT002302D	G20_025965_1801	2012-02-09	68.4	49.8	20.6	55.5	0.17
	(Fig. 7)								
	Daiyang crater	FRT001A24D	G02_018851_1408	2010-08-04	128.0	77.1	20.4	81.3	0.15
	(38.9S, 223.7E) (Fig. 8)	FRT0022078	G18_025365_1408	2011-12-24	47.8	71.4	18.6	68.5	0.11
	Sisyphi Cavi	FRT0010BB2	B05_011752_1115	2009-01-28	199.4	73.0	17.9	77.2	0.25
	(68.4S, 1.3E) (Fig. 9)	FRT0011935	B07_012332_1115	2009-03-14	227.0	60.8	35.6	86.1	0.44
	Russell crater	FRT00042AA	P04_002482_1253	2007-02-05	178.9	72.5	22.4	80.5	0.33
	dunes								
	(54.2S, 12.9E)	FRT0005339	P06_003260_1255	2007-04-07	214.6	59.8	20.5	67.8	0.51
	(Fig. 12)								
			CaSSIS					
	Gasa crater	MY34_005684_218_1	---	2019-03-03	349.8	39.2	14.9	30.9	0.38
	gullies (35.6S, 129.3E)	MY35_012112_221_0	---	2020-08-10	255.6	49.2	7.9	49.0	0.62
	(Fig. 3-4)	MY36_019412_217_0	---	2022-03-31	200.1	40.0	15.0	32.4	0.37
	Arabia Terra								
	Slope Streaks (0.1N, 37.9E)	MY35_013998_358_0	---	2021-01-12	346.5	68.9	14.4	69.8	0.11
	(Fig. 7)								
	Dunes in Aonia	MY34_002476_288_0	---	2018-06-13	192.7	70.9	13.9	84.3	0.26
	Terra								
	(65.4S, 257.4E) (Fig. 10)	MY34_004627_289_0	---	2018-12-06	301.6	52.1	15.7	49.4	0.38
	Icy crater (70.6N, 230.6E)	MY36_016135_103_0 MY36_016207_079_0	------	2021-07-05 2021-07-11	68.1 70.6	47.6 69.3	8.0 9.1	45.2 60.2	0.47 0.48
	(Fig. 11)	MY36_016692_079_0	---	2021-08-20	88.0	80.0	14.9	79.1	0.45
	Bright dust								
	devil tracks (9.7S, 239.1E)	MY34_004952_349_2	---	2019-01-02	317.2	15.4	8.7	22.1	0.12
	(Fig. 13)								
	McLaughlin								
	crater dunes (21.6N, 337.4E)	MY35_008163_159_0	---	2019-09-22	83.0	11.7	15.2	12.0	0.39
	(Fig. 14)								
	Active dust devil in Terra	MY36_020585_187_1	---	2022-07-05	259.9	26.6	13.8	36.5	0.65
	Sabaea								
	(5.4S, 21.8E)	MY36_020585_187_2	---	2022-07-05	259.9	26.7	9.2	22.1	0.65
	(Fig. 15)								

*For Mars Year (MY) 34 and above, average solar climatology scenarios

[START_REF] Madeleine | The influence of radiatively active water ice clouds on the Martian climate: RADIATIVE EFFECT OF MARTIAN CLOUDS[END_REF] 

were used, while corresponding annual dust cycle scenarios were used for MY28 to MY33.

# Observation angles during image acquisition -incidence angle (i), emission angle (e) and phase angle (p) # Observation Angles (°)

Table 1

 1 Click here to access/download;Table (Editable version);Table 1.docx

Table 2 .

 2 Details of additional HiRISE and CTX products used for visualization and comparison in this work

	Sites, location and associated figures, if any	HiRISE/CTX Image ID	Date of Acquisition (yyyy-mm-dd)	Solar Longitude Ls (°)	Observation Angles (°) i e p	Visible Dust Opacity (τvis)
			HiRISE					
		ESP_014081_1440	2008-07-28	311.5	37.0	1.0	37.5	0.10
	Gasa crater gullies	ESP_018327_1440	2010-06-24	109.0	77.0	3.7	79.9	0.09
	(35.6S, 129.3E)	ESP_019461_1440	2010-09-20	151.6	71.0	3.7	73.4	0.23
	(Figs. 5-6)	ESP_022718_1440	2011-06-01	303.3	35.0	2.7	32.4	0.38
	Daiyang crater	ESP_018851_1410	2010-08-04	128.0	77.0	7.2	82.2	0.14
	(38.9S, 223.7E) (Fig. 11)	ESP_025365_1410	2011-12-24	47.8	71.0	2.8	69.7	0.11
	McLaughlin	PSP_009814_2020	2008-08-30	119.9	47.8	1.6	49.2	0.47
	crater dunes	ESP_062771_2020	2019-12-17	122.0	46.0	4.8	50.8	0.38
			CTX					
	McLaughlin							
	crater dunes (21.6N, 337.4E)	P22_009814_2015	2008-08-30	119.9	47.8	1.5	49.2	0.47
	(Fig. 10)							

Table 2

 2 Click here to access/download;Table (Editable version);Table 2.docx

monitoring even diurnal processes in colour. That being said, continuing to jointly monitor present-day active features on the Martian surface with both CaSSIS and HiRISE is pivotal, as CaSSIS detections and assessments of both prominent colour changes can also be used to reposition better target HiRISE colour observations.
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