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Abstract: China’s first Mars rover, Zhurong, successfully landed in the south of Utopia Planitia. The surface water content at the landing
area can provide constraints on mineral formation conditions and help us better understand the evolution of the Martian aqueous and
geological environment. In this work, the surface kinetic temperature of the Zhurong landing area was derived by analyzing data from
the Mars Express Observatoire pour la Minéralogie, I'Eau, les Glaces et I'Activité (OMEGA) spectrometer. Using the Discrete Ordinate
Radiative Transfer (DISORT) model, we performed atmospheric correction and thermal correction for the OMEGA data to obtain the
surface effective single-particle absorption thickness (ESPAT) parameter to evaluate the surface water content. The surface water content
distribution at the landing area was relatively uniform at a lateral scale of ~10 km. At the Zhurong landing site, the surface water content
in the topmost layer (a few hundred micrometers) of the regolith was 5—8 weight percent water (wt% H,0), assuming surface particle
sizes of <45 um, or 1.6—2.5 wt% H,0, assuming surface particle sizes in the range of 125-250 um. The Mars Surface Composition Detector
(MarSCoDe) onboard Zhurong also observed significant H,O/OH signals in the landing area. Our results provide an important regional
context for the hydration state of the area and can be further verified by the H content derived from the Laser-Induced Breakdown

Spectrometer (LIBS) data of MarSCoDe.
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1. Introduction

Water plays an important role in planetary evolution and is one of
the key parameters for planetary habitability. The data from early
telescopes and Image Spectrometer for Mars observed wide
absorption in the ~3 um wavelength range of Martian spectra,
which was attributed to aqueous materials on the surface of Mars
(Houck et al., 1973; Bibring et al., 1989; Yen et al., 1998; Murchie
et al., 2000). In recent years, the Observatoire pour la Minéralogie,
I'Eau, les Glaces et I'Activité (OMEGA) onboard the Mars Express
and the Compact Reconnaissance Imaging Spectrometer for Mars
onboard the Mars Reconnaissance Orbiter have acquired large
amounts of Martian visible and near- to mid-infrared spectra,
whose absorptions near ~1.4, ~1.9, and ~3.0 um have been used
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to identify hydrated minerals (Bibring et al., 2006; Mustard et al.,
2008; Liu Y et al.,, 2012, 2016). Most of the aforementioned water
studies are largely qualitative, whereas the surface water content
can be further quantified according to the depth of spectral
absorption. Initial work attempted to quantify and estimate the
surface water content with an apparent absorbance depth near
~3 um by using the data from Image Spectrometer for Mars (Yen
et al., 1998). However, uncertainties of the model were up to
~2 weight percent water (wt% H,0), and this method did not
control for the particle size and albedo of surface materials. The
water content inversion parameters of the same material with
different particle sizes and albedos are different (Milliken and
Mustard, 2005, 20074, b). Milliken and Mustard (2005) investigated
the relationship between water content and various optical
parameters at ~1.9 and ~2.9 pm. The absorption at ~2.9 um was
strongly correlated with the absolute water content, whereas the
correlation was weaker at ~1.9 pm. Milliken et al. (2007) and
Jouglet et al. (2007) performed quantitative spectral analyses of
the OMEGA data based on the relationship at ~2.9 pum and
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derived the water content distribution in some areas of the
Martian surface. Their results showed seasonal variations in water
content on the Martian surface. The Martian global surface water
content assessment by Audouard et al. (2014) showed a slightly
different conclusion, however, and in their study, they suggested
that the seasonal variation observed previously was probably
caused by the effect of water-ice clouds.

Ground-based validation can greatly improve the reliability of the
model. For example, the Sample Analysis at Mars instrument
onboard Curiosity at the Gale crater (Leshin et al., 2013; Sutter
et al., 2017) provided the ground-truth water content (~1-3 wt%)
to be used for comparison with the orbital data. Liu Y et al. (2020)
used the more advanced Discrete Ordinate Radiative Transfer
(DISORT) model to make an atmospheric correction to the OMEGA
data and obtained the surface water content at the Gale crater.
The surface water content derived from OMEGA data was slightly
higher than, but mostly consistent with, the results obtained by
Curiosity, which suggests that the method of retrieving the
surface water content by using orbital remote sensing data is
effective. However, caution should be exercised when using these
results.

On May 15, 2021, the Tianwen-1 Zhurong rover successfully
landed on Utopia Planitia at 25.066°N, 109.925°E (Liu JJ et al,,
2022), providing another excellent opportunity to verify the
surface water content inversion method with orbital data. Utopia
Planitia is covered with a layer of Hesperian-aged Vastitas Borealis
Formation materials (Tanaka and Scott, 1987). These Vastitas Bore-
alis Formation materials have been speculated to be sediment
from past flood events (Tanaka et al, 2005) or sublimation
residues from an ancient ocean (Kreslavsky and Head, 2002). The
landing area is located in the south of the Utopia Planitia, which
has a geological age of ~3.34 to 3.68 Ga (Wu X et al., 2021). It
contains some layered ejecta craters, giant polygons, and pitted
cones (Wu X etal., 2021; Huang H et al., 2023), and these formations
have been interpreted to be caused by subsurface water, water
ice, or both (Barlow and Perez, 2003; lvanov et al., 2014; Li L et al.,
2015). LiuY et al. (2022) identified hydrated sulfate or silica minerals
at the surface of the landing site based on new data from the
Zhurong. The surface water content at the landing area could
provide important constraints on the formation mechanism of
minerals and help us better understand the evolution of the aque-
ous and geological environments in Utopia Planitia.

In this work, we used the DISORT model (Stamnes et al., 1988) to
perform an atmospheric correction for OMEGA I/F data (where [ is
radiance and =F is the solar irradiance received at the top of the
atmosphere), and we retrieved the surface single scattering
albedo (SSA) spectra. By assessing the spectral absorption
depth at ~2.9 um, we estimated the surface water content at the
Zhurong landing area. We then discuss the results and the factors
that influenced them. Finally, results from our analysis of
Zhurong's Short-Wave Infrared Spectrometer (SWIR) and Laser-
Induced Breakdown Spectrometer (LIBS) data are given to
compare with the orbital observations. The paper is organized as
follows. Section 2 introduces the data sets and the processing and
inversion methods. Results and discussion of the derived surface

water content are presented in Section 3. The conclusions are
drawn in Section 4.

2. Data Sets and Methodology

2.1 Data Sets

The OMEGA spectrometer is one of the instruments onboard the
Mars Express. It contains 352 spectral elements and can be
divided into three channels: the V channel (0.35-1.05 um), the C
channel (1.00-2.77 pm), and the L channel (2.65-5.10 um). The
spectrometer can obtain the reflectance spectra of the topmost
layer (about a few hundred micrometers) of the Martian surface
(Milliken et al., 2007). The spatial resolution of the instrument is
between 300 and 3,000 m, depending on the orbital altitude and
detection mode (Bibring et al,, 2004). The instrument obtained
valid data from 2004 to 2010, covering three Martian years (MY).
After 2010, data from the C channel and the L channel were no
longer available because of the depletion of coolant. Two OMEGA
data sets covering the Zhurong landing site and the surrounding
region were selected to retrieve the surface water content.
Figure 1 shows the footprint of these two OMEGA data sets. The
left swath is orb0973_5, with a spatial resolution of ~0.7 km/pixel,
acquired at 15:48 local time in the northern hemisphere summer,
covering the Zhurong landing site. The right swath is orb2257_4,
with a spatial resolution of ~1.7 km/pixel, acquired at 12:30 local
time in the northern hemisphere winter, covering the area close
to the Zhurong landing site. The OMEGA data were preprocessed
as I/F from the radiance and were corrected for north-south shift
of the L and C channels.
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Figure 1. Mosaic map of OMEGA (Observatoire pour la Minéralogie,
I'Eau, les Glaces et I'Activité) albedo data at 2.32 um covering the
landing site (red cross symbol) and surrounding area. The swaths on
the left and right are orb0973_5 and orb2257_4, respectively,
superimposed on the THEMIS (Thermal Emission Imaging System)
map. The black dashed box indicates the area shown in Figures 2
and 4.
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2.2 Atmospheric Correction

The spectra received by the orbiter are inevitably disturbed by the
Martian atmosphere. To obtain the true surface reflectance, it is
necessary to remove the contributions of atmospheric gases and
aerosols. The traditional atmospheric correction method is an
empirical method called the “volcano scan” (e.g., Bibring et al.,
2005; Gendrin et al., 2005; Milliken et al., 2007). It removes the
contribution of gases in the atmosphere by dividing the orbital
spectrum by a scaled standard transmission spectrum. The stan-
dard atmospheric spectrum is obtained by dividing the spectrum
at the top of Olympus Mons by the spectra at the bottom. The
scaled ratio depends on the CO, absorption depth at ~2.0 um.
However, the volcano-scan method does not consider the influ-
ence of aerosols (such as water ice and dust) and other complex
variations of the Martian atmosphere (McGuire et al., 2008).

In this study, we used the DISORT model to remove the contribu-
tions of the Martian atmosphere. The DISORT model is based on
the first principle and can simulate the transmission of solar radia-
tion through the Martian atmosphere under given observational
conditions (Stamnes et al., 1988; Wolff et al., 2009). The physical
processes of simulation include the scattering, absorption and
thermal emission of gases and aerosols, as well as bidirectional
reflection from the surface. Because of the lack of corresponding
atmospheric parameters when obtaining the OMEGA data, the
temperatures and pressure for each layer of atmosphere and for
the aerosol parameters (i.e., ice optical depth and dust optical
depth) used in the DISORT model were derived from historical
data of the Thermal Emission Spectrometer (TES) at the same
longitude, latitude, and solar longitude (Ls; Smith, 2004). More
detailed information used in the DISORT model is shown in Table
1. The historical optical depth of ice derived from TES data for
orb0973_5 in the Zhurong landing area is as high as 0.09, suggest-
ing that the atmosphere may have a high concentration of water-
ice aerosol when the Ls is 104.2°. As described by Audouard et al.
(2014), we used the ice cloud index (ICl) proposed by Langevin
et al. (2007) to assess the abundance of water-ice clouds, which
could be calculated directly from the OMEGA data sets. Madeleine
et al. (2012) suggested an ICl value of <0.8 as the threshold for
water-ice cloud detection. The ICl value of orb0973_5 was ~0.74,
indicating that the water-ice cloud was indeed present when the
data were collected. Therefore, the correction for water-ice

Table 1. Information on the OMEGA data parameters used in the
DISORT model.2

OMEGA data ID orb0973_5 orb2257_4
Solar longitude 104.2° 307.4°
Subsolar latitude 24.4°N 19.8°S
Incidence angle 52.3° 46.5°
emission angle 0.4° 1.5°
Phase angle 52.4° 45.7°
Surface pressure 7.70 hPa 8.63 hPa
Dust optical depth 0.09 0.20
Ice optical depth 0.09 0.02

aOMEGA, Observatoire pour la Minéralogie, I'Eau, les Glaces et
I'Activité; DISORT, Discrete Ordinate Radiative Transfer.

Earth and Planetary Physics  doi: 10.26464/epp2023035 349

aerosol was necessary.

The following Hapke functions (Hapke, 2012) were utilized to
model surface bidirectional reflection processes:

fli..9) = 5 e {[1 +Ba)]p (o) + Hio) ) - 1}s(ie.g), (1)
where rf is the radiance factor; i, e, g are incidence angles, emission
angles, and phase angles, respectively, obtained from the OMEGA
observation file; w is a single-particle scattering albedo, defined as
the ratio of scattering efficiency to the sum of absorption efficiency
and scattering efficiency; y, and u are the cos(i) and cos(e), respec-
tively. The remaining part describes the surface properties, and
we used the same parameters as Liu Y et al. (2020). Variable B(g) is
a function of the opposition effect, which describes the brightness
surge at zero phase angle; p(g) is a phase function describing the
single-particle scattering distribution; H(x) describes the multiple
scattering; and S(i, e, g) is the shadow function defined by a
macroscopic roughness parameter 6. The lookup table built from
the simulated results could be used to perform the atmospheric
correction process.

2.3 Surface Temperature Inversion and Thermal
Correction

The surface thermal emission can also influence the orbital spec-
tra. For the OMEGA L channel, the thermal radiation is not negligi-
ble (Liu Y et al., 2012). The planet can be approximated as a black
body whose thermal radiation is related only to its temperature.
Therefore, if the surface temperature of the planet is given, the
surface thermal emission can be approximated by Planck’s law.
Smith (2004) retrieved the Martian global surface temperature
between MY24 and MY26 by using infrared spectra from the TES.
However, its resolution was too low and was not time sensitive. In
this study, we used a method to invert the corresponding surface
temperature from OMEGA spectra (Jouglet et al., 2007; Milliken
et al, 2007). The spectra near ~5 um were less influenced by the
atmosphere, and the contribution of the Martian surface thermal
radiation to the orbital spectrum was relatively significant. There-
fore, the orbital spectrum near ~5 um could be considered to be
approximately composed of a solar reflection spectrum and a
surface thermal radiation spectrum:

I = FuoR + cB(T), )

where [ is the radiance; F is the solar incident irradiance divided by
; Uy is the cosine of the incident angle; R and € are the reflectance
and emissivity of the surface, respectively; and B is the thermal
emission radiance, which is a function of the surface kinetic
temperature T. According to Kirchhoff's law, ¢ is supposed to be
equal to 1-R. If the reflectance is known, then the surface temper-
ature can be retrieved. There is a linear relationship between
reflectance at 5 um and reflectance at 2.5 um (Jouglet et al., 2007;
Milliken et al., 2007), whereas the reflectance at 2.5 um can be
obtained from the OMEGA C channel after atmospheric correction
by using DISORT. This method allowed us to acquire the kinetic
temperature of each pixel for the OMEGA data, and the total
uncertainty of this method was ~4 K (Jouglet et al., 2007). After
obtaining the surface temperature, we added the contribution of
the Martian surface thermal emission into the DISORT simulation
to build a lookup table to derive the surface SSA spectra.

Zhou X and Liu Y et al.: Estimation of surface water content at the Tianwen-1 Zhurong landing site
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2.4 Surface Water Content Estimation
The bending and stretching vibrations of H,O, OH, or both
produce absorption signatures near ~3 um (Dyar et al., 2010). The
absorption depth of the spectrum can be used to estimate the
water content. From the laboratory results of the dehydration of
hydrous minerals, Milliken and Mustard (2005, 2007a, b) obtained
the relationships between several band parameters and the water
content of aqueous minerals. They found an approximately linear
relationship between the effective single-particle absorption
thickness (ESPAT) parameters at ~2.9 pum and the water weight
percentage, which could be expressed as wt% = A x ESPAT,
where A is a parameter related to the mineral composition and
particle size. As in previous studies (Audouard et al.,, 2014, Liu Y
et al,, 2020), we applied an A of 4.17. It should be noted that an A
of 4,17 corresponds to a particle size of < 45 um (Milliken and
Mustard, 2005, 2007a). The ESPAT parameter was defined as the
ratio of the absorption efficiency to the scattering efficiency. This
parameter relates the relative absorption to the optical path
length and can be calculated by SSA w (Hapke 2012),
1-w

ESPAT = ——. (3)
The SSA w is affected by the apparent spectral intensity and
cannot directly reflect the absolute absorption depth of either
H,O or OH. Therefore, the SSA used was continuum removed.
Consistent with previous studies, the continuum was defined by
the value of the SSA at 2.35 and 3.7 um because these two spectral
bands are almost unaffected by water (Milliken and Mustard,
2007a; Audouard et al., 2014 ).

3. Results and Discussion

3.1 Surface Temperatures and SSA at the Zhurong
Landing Site

The surface kinetic temperatures were derived from the OMEGA

data and are shown in Figure 2. Figure 2a shows the mosaic
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temperature map for the swath of orb0973_5, which was
obtained in the Martian northern hemisphere summer. The
temperature range of the region was between 247 and 253 K at
the local time of ~15:48. Figure 2b shows the mosaic temperature
map of orb2257_4 at the time of the northern hemisphere winter.

We obtained the SSA spectrum based on the retrieved temperature
map and the DISORT model. Figure 3a shows the uncorrected I/F
spectra obtained by OMEGA. The spectra had significant atmo-
spheric contamination, such as CO, absorption at ~1.6, ~2.0, and
~2.6 um and water-ice aerosol absorption at ~1.5 um. At wave-
lengths of >2.5 um, thermal emission from the Martian surface
also increased the intensity of reflectance detected by the OMEGA
instrument. Figure 3b shows the SSA spectra after DISORT atmo-
spheric and thermal corrections. The red line is the spectrum at
the landing site in Figure 2a, and the blue line is the spectrum
closest to the landing site in Figure 2b. The spectrum at the landing
site shows a strong water absorption feature at ~3.0 um, suggest-
ing that the surface water content near the landing site may be
relatively high.

3.2 Surface Water Content at the Zhurong Landing Site
From the derived SSA spectra and using the method described in
Section 2.4, we evaluated the surface water content of the area
within 1° x 1° covering the landing site (Figure 4). In summer, the
surface water content of the area around the landing site at the
topmost layer (about a few hundred micrometers) of the Martian
regolith was ~7-8 wt%, with an uncertainty of 0.5-1 wt%. The
discrepancy of the surface water content in the overlap area
between the summer and winter data sets was ~0.5 wt%. Previous
work by Audouard et al. (2014) showed that seasonal variation of
the water weight percentage at 25°N was ~1 wt%. Thus, consider-
ing the uncertainty of our method, the seasonal variation of the
surficial water content at the landing area was not obvious,
consistent with the results of Audouard et al. (2014).
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Figure 2. Zoomed mosaic map of the surface kinetic temperature covering the Zhurong landing area. The Zhurong landing site is denoted by a
red cross. (a) The temperature corresponding to orb0973_5. (b) The temperature corresponding to orb2257_4.
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Figure 3. The I/F (radiance/solar irradiance at the top of the atmosphere divided by =) spectra extracted from OMEGA (Observatoire pour la
Minéralogie, I'Eau, les Glaces et I'Activité) data sets (a) and the derived single scattering albedos (b). The spectrum at the landing site is depicted
in red, whereas the spectrum near the landing site is depicted in blue. The bad bands have been removed.
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Figure 4. Map of the surface water content distribution over the Zhurong landing site and surrounding area. (a) Retrieved results from the
summer swath orb0973_5. (b) Retrieved results from the winter swath orb2257_4.

Compared with the volcano-scan method, the DISORT model
considers the correction for aerosols. If the relevant parameters
used in the DISORT simulation are accurate, then using DISORT for
atmospheric correction should be more accurate than using the
empirical volcano-scan method (McGuire et al., 2008). Atmospheric
correction by the DISORT model is sensitive to the atmospheric
parameters; however, it is difficult to obtain the corresponding
real atmospheric parameters when acquiring the OMEGA data.
The ice and dust optical depth parameters used in our model are
historical data derived from TES data at the same latitude, longi-
tude, and Ls (Smith, 2004). This will bring some uncertainty to the
inversion results. The influence of the dust aerosol optical depth
parameter used in the DISORT model on the derived surface water

content was discussed by Liu Y et al. (2020), who found that the
derived surface water content was higher when using a higher
optical depth of the dust aerosol. In this work, we derived the
surface water content of the Zhurong landing site under different
water ice optical depths. Figure 5a shows the derived surface
water content when using different water ice optical depths at the
Zhurong landing site for the OMEGA observation of orb0973_5. As
the optical depth value of water-ice aerosol used in the model
increased, the derived water content of the surface decreased.
This was because the higher optical depth value meant that more
water-ice aerosols were removed from the model, leading to a
lower derived surface water content. We used the ICl value
(Langevin et al., 2007) to evaluate the relative abundance of water-

Zhou X and Liu Y et al.: Estimation of surface water content at the Tianwen-1 Zhurong landing site
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Figure 5. (a) Surface water content derived under different water ice optical depth parameters at the Zhurong landing site. (b) Map of the ice

cloud index value derived from orb0973_5.

ice aerosols, and these results are shown in Figure 5b. It can be
observed that a lower value of ICl on the map means a higher
abundance of water-ice aerosols. In the same swath, the region
covered the most by water-ice clouds was determined by the ICl
value to be located from 18°N to 22°N. The Zhurong landing site
had moderate ICI values, and the corresponding surface water
content was approximately 7.5 wt%. The discrepancies between
historical and actual optical depths can cause uncertainty in the
derived surface water content.

For the same OMEGA data sets used in this study, we also
performed a surface water content inversion by using the volcano-
scan atmospheric correction method (Milliken et al., 2007). Except
for use of the atmospheric correction method, the rest of the
processing was the same as described in Section 2. For the
summer swath, the derived surface water content using the
volcano-scan method was ~1.2 wt% lower than the result derived
from the DISORT method. For the winter swath, the derived
surface water content from the volcano-scan method was ~2 wt%
lower than the result derived from the DISORT method. Theoreti-
cally, the DISORT model, which is based on the first principle, is
more accurate than the empirical volcano-scan model (McGuire
et al,, 2008). However, it is presently difficult to assess the accuracy
of the atmospheric parameters used by the DISORT model, and
the quality of OMEGA data decreased in the later stages of the

instrument. Considering these factors, we cannot determine
which atmospheric correction method gave more accurate results.
Therefore, we estimate that the surface water content at the
Zhurong landing site is 5-8 wt%. Verification of the surface water
content will be performed by the measurement of H abundance
with LIBS on the Zhurong Mars rover in future work.

In addition, the surface water content derived from ESPAT spectra
strongly relies on particle size (Milliken and Mustard, 2007b). We
used the assumption that the surface particle size was <45 pm
and the linear parameter A was 4.17 (Milliken et al., 2007;
Audouard et al., 2014; Liu Y et al., 2020). Minitti et al. (2013) visually
assessed the particle size of the interior Rocknest sand shadow by
using the Mars Hand Lens Imager onboard Curiosity. They found
that 0.5- to 2-mm-diameter particles constituted <10%, 100- to
150-um-diameter particles constituted between 40% and 60%,
and finer particles constituted between 30% and 50%. Therefore,
the Martian surface particle size distribution is more complex than
previously thought, and the assumption of particles <45 pm may
not be suitable. If the particle size is assumed to be 125-250 um,
corresponding to a linear parameter A of 1.30 (Milliken et al., 2007),
the derived surface water content is 3.2 times smaller and the
surface water content at the Zhurong landing site becomes
1.6—2.5 wt%, which is closer to the surface water content
obtained from previous landing missions (Biemann et al., 1977;

Zhou X and Liu Y et al.: Estimation of surface water content at the Tianwen-1 Zhurong landing site
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Figure 6. In situ observations of the Mars Surface Composition Detector onboard the Zhurong rover. (a, b, ¢) Micro-images of the surface
material. The red cross denotes the Laser-Induced Breakdown Spectrometer (LIBS) and Short-Wave Infrared Spectrometer (SWIR) observation
point. (d) LIBS spectra of the surface material. The dotted lines are emission of the H element (656.46 nm) and the C element (657.99 nm). (e) SWIR
spectra of the surface material. The dotted lines are located at 1.40, 1.94, and 2.22 um. The smoothed spectra (colored lines) overlay the raw

spectra (gray line).

Anderson and Tice, 1979; Leshin et al., 2013; Sutter et al., 2017). It
is worth noting that the microscopic images of the surface of the
landing site taken by the Micro-lmaging Camera onboard the
Zhurong rover show plenty of coarse grains (Figure 6a—c), indicat-
ing that the surface water content at the Zhurong landing site
may be overestimated with the orbital data because of the
assumed finer grain size.

3.3 Insitu Observations

The in situ observations by the Zhurong rover found evidence for
hydrated sulfate or silica minerals at the landing site (Liu Y et al.,
2022), suggesting that the water activity was more active in
Utopia Planitia during the Amazonian than previously thought.
The MarSCoDe (consisting of the Micro-Imaging Camera, LIBS, and
SWIR) onboard the Zhurong rover obtained batches of data at the
landing site and along the traverse path. Here, we extracted three
representative LIBS spectra to examine the peaks indicative of the
presence of H in the regolith. These representative LIBS spectra
came from three coarse-grained targets along the traverse path
(Figure 6a—c), with a particle size of >1 mm in diameter. In all
three spectra analyzed, we found a strong H emission signal
(656.46 nm) in the LIBS data of Zhurong (Figure 6d), suggesting

abundant presence of the H element.

The SWIR spectra at the same detection point also showed an
obvious H,O/OH absorption characteristic, including the band
absorptions at ~1.9 um (combination modes of molecular H,0)
and ~2.2 um (OH stretches; Dyar et al., 2010). These obvious H
signals and H,O/OH absorption characteristics indicate that the
Zhurong landing area may have a high surface water content. In
addition to having the strongest H signal in the LIBS spectrum, the
coarse grains of Sol 50 also have a structural OH absorption char-
acteristic at ~1.4 um (first O-H stretch overtone; Dyar et al., 2010).
Aside from the surface adsorbed water, the structural water may
be an important component of the coarse grains. The coarse-
grained material may play a more important role in orbital remote
sensing detection than previously thought.

4. Conclusions

We estimated the surface water content at the Zhurong landing
area by ESPAT at ~2.9 pum from OMEGA data. Considering the
uncertainties of the atmospheric correction method and the
surface water content inversion model, the upper layer of the
regolith at the Zhurong landing site was estimated to be ~5—

Zhou X and Liu Y et al.: Estimation of surface water content at the Tianwen-1 Zhurong landing site
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8 wt%, assuming surface particle sizes of <45 um, or ~1.6—2.5 wt%,
assuming surface particle sizes in the range of 125-250 pum. The
distribution of surface water content at the Zhurong landing area
was relatively uniform at the kilometer scale, and the surface of
the landing area had no significant seasonal variation in water
content. Our results provide essential constraints on the evolution
of the water environment in this area. Both LIBS and SWIR data
from the Zhurong rover captured significant H,O/OH signals of
coarse grains in the landing area, suggesting that coarse grains
may play a more important role in water detection from the
orbital remote sensing data than previously thought. In the future,
the surface water content analyzed from LIBS can be further
compared with the orbital inversion results to provide a basis for
the reliability test and correction of the surface water content
inversion model when using the orbital data.
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