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Abstract. Observations of ice mass change with GRACE and GRACE-FO are limited in both temporal and spatial resolution.
For the Greenland ice sheet, standard processing can resolve monthly mass change at the scale of large drainage basins, not
at the level of individual glaciers or smaller regions. For GRACE-FO, a method using the range acceleration measurements to
calculate instantaneous line-of-sight gravity has been used to study hydrological extremes such as floods and storm surges. In
this paper, we look at the Greenland ice sheet and use the line-of-sight gravity signal to estimate 5-day mass change for four
summers. We also include altimetry data to try to improve the spatial resolution of the observed mass change. The amplitude of
the estimated mass change is within the range of monthly mass change estimates. The choice of regularisation clearly affects
the spatial distribution, which in turn affects estimates at basin scales or even at smaller scales. Additionally, the noise level
increases relative to the monthly signal, and the regularisation based on altimetry data increases the correlation among mass
points compared to Tikhonov regularisation. Estimating mass change based on line-of-sight gravity is possible, although the
spatial distribution remains sensitive to the choice of regularisation. Nonetheless, the approach shows promise for resolving
short-term mass-change events and motivates further refinement of line-of-sight gravity-based inversion techniques for future

satellite gravimetry missions.

1 Introduction

The Gravity Recovery and Climate Experiment (GRACE) and its Follow-On (GRACE-FO) missions have proven valuable
for monitoring the state of the Greenland ice sheet by revealing seasonal mass changes and decadal mass-loss trends. While
daily GRACE solutions are available from Mayer-Giirr et al. (2018); Kvas et al. (2019), they have limited spatial resolution
and require stabilisation using de-aliasing models (Kurtenbach et al., 2012). In this paper, we consider a different approach
based on line-of-sight gravity observations and inversion to point mass changes on the surface of the Earth. To observe ice
mass change at sub-monthly timescales and at a spatial resolution comparable to monthly ice mass change products, we use
range-acceleration observations from the Laser Ranging Interferometer (LRI) instrument on board GRACE-FO and combine
them with altimetry data to constrain the spatial distribution of the estimated mass change.

Previous research has repeatedly shown that, using dynamic orbits and LRI data, one can compute residual line-of-sight
gravity signals, commonly referred to as line-of-sight gravity differences (LGD) (Ghobadi-Far et al., 2018, 2022). This method
was primarily used to study hydrological signals such as storm surges or heavy rainfall. Li et al. (2024) studied sub-monthly

mass changes in Western Europe and Central China by inverting the LGD using a point-mass approach. In their later study, Li
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et al. (2025) discussed daily total water storage change based on the inversion of LGD using Slepian and B-spline functions.
The higher temporal resolution of the approach is also investigated by Khaki et al. (2023), who successfully assimilated LGD
into land surface models.

Using a similar approach, we invert residual line-of-sight gravity over Greenland and incorporate height-change trends to
regularise the spatial distribution of mass change. Applying this method for the first time in Greenland, while integrating
altimetry data in the inversion, we derive mass changes at 5-day intervals during four summer periods. First, we compare the
results for all of Greenland with other solutions. Second, we use the Ilulissat glacier as a case study to examine if this method
can properly resolve this smaller area and how the altimetry-based regularisation affects the spatial distribution of the estimated
mass change. These first results are promising but also indicate that further calibration of the method is needed for small-scale

mass-change features, such as ice mass change.

2 Materials and methods

The laser ranging instrument (LRI) was an experimental instrument aboard GRACE-FO that collected inter-satellite ranging
data until July 2023. Since then, LRI has been running in diagnostic mode to reduce thruster activation and overall fuel usage
(Landerer et al., 2023). There are also several data gaps, including July and August 2022. To estimate mass change from the

observed GRACE-FO laser intersatellite range accelerations, we need:

reference range accelerations from estimated orbits (Mayer-Giirr et al., 2021) to get residual range accelerations,

a filter to reduce residual range accelerations to line-of-sight gravity differences (LGD) (Ghobadi-Far et al., 2018),

LGD from monthly Level 2 gravity fields (Mayer-Giirr et al., 2018; Ince et al., 2019),

a GIA correction (Caron et al., 2018), and

a regularisation scheme tailored to the study area.
2.1 GRACE-FO data and orbit estimation

In this paper, reference range accelerations are generated based on orbits estimated using the GROOPS software package
(Mayer-Giirr et al., 2021). Table 1 shows the GRACE-FO Level 1B Data and the models used in the orbit estimation. Similar to
Ghobadi-Far et al. (2018), orbits are estimated based on static gravity field components and tidal signals. As a result, the LGD
represents residuals in the gravity field with respect to the chosen static field (nominal epoch 1 January 2010) and background
models.

Figure 1 shows the observation and the model areas used for the inversion. The model area for Greenland is based on the
Greenland Mass Balance (GMB) grid of the extended ESA CCI product by Barletta et al. (2020). The model area for Iceland

and Ellesmere Island in northern Canada was generated by spacing mass points roughly 45 km apart. The observation time is
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Figure 1. The model area for the inversion is represented by points in Greenland, Iceland and Ellesmere Island. The colours represent the ice
height change trend during the 5-year period from 2010-2015, derived by downsampling the extended ESA CCI height trends by Simonsen
and Sgrensen (2020) for Greenland to the ESA CCI GMB grid by Barletta et al. (2020). Note the asymmetrical colour bar. For Iceland and
Ellesmere Island, no height trends are used, and they are treated differently in the inversion. The blue area marks the observation area, defined
to be at least 400 km larger in every direction than the model area when projected to the ground. The lines and numbers mark the Greenland

Zwally basins (Zwally et al., 2012).
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Table 1. Models and data used in orbit estimation with GROOPS

Description Data or Model Source
Data
initial orbit GNVI1B NASA Jet Propulsion Laboratory (JPL) (2019)
satellite attitude SCAIB NASA Jet Propulsion Laboratory (JPL) (2019)
intersatellite ranging KBRI1B NASA Jet Propulsion Laboratory (JPL) (2019)
non-gravitational forces ACTI1B and THR1B NASA Jet Propulsion Laboratory (JPL) (2019)
Potential Models
atmosphere and ocean de-aliasing AOD1B RLO7 Shihora et al. (2022)
static gravity field GOCO06s (d/o 0-300) Kvas et al. (2021)
solid earth tides IERS 2010 Gérard and Luzum (2010)
ocean tides FES2014b Lyard et al. (2021)
atmospheric tides TiME22 Sulzbach et al. (2022)
pole tides Mean Pole Gérard and Luzum (2010)
ocean pole tides Desai 2004 Desai (2002)
Other
earth rotation TAU2000 Gérard and Luzum (2010)
ephemerides JPL DE432 Folkner et al. (2014)
relativistic corrections IERS 2010 Gérard and Luzum (2010)

five days per set, covering June, July, and August for the years 2019, 2020, 2021, and June in 2022. These months were chosen

as we expect most of the mass loss to occur during summer.
2.2 Estimating line-of-sight gravity from range acceleration

The line-of-sight (LOS) gravity, g7’ is related to range accelerations /i as described in Ghobadi-Far et al. (2018).

. d. d (i )—i . . (D
= —pD=—I(T . =T - r .
P dtp qr \F12 €12 12-€12 +T12-€12
1,. .
—9%20S+;(|1'12\2_P2) ) )

, range rate p = I'1s - €19, relative velocity 12 and LOS vector e;o = r12/p. The relative position vector

ri2 =ry — 1y is derived from the satellite positions. The LGD, dgLt95, is the difference between LOS gravity computed from

with range p = |r1o

Eq. (1) and LOS gravity from estimated orbits
re N 1. .
St =t — a9 =0 (3 (il - ) ) ®

To remove the dependency on measured relative velocity, Ghobadi-Far et al. (2018, 2022) designed a high-pass filter to extract

the LGD from the residual range accelerations as

5gg> " = FHZ(f) F{op}} . 4)
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with fourier inversion J and transfer function

1.0 for f <=1mHz
Z(f) =
1.04+3574f~104  for 1 mHz < f <= 0.25 Hz.
The resulting LGD is a residual quantity that shows the difference between the observed LOS gravity and the models used in

the orbit estimation (see Table 1).
2.3 Calculating line-of-sight gravity from spherical harmonic coefficients

The LGD includes not only high-frequency signals but also accumulated gravity changes. To compare this to the monthly
GRACE and GRACE-FO data, we calculate the LOS gravity for a monthly and a static gravity field and take the differ-
ence. The gravitational potential is typically described using spherical harmonic coefficients (Hofmann-Wellenhof and Moritz,
2006). Taking the derivative, this potential is then expanded into the gravitational vector in spherical coordinates 1,9, using

SHTOOLS/pyshtools (Wieczorek et al., 2019; Wieczorek and Meschede, 2018) and rotated to cartesian coordinates as

%7\/

Fry: = R(0,\)Fr0n =R(6, ) %% , (®))
_1 oV
rsinf O\

with

sinfcosA cosfcosA —sinA
R(#,\) = | sinfsinA cosfsinA  cos\ (6)
cosf —sin6 0

and radius r, colatitude 6 and longitude \. The residual acceleration at position x; is calculated as

OFE2 = b2 el (7)

7 7

where the superscript "ref" relates to the static gravity field used in the orbit estimation and "L2" is the Level 2 monthly gravity
field from GRACE-FO. The LGD from Level 2 gravity field solutions dg}5°> ' is then the difference in residual acceleration

projected on to the line-of-sight direction as
595> = (077 — 6i5) - eqs - ®)

The gravity fields used here are the ITSG2018 GRACE-FO monthly solutions (Mayer-Giirr et al., 2018), while the GOCO06s
static field (Kvas et al., 2021) is used as the reference gravity field.

2.4 Filtering, outlier detection, and GIA correction

The LGD derived from range acceleration still contains residual high-frequency noise, and due to the limited sensitivity of

the GRACE-FO system to long-wavelength signals, the low-frequency signal is degraded. To mitigate these effects, we apply
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Butterworth filters with a cut-off frequency of f. = 0.001 Hz and remove the high-frequency component from the Level 2
monthly LGD signal and the low-frequency component from the observed LGD. This separation reduces biases in the mass
inversion, particularly in polar regions where Earth’s flattening strongly influences the long-wavelength gravity field. The

observations are now

0g15" = 0ghy "+ 0gi3 ©

Even after filtering, the LGD time series contains isolated outliers. We identify and remove these by comparing the observations
in Eq. 9 to the smooth monthly reference signal 6911‘5)5’ L2 All samples exceeding 30, where o is the standard deviation of
5gt9S — 6911“5)3’]“2, are iteratively rejected until o < 10 nms~2. The final value of o is used as the observational uncertainty
in the subsequent error propagation. Long-term trends in LGD are also affected by Glacial Isostatic Adjustment (GIA), the
slow viscoelastic uplift of the lithosphere following past ice-mass loss. To correct for this effect, we compute the LOS gravity
contribution associated with geoid-height trends from Caron et al. (2018) and subtract it from the filtered LGD observations.

The resulting corrected LGD "observations" are
095" = 0g13 " + 093" — 393" - (10)
2.5 Inversion to mass change

The inversion of the LGD to mass change is based on Ghobadi-Far et al. (2022), which discusses the LGD from mass-change
grids and accounts for loading effects. The change in geopotential §V; at orbit height caused by changes in J point-masses at

Earth’s surface is given by the Newtonian potential

J
om;
V=G E z 11
i p d; (11)

where d;; is the distance between point-mass j and point 7. Using the expansion of the inverse distance in the spectral domain

(Hofmann-Wellenhof and Moritz, 2006)

1 1 /R\M!
sz(J Pi(costhy) - (12)
K 1=0

The final equation for a change in surface mass, including the change in loading on the Earth’s surface, resulting in an elastic

rebound of the Earth’s crust, is

oad J 6ml o) R I+1
OV = GZ 7 Zkz - Pi(costij) - (13)
j=1 =0

Here k; are the load Love numbers (Farrell, 1972), and 1);; the spherical distance between the observation ¢ on the satellite and

point mass j on the Earth’s surface. We use the load Love numbers for the gravitational potential k; based on the elastic earth
model PREM from Wang et al. (2012) with k; = 0.026. To reduce cut-off error, we only calculate the loading correction in the

spectral domain and define the full potential as

(ﬂ/; — 6‘/;"6Wt 4 5V;load , (14)
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where 0V is the gravitational change related directly to the change in mass.
Similar to above, the gradient of this potential is the change in acceleration at point ¢ due to changes in the point mass.

Taking the derivative and using Eq. 6 to rotate into cartesian coordinates, the residual acceleration is calculated as

+2
T s G Z] L —0m > k(U + )(R) Py(cos ;)
oF* :GZdT.J(Xi—Xj)JrR(@a)\)ﬁ 507y Oy S gk (£)"7 25 Pl (cospy) | - as)
i=1 omy +2 acos Jcostij
! Z] 1 sinf Zl =0 (E) 1/) P/(Coswij)
The observation equation we are solving is
597 = (6] — 0t5) -elp . (16)

A simple choice for the regularisation is the Tikhonov regularisation, which we have used in earlier studies to estimate ice mass

changes from monthly gravity fields (Forsberg et al., 2017; Jenny et al., 2025) and is implemented as
x=(ATA+)1)" ATy, a7

where x = {dm;} are the mass change estimates and y = {§g"°%} are the filtered and corrected LGD and I is the identity
matrix. This will smooth the estimated mass change, reducing noise in the resulting mass change, but it will also limit the

spatial resolution. The design matrix A contains the partial derivative of the observation Eq. 16 w.r.t the model parameters
x = {dm;}.

2.6 Using altimetry in regularisation matrix

To improve the spatial resolution of the mass grids from the LGD relative to the static gravity field, we incorporate altimetric
height trend data h*' from Simonsen and Sgrensen (2020) into the regularisation. We construct a height-change grid using
5-year trends from the static-field reference epoch to the start of the observed month. We define a matrix H by setting its

diagonal entries as
halt

m,, - Vb (18)
' hat[, ;

This is defined only for Greenland, given the model constraints from the CryoSat height changes. The entries for Iceland and
Ellesmere Island are set to zero. These points are treated separately using a Tikhonov regularisation. This is then included in

the combined GRACE-FO and CryoSat inversion to mass change as
x=(ATA+ N H H+ L) 'ATy, (19)

where Ijg is one for the diagonal entries corresponding to the mass points in Iceland and the Ellesmere Island and zero

otherwise, x = {6m;}, y = {0¢g"°5} and A are defined as in Eq. 17.
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L-curve

For both choices of regularisation, we use the L-curve criterion to select the regularisation parameters A or A, and At. The
misfit norm (Ax —y)7 (Ax —y) is a measure for how much the modelled LGD describes the observed LGD. The model norm
xT"H”Hx is a measure for the total mass change scaled with the regularisation matrix. The "knee" of the L-curve is the point
where the model norm increases while the misfit norm does not improve further. This is the point at which the ratio of noise to
residuals is optimised. Figure 2 shows this for the choice of A\, and At in the case of the altimetry-based regularisation, and
Fig. 3 shows it for the simpler case of only Tikhonov regularisation. These plots show that both the total mass estimate and the
residuals plateau for small regularisation parameters. The L-curves for both regularisation schemes do not show a clear "best"
choice. We looked at all 59 sets of 5 days and chose one set of regularisation based on these sets of plots. This is, to some
extent, a subjective choice, and we chose to go with a slightly lower regularisation than the L-curve would suggest to include
most of the signal. This process would have to be repeated if the observation periods are changed to account for the change in

spatial coverage of the data.

3 Results and discussion

We show below the results of inverting 5-day data windows for four summers. We compare the results for the entire Greenland
to other solutions, and we examine the Ilulissat glacier to assess whether we can resolve this smaller area and how the altimetry-

based regularisation affects the spatial distribution of the estimated mass change.
3.1 Greenland mass balance

Figure 4 shows the estimated mass change since the reference epoch for the two different regularisation schemes. They also
show the conventional CCI solution by Barletta et al. (2020) (green) and the GravIS solution by Sasgen et al. (2020) (brown) for
comparison. To compare the submonthly signal, we also included the daily Greenland Mass Balance (GMB) in grey by Barletta
et al. (2024), which is based on 58 stations of the GNSS Network GNET. This dataset is based on the proportional relationship
between each station’s uplift and nearby mass changes. We restored the trend of -231.48 Gt/yr. The estimated mass change
based on the LGD generally agrees with the two monthly solutions, CCI (green) and GravIS (brown), as these two solutions
also show an offset when calculating the mass change from the time series since 2010-01-01. As expected, the mass change
estimates from 5 days of LGD data are less smooth than those based on the monthly gravity fields. Both regularisation schemes
yield comparable solutions, providing confidence that the chosen regularisation does not affect the total mass change when the
regularisation parameters are appropriately chosen. The LGD solutions generally follow the independent daily GNET GMB
quite well. The error bars of the LGD inversion are solely based on the covariance matrix and the standard deviation after

fitting. The full covariance matrix is calculated as

Cov(x) =03 N TATAN!
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Figure 2. This figure shows (a) total mass change in Gt and (b) standard deviation of the residuals after the inversion for different choices
of regularisation parameters for the case where altimetry data were used to set up the regularisation matrix. The L-curves are shown in (c)
in Ay for the different choices of A\ig and in (d) in Aig for the different choices of Au. This figure shows the results of a single set of
observations, randomly selected from the 59 sets. Note that the model norm only includes the relevant regularisation matrix. The x-axes are

on a logarithmic scale, but the misfit norm varies only over a limited interval within this logarithmic domain. The chosen regularisation is

marked with an x.



180

185

https://doi.org/10.5194/egusphere-2026-2451
Preprint. Discussion started: 8 May 2026 G
© Author(s) 2026. CC BY 4.0 License. E U Sp here

~1500 7 _ 10° - X A=02512
_ % 6.0 1 3 ]
= = s
G —2000 - £ . x
2 s £
£ g ., 2
= 2500 1 2 5.0 5
g 8 g 10° 4
+— :g 4.5 | E 4
~3000 @
g T T g UBEL AR T T T T T
1071 10° 10! 1071 10° 10! 2 3 4 5
A A x10°

misfit norm ((Ax —y)"(Ax —y))

Figure 3. This figure shows (a) total mass change in Gt and (b) standard deviation of the residuals after the inversion for different choices of
regularisation parameters. The L-curve is shown in (c). This figure shows the results for the same set of observations as Fig. 2. The x-axes

are on a logarithmic scale, but the misfit norm varies only over a limited interval within this logarithmic domain. The chosen regularisation

is marked with an x.

where N = ATA + A?Tor N = AT A + 22 H'H + M\2I; g respectively. The mass estimates from the altimetry regularisation

are highly correlated, resulting in larger error estimates.
Table 2 shows the standard deviation of the residuals of the observations with respect to the LGD of the monthly gravity field

and to the modelled LGD in nm/s? for all four years. The observations show decreasing standard deviations of the residuals

Table 2. Standard deviations of the residuals for LGD from the monthly field and the two different regularisations.

2019 2020 2021 2022

Omonthly  5.11nm/s>  4.04nm/s®> 2,90 nm/s®>  2.78 nm/s?
gtltmety 512 nm/s®  4.09 nm/s?  3.41 nm/s®  3.28 nm/s?
gTikhonov 513 nm/s?  4.12 nm/s®>  3.45 nm/s?  3.30 nm/s?

over the years for both LGD from monthly fields and modelled point masses. We have not investigated the source of the de-
crease in observation noise. One possible reason is improved orbit estimation resulting from improved accelerometer transplant
for the second satellite in the GRACE-FO pair, GRACE-D. Table 2 also shows that the standard deviation of the residuals from
both inversion regularisations is consistently higher than that of the residuals based on the monthly gravity field. The reason
for these higher residuals in the point-mass inversions is not investigated. Since the inversion seems to perform worse than the
monthly gravity field solution as noise decreases, we suspect that we are hitting the natural limit imposed by the limited spatial
distribution of the observations. While the monthly solution uses all available data, we have at most 5 days of data, each with

2 to 6 orbits crossing our observation area.

Figure 5 shows the mass change split up into the Zwally basins (Zwally et al., 2012). The centre figure (a) is the gridded mass

10
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Figure 4. (a)—(d) show the total Greenland Mass Change (GMB) since 2010-01-01 for the two different regularisation schemes. We show the
5-day solutions for the summer periods 2019 to 2022. For comparison, the GravIS and DTU Space CCI solutions are also plotted. In grey,
we show the daily GMB based on the data of 58 stations of the GNSS Network GNET.

change for the end of the observation period (2022-06-26 to 2022-06-30) using the altimetry regularisation, and the line plots
(b—1) show the CCI result compared to our LGD inversion for all eight basins. The basins are numbered clockwise, starting
at the top, and the black lines in (a) show the basin outlines. The basins are also shown in Fig. 1 for reference. While the
results for basins 2, 3 and 5 agree very well with the CCI solution, the mass change is smaller for all basins compared to the
CCI solution. This agrees with the results for the whole Greenland Ice Sheet (GrIS) in Fig. 4, where the solutions based on
LGD estimate a lower mass loss than the reference time series by Barletta et al. (2020). Comparing the centre figure (a) to
the height trends in Fig. 1 shows the fingerprint of the altimetry data in the resulting mass change. The mass gain areas are
mostly at the inland borders of the basins, which is expected. The basins 6 (g) and 8 (i) show increased mass loss in summer
2019. Comparing basins 4 and 6 shows that the spatial distribution of the mass change depends on the regularisation, as basin

4 shows higher mass loss for the altimetry regularisation, but basin 6, which shares a border with basin 4, shows higher mass

11
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Figure 5. Mass Change since 2010 for the eight Zwally basins compared to the DTU Space CCI solutions. Note the asymmetric colour bar

in (a), and the different scales of the y-axis and broken x-axis in (b)—(i).
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Figure 6. (a) — (d) Mass change since 2010-01-01 for the Ilulissat region (left y-axis) and vertical displacement of two GNET stations ILUL
and KAGA minus the GIA trend (right y-axis). The relative scale between the two units is arbitrary, but the correlation between uplift and

mass change is shown in the bottom right. (e) and (f) show the Ilulissat region in pink and the location of the two GNET stations.

loss for the Tikhonov regularisation.

3.2 Ilulissat area mass balance

Figure 6 shows the mass change time series from the LGD inversion for the region around the Ilulissat glacier, the biggest
outlet glacier in Greenland. The chosen mascon points are marked in pink, and the lines show the sum over these points for all
5-day sets. This area lies at the boundary of basins 6 and 7.

This figure shows a mass loss of about 100 Gt in the summer of 2019 and about 50 Gt or less in the summers of 2020 and
2021. While the two solutions generally agree on the trends, the mass change based on the altimetry regularisation estimates a

slightly larger change since 2010-01-01. For comparison, we include the vertical displacement measured at two GNET stations
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in the area (Solgaard et al., 2026), with the GIA signal removed (Berg et al., 2023). To make them more comparable to our so-
lutions, we took the 5-day mean. Both stations show increased uplift during summer 2019 and partially also in 2020 and 2021.
For the whole time series, the correlation between the GNET uplift data and the LGD mass change estimates is between -0.59
and -0.65. The KAGA station, which is closer to the glacier, shows a slightly higher correlation. Interestingly, the Tikhonov

regularisation also shows a slightly higher correlation with the uplift data.

3.3 Overall discussion

The results presented above show that line-of-sight gravity differences (LGD) can be used to calculate sub-monthly mass-
change grids for Greenland. The results for mass change for the total GrIS compare well with the monthly mass change
solutions by Barletta et al. (2020) and Sasgen et al. (2020) and fit quite well with the daily GNET GMB by Barletta et al. (2024),
giving us confidence that both methods, LGD and GNET, observe real sub-monthly mass change signals. Both Tikhonov and
Altimetry regularisation show similar mass change for the total GrIS, but the difference in spatial distribution is reflected
in the basin time series, and when looking at more local features, such as the region around Ilulissat. To investigate which
regularisation best fits the actual distribution of mass change, other GNET stations and different LGD spatial resolutions also
need to be evaluated.

Since we use the monthly gravity field solutions to filter the low-frequency signal in the LGD data, we are not completely
independent of them. While the regularisation drives the spatial distribution, the results for the area around Ilulissat agree well
with each other at the beginning of the observation period. The point-mass mascon approach is well established and would be
a candidate processing scheme for future missions such as ESA’s NGGM. We are only using the LRI data in this study, but the
KBR data could be used to improve data coverage and extend the time series, albeit with lower accuracy.

The altimetry regularisation is based on surface elevation changes by Simonsen and Sgrensen (2020), which is only available
for the GrIS. To improve the spatial distribution of mass changes, also for Iceland and Ellesmere Island, other altimetry products
(IceSat-2) or a regularisation based on velocity maps could be considered. For future work, a focused study on Iceland could
be considered, in which the method is adapted for more regional applications while ensuring that the signal from Greenland is

removed from the LGD before inversion, see Sgrensen et al. (2017).

4 Conclusions

We have shown that inverting line-of-sight gravity differences (LGD) to weekly mass change yields reasonable results for ice
mass changes in Greenland during summers 2019 to 2022. We introduced both a Tikhonov regularisation and a regularisation
based on surface-height trends from altimetry. We found that the two schemes agree well over the entire Greenland Ice Sheet
(GrIS) but exhibit different spatial distributions at the basin scale or in more regional features. This method is interesting

because it directly inverts LGD into ground mass change, which could be extended to data assimilation in ice sheet models,
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similar to Khaki et al. (2023). This method, combined with monthly gravity field solutions for the long-wavelength signal, is a

promising approach for estimating the gravity field and mass change at regional scales.
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