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Abstract: For planetary surface materials, thermal inertia is the critical property that governs the surface’s daily thermal response and
controls diurnal and seasonal surface temperature variations. Here we use the ground measurements made by the MSL Curiosity rover
and the InSight lander to determine the thermal inertia of two sites on Mars. This study compares the variation of thermal inertia during
and after the Large Dust Storm (LDS) of Martian Year (MY) 34. To determine surface thermal inertia, we derive a simple approximation
(using energy balance), which utilizes surface albedo, surface energy flux, and diurnal change in the surface temperature. The average
thermal inertia in MY34 is about 39.2%, 3.7%, and 3.4% higher than MY35 average thermal inertia for the MSL, InSight (FOV1), and InSight
(FOV2), respectively. Notably, the thermal inertia at the InSight (FOV1) is consistently lower by about 20 J-m-2s-1/2K-1 than the InSight
(FOV?2) site for all scenarios, indicating variation in the region’s surface composition. The best-fit surface albedo in MY34 (determined
using the KRC model) are about 0.08, 0.05, and 0.03 higher than MY35 surface albedo for the MSL, InSight (FOV1), and InSight (FOV2),
respectively. An increase in both surface albedo and thermal inertia during the LDS indicates that the underlying surface is both more

thermally resistant and more reflective than the overlying loose dust.
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1. Introduction

The surface thermal inertia is a crucial property for understanding
the subsurface heat flow of Mars and determining the forcing
function for subsurface temperatures. The near-surface temperat-
ure is highly influenced by surface thermal inertia and albedo
properties, as well as atmospheric dust opacity (e.g., Spiga and
Forget, 2009; Martinez et al., 2014). Apart from impacting near-
surface temperatures, heat flow variations can also affect the plan-
et's internal geodynamics, ice/snow distribution, and processes
such as subsurface melting on Mars (Parro et al., 2017). The sur-
face thermal inertia determines the temperature response of the
surface to incident energy flux. Compared to Earth, Mars’ surface
thermal inertia plays a more significant role in its climate because
the atmospheric density is much lower and the surface also lacks
oceans, which act as heat reservoirs.

Thermal inertia is the capacity of a material to sustain or transmit
heat. For planetary surface materials, thermal inertia is the critical
property that governs the surface’s daily thermal response and
controls diurnal and seasonal surface temperature variations (e.g.,
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Putzig et al., 2005; Vu et al., 2019). The thermal inertia of the plan-
etary surface is typically dependent on the physical properties of
near-surface geologic materials.

The thermal inertia (/) of a surface (J-m=2-s-1/2.K-1) is defined as:
I = koc, (1)

where, k is the bulk thermal conductivity (W-m-1-K-1), p is the bulk
density (kg'm-3), and c is the bulk specific heat capacity (J-
kg~'-K-") of the material.

Generally, thermal inertia (or similar surface properties) are de-
termined via orbiter data for a distant object like Mars with the ad-
vantage of covering the entire planet in a relatively short period of
time. However, this approach also limits our knowledge of local
surface physical properties because of the resolution limitation of
orbiter data. Bulk surface properties like thermal inertia are crucial
for understanding local atmospheric phenomena. The surface
thermal inertia varies significantly over small distances depend-
ing on local topography and composition (Christensen et al.,
2001; Martinez et al., 2014; Mellon et al., 2000; Piqueux et al.,
2019). Previous studies have primarily used complicated and
lengthy numerical models for solving radiative transfer and other
related equations to determine thermal inertia, tuning the model
by varying surface parameters like albedo, thermal inertia, and
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dust opacity to match in-situ temperature measurements.

In this study, we utilize a simplistic energy balance approach (de-
tails in Section 3) to determine the thermal inertia at two Mars
mission sites. This approach does not require knowledge of the
entire radiative transfer solution through the Martian atmosphere,
solving complicated numerical models and the surface’s bulk
properties. Here we analyze the data that includes the Large Dust
Storm (LDS) of MY34 (Guzewich et al.,, 2019; Montabone et al.,
2020; Streeter et al., 2020; Viudez-Moreiras et al., 2020) in compar-
ison to the non-dusty period of MY35 to infer the impact of dust
on the surface thermal inertia. In the subsequent sections, we will
detail the missions and data sources, methodology, the variation
of thermal inertia from dusty to non-dust period, comparison of
observed and model-derived diurnal temperatures, and best-fit al-
bedo variations. Our approach independently determines the
thermal inertia directly from temperature measurements and
does not include any tuning for the surface thermal inertia de-
termination.

2. Mission and Data Description

We use data from the Rover Environmental Monitoring Station
(REMS) instrument onboard the Mars Science Laboratory (MSL)
rover Curiosity (Gomez-Elvira et al., 2012), and the Heat Flow and
Physical Properties Package/Radiometer (HP3/RAD) data onboard
the InSight Lander (Spohn et al., 2018). MSL landed with the Curi-
osity rover in Gale crater (5.4°S, 137.8°E) on 6th August 2012 at sol-
ar longitude (Ls) ~151° (during the late Martian southern hemi-
sphere winter) (Haberle et al., 2014; Savijarvi et al., 2015; Wall,
2012). InSight landed successfully in the western Elysium Planitia
region (4.502°N, 135.623°E) on 26t November 2018 at Ls ~295°
(during the late Martian southern hemisphere summer) (Banerdt
et al.,, 2020; Banfield et al., 2020; Golombek et al., 2020). Figure 1
shows the MSL Curiosity rover and the InSight lander approxim-
ate locations overlaid on the Mars Orbiter Laser Altimeter (MOLA)
topographic map (Smith et al., 1999; Zuber et al., 1992). Figure 1
also depicts some key past and present Mars’ mission locations.
Viking Lander 1 and Viking Lander 2 are indicated as VL1 and VL2,
respectively.
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The REMS instrument onboard MSL measures air temperature,
ground temperature, atmospheric pressure, wind speed and dir-
ection, atmospheric relative humidity, and UV radiation fluxes
(Gémez-Elvira et al., 2012). The REMS instrument collects radiance
in three bandpasses for brightness temperature measurements,
however, only the 8-14 pm bandpass achieves a resolution of 2 K
(or better) and an accuracy of 10 K (or better) from 150 to 300 K
(Gébmez-Elvira et al., 2012; Vasavada et al., 2017).

The purpose of the HP3 instrument is to determine the geotherm-
al heat flow at the landing site. The RAD instrument (Kopp et al.,
2016) augments the HP3 instrument by measuring the surface
brightness temperature that determines the subsurface temperat-
ures’ forcing function. The RAD instrument also has three differ-
ent bandpasses: the primary broad bandpass from 8-14 um, and
the other two filters from 8-10 um & 15-19 um. The primary
broad bandpass is used for retrieving surface temperatures and
the other two filters to resolve any inhomogeneous temperature
distribution (Kopp et al., 2016; Mueller et al., 2020; Spohn et al.,
2018). The effective surface emissivity in the 8-14 um band is
likely to range from 0.95 to 0.99 (Morgan et al., 2018). The RAD in-
strument has a random measurement uncertainty of 4 K at 150 K
brightness temperature, which is less significant than the pos-
sible error from the unknown emissivity (Kopp et al., 2016; Spohn
et al, 2018). The RAD instrument measures brightness temperat-
ures at two different fields of view (FOVs), one close to the lander
(FOV1) and another farther from the lander (FOV2) (Mueller et al.,
2020).

In this study, we utilize MSL brightness temperature data from
Ls = 294° to Ls = 360° for MY34 and from Ls = 0° to Ls = 103° for
MY35 (GOmez-Elvira, 2013a, 2013b). For InSight, we utilize de-
rived surface temperatures from Ls = 304° to Ls = 360° for MY34
and from Ls = 0° to Ls = 127° for MY35. These datasets cover both
the dusty conditions in MY34 and non-dusty conditions in MY35.
Also, analyzing the same time duration from both the missions
enables us to carry out a fair comparison between both missions’
thermal properties. We excluded RAD data (from InSight mission)
with any fraction of lander shadow on either FOV to remove the
effect of shadow on thermal inertia retrievals (Mueller et al., 2020;

180°W  150°W  120°W  90°W 60°W 30°W 0° 30°E 60°E 90°E 120°E  150°E  180°E
60°N 60°N
Qvi2 5 A
30°N L l g 30°N
o 4 1 [ o
"4 , - *}I‘n? ight . )
e F WS I Cppertunity 9 4. 34 T 2, 5 MSL e
= : Bl P g ST ¥ Spiritg
7 e . T = 3
Elevation (km)
. ___IN ! i ! ‘ L
-8 -4 0 4 8 12 16 20

Figure 1. Locations of the MSL Curiosity rover and the InSight lander (both marked as stars) along with some other key landers/rovers past and
present Mars’ missions (marked as circles) on the MOLA topographic map. VL1 and VL2 indicate Viking landers 1 and 2, respectively.
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Piqueux et al., 2019; Spohn et al., 2018).

3. Methodology

The depth at which the thermal wave amplitude is attenuated by
afactor of 1/e is known as the diurnal skin depth. The thermal di-
urnal skin depth is a measure of how far a diurnal surface temper-
ature cycle penetrates the surface. The diurnal skin depth (8) of a
surface is defined as e.g., (Jakosky, 1986; Putzig and Mellon, 2007;
Hamm et al., 2018; Vu et al., 2019):

kP I [P
‘5:Vﬁ:ﬂ; @

where P is the period of the insolation cycle (88640 sec for Mars).

The total energy absorbed by the surface during the day is given
as (Martinez et al., 2014; Tian et al., 2015; Wang et al., 2010):

Qapbs = PCOAT = IAT@, (3)

where AT is the diurnal amplitude of surface temperature (day-
night temperature difference).

For a surface with albedo a, the total absorbed solar flux at the
surface (using energy balance) would be given as:

Fabs=(1_a)F0/ (4)

where F, is the daily mean incident solar energy flux (W-m-2). The
total energy absorbed by the surface during a sol can also be giv-
enas:

Qabs = FabsP, (5)
Qaps = (1= a) FoP. (6)

Using Equations (3) and (6), the thermal inertia of a surface can be
derived as,

(1 —a)Fo\/E

I= AT

7
Equation (7) provides a simple approximation of the surface
thermal inertia in terms of surface albedo, incident solar energy
flux, and diurnal change in the surface temperature. Therefore,
thermal inertia can be determined if simultaneous surface energy
flux and surface temperature measurements are available.

The KRC is a 1-D numerical thermal model that has been extens-
ively used to estimate planetary surface temperatures (Kieffer,
2013; Vasavada et al., 2017). The KRC model uses thermal inertia,
albedo, elevation, slope, and zonal climate to compute both
diurnal and annual average surface temperatures (Kieffer,
2013). KRC solves the heat diffusion equation and accounts for
first-order effects of the atmosphere. For this study, we use
thermal inertia (previously known) values of 403 J-m-2:s-1/2.K-1 and
228 J-m2s1/2K-1 for MSL and InSight sites, respectively (e.g.,
Christensen and Moore, 1992; Jakosky et al., 2000; Mellon et al.,
2000). Also, we use a surface albedo of 0.2 and 0.23 for MSL and
InSight sites, respectively (Christensen et al., 2001; Pleskot and
Miner, 1981).

First, we retrieve the surface temperatures using observation data
at both MSL and InSight sites. Next, we utilize the incident solar
energy flux from the Mars Climate Database v5.3 (MCD) for this

study’s duration. The MCD outputs are available freely and are de-
rived using the Laboratoire de Météorologie Dynamique Mars
GCM (hereafter MGCM) (Forget et al., 1998, 1999; Lefevre et al.,
2004; Madeleine et al., 2011; Navarro et al., 2014; Pottier et al.,
2017; Singh, 2020; Singh et al., 2018). The MGCM is a 3-D General
Circulation Model that simulates the physical and chemical state
of the Martian atmosphere. The model incorporates various phys-
ical and chemical schemes such as the CO, (Forget et al., 1998,
1999), water (Navarro et al., 2014), dust cycles (Madeleine et al.,
2011; Wolff et al., 2006, 2009, 2010), and a photochemical module
(Lefevre et al., 2004).

To estimate the surface thermal inertia using Equation (7), we dir-
ectly use the MCD outputs (without solving any radiative transfer),
surface temperatures from the observation data, and previously
known surface albedo. Next, we utilize the KRC model to determ-
ine the diurnal temperature variation for each Martian sol in our
study using previously known thermal inertia values and the
newly estimated thermal inertia values in this study. Finally, we
compare observed diurnal temperature variation with previously
known and new thermal inertia diurnal temperature profile estim-
ates. A graphical representation of the basic algorithm used in our
analysis is shown in Figure 2.

4. Results and Discussion

The determination of surface thermal inertia (using Equation (7))
primarily depends on three parameters: incident solar energy flux,
surface albedo, and diurnal temperature variation. The observed
diurnal temperature variation (for selected Ls) for the MSL rover
site and InSight lander site are shown in Figure 3. As expected, the
local temperature changes with the position of the Sun in the sky.
The temperature peaks around noon or early-afternoon hours
(LTST ~12-15) and has the lowest value during the early-morning
hours (LTST ~6-8). During the late afternoon (LTST ~14-16) hours,
we observe a few missing data points in the observed surface
temperatures for FOV1 at the InSight mission site because of more
frequent passes of the lander shadow (as FOV1 is closer to the
lander as compared to FOV2). However, sufficient peak and low-
est temperature values were available to compute the diurnal
amplitude (AT) of the surface temperature. Table 1 lists the diurn-
al amplitude (AT) of the surface temperature for selected sols
(Figure 3). Generally, AT is smaller for dust season (MY34) as com-
pared to the non-dusty season (MY35). The significance of this will
be discussed in Subsection 4.2.

4.1 Dust Opacity and Surface Flux

Figure 4 depicts the column dust optical depth (CDOD) for both
mission sites for MY34 using the Mars Climate Sounder (MCS) ob-
servations onboard Mars Reconnaissance Orbiter (Montabone et
al., 2015, 2020). Due to the LDS (Guzewich et al, 2019; Monta-
bone et al., 2020; Streeter et al., 2020; Viudez-Moreiras et al., 2020),
showing that the dust activity during late MY34 (from ~Ls = 320°
to Ls = 340°) is much higher. The amount of dust in the atmo-
sphere impacts the energy flux reaching the surface. Therefore,
the maximum (or minimum) surface temperatures for MY34 are
higher than MY35 by about 11.0 (12.7) K, 5.4 (3.4) K, and 10.5 (3.4)
K for MSL, InSight (FOV1), and InSight (FOV2), respectively. The in-

Singh D. et al.: Thermal inertia at the MSL and InSight mission sites on Mars



Retrieved surface
temperature from
observations of
MSL and InSight

Incident solar energy
flux at surface from
MCD

Determine thermal
inertia using
Equation (7)

Determine diurnal
temperature variation

Best-fit surface albedo
for MSL and InSight
sites by minimizing the

Earth and Planetary Physics  doi: 10.26464/epp2022004 21

Surface albedo and
thermal inertia for
MSL and InSight
sites from literature

Surface albedo for
MSL and InSight
sites from literature

Determine diurnal
temperature variation
using KRC model
(KRC)

RMSE

Compare observed, KRC

using KRC model
(KRC (corr))

and KRC (corr) diurnal
temperature profiles

Figure 2. Flowchart of the methodology.
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Figure 3. Variation of the surface temperature (for selected Ls) with Local True Solar Time (LTST). The left panel shows the surface temperature
variation for MY34, and the right panel shows the surface temperature variation for MY35. Top row plots indicate the surface temperatures of the
MSL rover site, while middle and bottom row plots indicate the surface temperatures of FOV1 and FOV2 for the InSight lander site.

cident solar energy flux at the surface is significantly impacted by
the dust opacity of the atmosphere, thus any changes would af-
fect surface temperature variation.

4.2 Thermal Inertia Calculations

Figure 5 depicts the estimated thermal inertia using Equation (5)
for the MSL and InSight FOV1/2, showing a rise in the surface
thermal inertia for all sites during high dust activity compared to
the non-dusty season. This is expected as the AT shows the in-

verse trend for the same (Table 1). The average thermal inertia in
MY34 is about 444, 162, and 184 J-m-2s-1/2K-1 for the MSL, In-
Sight (FOV1), and InSight (FOV2), respectively versus MY35 is
about 319, 157, and 178 Jm=2s-V2K-! for the same locations.
When the dust storm lifts dust from the surface, the underlying
surface with high thermal inertia gets exposed. This indicates that
the loose dust has much lower thermal inertia compared to un-
derlying rocks. Therefore, dust plays a significant role in determin-
ing a planet’s surface thermal response to solar flux.

Singh D. et al.: Thermal inertia at the MSL and InSight mission sites on Mars
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Table 1. Diurnal amplitude (AT) of the surface temperature (K) for
selected sols (Figure 3).

MY34
Ls (%) MSL Ls (%) InSight (FOV1) InSight (FOV2)
305 114.24 338 102.87 92.03
325 99.55 341 105.99 93.24
332 113.77 342 100.71 90.09
337 146.86 351 106.54 93.38
356 151.84 356 108.04 93.66
358 143.93 358 108.94 94.39
MY35
Ls (°) MSL Ls (°) InSight (FOV1) InSight (FOV2)
3 156.14 3 109.37 94.65
25 171.08 20 108.32 91.94
48 203.57 47 118.23 106.21
63 171.38 65 108.23 91.82
92 185.35 103 110.63 95.71
103 163.55 121 109.58 92.19

The estimated thermal inertia values at the MSL site are consist-
ent with previous measurements (Hamilton et al.,, 2014; Martinez
et al., 2014; Pelkey and Jakosky, 2002). However, at the InSight
site, the estimated thermal inertia values during the non-dusty
period are much lower than the previously known thermal inertia
values (Christensen and Moore, 1992; Jakosky et al., 2000; Mellon
et al., 2000). The previously known thermal inertia are estimated
using orbiter data, which generally have much coarser resolution
compared to the point measurements made by rovers and

—InSight
—MSL

0 60 120 180 240 300 360
Ls ()

Figure 4. Column dust optical depth (CDOD) for each landing site for
MY34 using the MCS observations. GDS and LDS represent Global
Dust Storm and Large Dust Storm for MY34, respectively.

landers. Also, rovers and landers can track local seasonal and dy-
namic changes more efficiently throughout the year. However,
the orbiters only get a glance at a particular site when passing dir-
ectly over the site in orbit. Interestingly, the thermal inertia of
FOV2 is generally higher than FOV1 for the InSight landing site-
on average, the thermal inertia of FOV2 is higher by about 20
J-m-2.s-172.K-1 for the entire duration. This could be due to the
FOV2 sensor capturing more surface area and looking further
away from the lander than the FOV1 sensor.

4.3 Temperature Profile Comparison with the KRC Model

Figures 6—-8 show the comparison of observed diurnal temperat-
ure profiles with the KRC-computed diurnal temperature profiles
for the MSL, InSight FOV1, and InSight FOV2 regions, respectively,
using previously known thermal inertia and surface albedo values
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Figure 5. Estimated thermal inertia using Equation (7) and observed surface temperatures. The black dotted line indicates the boundary

between MY34 and MY35.
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Figure 6. Comparison of observed diurnal temperature profiles at the MSL site with computed temperature profiles from the KRC model. The
dotted-line profiles (KRC) are computed using previously known thermal inertia values. The solid-line profiles (KRC (corr)) are computed using

new estimated thermal inertia values in this study.
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Figure 7. Same as Figure 6, but for InSight FOV1.
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Table 2. Best-fit surface albedo for the KRC (corr) temperature

Table 3. Comparison of RMSE values between the default scenario

profiles. and the best-fit scenario. All values are in Kelvin.
MY34 MY35 Default Scenario Best-fit Scenario
MSL 0.18 0.10 MY34 MY35 MY34 MY35
InSight (FOV1) 0.23 0.18 MSL 10.34 8.89 7.02 444
InSight (FOV2) 0.18 0.15 InSight (FOV1) 4.75 7.2 4.26 5.54
InSight (FOV2) 3.76 6.4 311 493

(Section 3). The KRC (corr) profiles use estimated thermal inertia
computed in this study and surface albedo measurements which
best fit observations. The Root Mean Squared Error (RMSE) is min-
imized between the observed data and the model output to de-
termine the best-fit surface albedo for the KRC (corr) temperature
profiles, listed in Table 2. The surface albedo also increases during
the LDS, following a similar trend as the surface thermal inertia,
which indicates that the underlying surface is also more reflective
than the loose dust cover on the top. The best-fit surface albedo
of FOV1 is higher than that of FOV2 for all scenarios. Differences in
surface albedo and thermal inertia for such nearby areas indicate
significant variation in the bulk surface composition in the region,
even for small distances.

Table 3 compares the RMSE temperature profile values between
the default scenario and the best-fit scenario, where the former
utilizes the previously known thermal inertia and surface albedo
values. The MSL site observes a significant reduction in RMSE val-
ues in the best-fit scenario compared to the InSight sites. The im-
provement is not as considerable at InSight sites as the MSL site
because of a significant amount of missing data. In MY34, the
RMSE drops by about 32%, 19%, and 17% for the MSL, InSight
(FOV1), and InSight (FOV2), respectively, whereas in MY35, the

RMSE drops by about 50%, 23%, and 23% for these respective
sites.

4.4 Error Analysis

The error in the thermal inertia determination is caused mainly by
the uncertainties in the surface albedo, incident solar energy flux,
and surface temperature retrievals. We estimate an overall error of
about 5%-7% in the thermal inertia calculations, while the uncer-
tainty in dust retrievals primarily causes the error in the incident
solar flux determination. The retrieved dust CDOD has an uncer-
tainty of ~5% (Montabone et al., 2020), leading to the same uncer-
tainty in the incident thermal flux estimation. The surface albedo
retrievals have an error ranging from about 2%-5% (Christensen
et al.,, 2001; Martinez et al., 2014; Pleskot and Miner, 1981). The
surface temperature retrievals have an uncertainty of about 1.3%
at the MSL site and 2.67% at the InSight site (Gomez-Elvira et al.,
2012; Kopp et al.,, 2016; Spohn et al.,, 2018). However, the error
caused due to temperature retrievals is almost negligible because
Equation (7) utilizes the temperature change (instead of exact
temperature values) in thermal inertia determination for a particu-
lar sol.
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5. Conclusions

The thermal inertia of a material depends on the material’s bulk
properties, namely, thermal conductivity, density, and specific
heat capacity. In this study, we have estimated the surface
thermal inertia of the Martian surface at the MSL rover site and the
InSight lander’s two different FOVs. Both mission sites observe a
significant drop in the incident solar flux during the MY34 LDS. We
utilize a simple derivation (Equation (7)) incorporating surface al-
bedo, incident solar energy flux, and diurnal temperature change
for the surface thermal inertia determination. The current ap-
proach provides thermal inertia values with reasonable accuracy,
all without knowing the entire radiative transfer solution through
the Martian atmosphere nor solving complicated numerical mod-
els. The drawback of this approach is it relies heavily on daily tem-
perature measurements (maximum and minimum) and surface
flux estimation. In some scenarios, when crucial temperature data
is either missing (due to instrumental shutdown) or unreliable due
to a malfunction, then the thermal inertia estimates would be er-
roneous by the same order.

We have compared the thermal inertia during dusty (MY34) and
non-dusty (MY35) periods of Mars, which includes the LDS during
MY34. The thermal inertia of all three sites shows a significant in-
crease during the dusty period, indicating exposure of underlying
rocks during the LDS. The average thermal inertia in MY34 is
about 39.2%, 3.7%, and 3.4% higher than MY35 average thermal
inertia for the MSL, InSight FOV1, and FOV?2, respectively. The rel-
atively significant change at the MSL site could probably be
caused due to topographical effects at the respective location.
The estimated thermal inertia values during the non-dusty season
at the MSL site are consistent with previous studies. However,
thermal inertia values at the InSight sites are much lower than
previously known values, and the average thermal inertia (non-
dusty season) at the FOV1 region is consistently lower by about
12% than the FOV2 region.

In this study, we compare the diurnal surface temperature vari-
ation using the KRC model with previously known and estimated
thermal inertia. We also perform a best-fit analysis between the
observed and the estimated temperature variation by varying the
surface albedo for both sites. The surface albedo also increases
during the LDS, indicating that the underlying surface is both
more thermally resistant and more reflective than the overlying
loose dust. The best-fit surface albedo of FOV1 is about 28% and
20% higher than FOV1 surface albedo for MY34 and MY35, re-
spectively. Although the FOV1 and FOV2 regions are relatively
close to each other, surface albedo and thermal inertia differ-
ences indicate significant variation in the region’s bulk surface
composition, even for small distances. The surface bulk properties
play a significant role in a planet’s energy budget. The improve-
ment in RMSE is not as considerable at the InSight sites as the MSL
site because of a significant amount of missing data. In the future,
the surface thermal inertia and surface albedo could be better
constrained with more data availability.

Data Availability
The REMS and HP3/RAD data are publicly available at https://pds-
atmospheres.nmsu.edu/data_and_services/atmospheres_data/M
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ARS/curiosity/rems.html and https://doi.org/10.17189/1517568,
respectively. The web version of Mars Climate Database v5.3 cre-
ated using the MGCM can be interactively accessed on the web at:
http://www-mars.Imd.jussieu.fr/mars/access.html. The output/de-
rived results data in this work are available at https://github.com/
sdeepak88/thermal_inertia_2021.
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