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Executive Summary  
The potential of remotely sensed gravity data for hydrology applications was articulated in 
our previous report as follows (Tregoning et al., 2020):	

 “Remote sensing satellite data offers the possibility of quantifying changes in 
groundwater storage at the broad continental and/or basin scale and, possibly, at the 
sub-catchment scale. Through quantification of changes in total water storage using 
data from space gravity missions and of non-groundwater hydrology signals using 
modelled values from land surface and hydrology models, it is possible to estimate 
changes in groundwater. Essentially, groundwater is what is left when the non-
groundwater hydrology signals are subtracted from the changes in total water 
storage.”   

In previous reports, we have provided information describing the Gravity Recovery and 
Climate Experiment (GRACE) space gravity mission (Tapley et al., 2004) and how estimates 
of total water storage from the mission data could be used to derive changes in groundwater 
over the Great Artesian Basin. We provided such estimates of groundwater change using 
GRACE data from 2003 to mid-2016. Data in the final year of the GRACE mission (Nov 
2016 to May 2017) was not analysed due to complications as instruments failed, thermal 
control was deactivated and key instrument measurements were no longer available. 

The GRACE Follow-On (GRACE-FO) mission (Landerer et al., 2020) was launched in May 
2018 as the successor to the GRACE mission. Although a near-clone of the GRACE mission, 
there are subtle but important differences in the instrument data, which required 
modifications to software and analysis approaches. Once such adjustments were made, it 
became possible to estimate changes in total water storage from the GRACE-FO mission, 
thereby permitting the time series of groundwater change estimates to be extended from June 
2018 to the end of 2020. 

Estimates of changes in groundwater quantities can be derived by subtracting from total 
water storage estimates the sum of all other components (soil moisture, surface water, 
vegetation stores). The former is obtained from the space gravity mission data while the latter 
are sourced as model outputs from land surface/hydrology models, based on input forcing 
data of precipitation, temperature and wind speed.  

This report provides information on the key differences between the GRACE and GRACE-
FO missions, including documenting the modifications to software and analysis strategies 
that were required to process the GRACE-FO data. It also includes descriptions of the data of 
the three land surface/hydrology models, extended through to the end of 2020. 

The time series of groundwater changes in the Eromanga Basin from June 2018 to December 
2020 shows only minor variations, in line with changes seen over the GRACE period 2003-
2016. The levels in the Surat Basin, however, have lowered since the end of the GRACE 
period in 2016, falling levels only seen previously in 2007 towards the end of the Millenial 
Drought. 
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Introduction 
The change in total amount of water storage in the landscape can be expressed as the sum of a 
number of different components: 

∆ 𝑡𝑜𝑡𝑎𝑙 𝑤𝑎𝑡𝑒𝑟 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 = ∆ 𝑠𝑜𝑖𝑙 𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 + ∆ 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑤𝑎𝑡𝑒𝑟 + ∆ 𝑐𝑎𝑛𝑜𝑝𝑦 𝑤𝑎𝑡𝑒𝑟
                                                        + ∆ 𝑠𝑛𝑜𝑤 𝑤𝑎𝑡𝑒𝑟 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 + ∆ 𝑔𝑟𝑜𝑢𝑛𝑑 𝑤𝑎𝑡𝑒𝑟                1  

Previous estimates of changes in groundwater across the Great Artesian Basin from 2003 to 
2016 have been produced by subtracting from estimates of total water storage change the 
variations in soil moisture and vegetation water storage (Tregoning et al., 2022, Razeghi et 
al., 2022). The total water storage estimates were derived from the analysis of data from the 
Gravity Recovery and Climate Experiment (GRACE) mission, which operated from 2002 to 
mid-2017, with a decaying quality in the data in the final year of the mission due to 
equipment degradation and eventual failure. The changes in other components were sourced 
from land surface/hydrology models as described in Razeghi et al. (2022). 

The analysis of GRACE data by the ANU group has been done using the range acceleration 
as the principal observation (Allgeyer et al., 2021; Tregoning et al., 2021), rather than the 
range rate that has been used in other studies (e.g. Tapley et al., 2004; Watkins et al., 2015; 
Save et al, 2016). Our analysis of the GRACE Level-1B data (instrument measurements, 
changes in inter-satellite distances etc.) yields a high quality of estimates of Earth’s temporal 
gravity field (Tregoning et al., 2020a; Allgeyer et al., 2021). Most notably, our use of 
irregularly shaped mass concentration (mascon) regions permits our solutions to follow 
coastlines and drainage divides between hydrological basins (Tregoning et al., 2021). It also 
reduces the leakage of signal between continents and oceans, leading to more accurate 
estimates of continental hydrology signals near the coast (Tregoning et al., 2021).  

Additionally, we have shown that we can estimate accurately the long-wavelength 
components of the temporal gravity field, known as the “degree C20” coefficients (or the 
“equatorial bulge” term) of a spherical harmonic representation of the gravity field. While 
other studies have had to replace their estimates of C20 using values derived from the analysis 
of satellite laser ranging data, our temporal gravity field estimates from GRACE Level-1B 
data do not require such corrections (see Figure 7 of Allgeyer et al., 2021). 

While space gravity missions sense the change in total water storage, ground-based 
measurements (e.g. GPS) and space-based Interferometric Synthetic Aperture Radar (InSAR) 
analyses can sense the deformation of the surface of the Earth as a result of changes in 
hydrological loads. An assessment of the combination of space gravity estimates of total 
water storage changes with satellite- and model-based estimates of soil moisture changes 
requires temporally overlapping estimates but this was not possible due to the 
decommissioning of the GRACE mission in 2017, before the availability of the GA InSAR 
analysis. Thus, to date there has been no temporal overlap between the space gravity 
component of the overall GAB project with the estimation of surface displacement due to 
hydrological loading derived from InSAR. 

The GRACE Follow-On (GRACE-FO) mission is the successor to the GRACE mission and 
has provided science data since May 2018. The architecture of the GRACE-FO mission is 
very similar to that of GRACE, with similar orbital parameters and instrumentation. 
Successful operation for the past three years (notwithstanding some minor gaps due to 
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instrumentation issues) now provides the opportunity to extend the original assessments of 
groundwater over the GAB to a time period where it can overlap with the available InSAR 
analysis components of the overall project. 

This report documents the technical details of the GRACE-FO mission, outlining changes in 
analysis strategy compared to that used to generate estimates of total water storage from the 
GRACE data. Estimates of soil moisture and vegetation water storage are provided, using the 
same approach as Tregoning et al (2020b). Finally, groundwater changes are derived as the 
difference between total water storage estimates and changes in all other water stores. 

Funding for this project was provided by Geoscience Australia as a component of the Great 
Artesian Basin Groundwater Project funded through the Australian Government by the 
National Water Infrastructure Development Fund. The outputs of this project are publicly 
available  through an ANU hosted website. 

GRACE Follow-On  
Mission details 
The GRACE Follow-On (GRACE-FO) mission was launched on 22 May 2018 to continue 
the highly successful legacy of the GRACE mission’s Earth-observing program: monitoring 
changes in Earth’s gravity field. The mission is very similar in concept to the GRACE 
mission and involves measuring with high accuracy the changes in distance between two 
satellites (here called “GRACE C” and “GRACE D”) orbiting at an altitude of around 490 
km above Earth’s surface. 

While the satellites of the GRACE-FO mission are broadly similar to those of the GRACE 
mission, there are some important differences. First, a third star camera was added to improve 
knowledge of the orientation of each satellite, leading to more accurate inter-satellite range 
calculations. Second, the accelerometers onboard each satellite were updated (Christophe et 
al., 2015) to the more recent models that were used on the Swarm mission satellites (Siemes 
et al., 2016). Third, a laser ranging interferometer (LRI) was added to duplicate the 
microwave measurement of the inter-satellite range (i.e. distance) changes (Sheard et al., 
2012). The LRI was expected to be 10-100 times more accurate than the microwave ranging 
interferometer (MWI) of the GRACE mission, which is also the primary instrument of the 
GRACE-FO mission. How much this contributes to improved gravity field resolution 
depends on a variety of factors and has yet to be determined. 

After in-orbit checks, the collection of science data began in June 2018 and has continued 
ever since, with a few exceptions: 

• A failure of the instrument processing unit on the primary side of the MWI on one of 
the satellites meant that no science data were collected from mid-July 2018 until late 
October 2018. 

• There was a data outage from 1-21 February 2019 due to an automatic shutdown of an 
onboard computer. Unfortunately, this occurred right at the peak of the severe 
flooding in north Queensland that summer. 

• Science data is not available from 18-24 January and 7-13 February 2020 due to 
onboard clock errors. 
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• Various minor outages of science data, caused by instrument reboots as well as centre 
of mass and thruster calibration activities. These ranged from a few minutes to tens of 
hours. 

• Monthly status reports for the GRACE-FO mission are available at https://podaac-
tools.jpl.nasa.gov/drive/files/allData/gracefo/docs/Newsletters 
 

Once the satellites were in orbit, a significant issue was discovered affecting to the 
performance of the accelerometers onboard each of the satellites. Unexpectedly high levels of 
noise dominated the measurements of the non-gravitational accelerations acting on the 
satellites (atmospheric drag, solar radiation pressure, energy reflected by Earth and thrusts 
associated with maintaining correct orientation of the satellites). The issue is related to the 
performance of the new type of accelerometer instruments used on the GRACE-FO satellites 
compared to those used on the GRACE satellites. The instrument performance was deemed to 
be so degraded on one of the satellites that it was decided to replace the actual measurements 
with a transplant of measurements from the other satellite (McCullough et al., 2019).  

Fortunately, there was a precedent for this situation: this procedure had been used at the end 
of the GRACE mission, when the accelerometer on GRACE B had to be turned off 
permanently to reduce the load on the unstable and failing battery cells (Bandikova et al., 
2019). The transplant procedure has been implemented since the start of the GRACE-FO 
mission and is an integral part of the GRACE-FO Level-1B data. 

A consequence of the transplant of accelerometer measurements from GRACE C to GRACE 
D is that the estimates of the long-wavelength components of Earth’s gravity field are 
corrupted. While it has been commonplace to replace the C20 terms estimated from GRACE 
data (see Loomis et al. (2019) for a comprehensive discussion), our ANU analysis of the 
original GRACE mission data did not require this correction to be applied (Allgeyer et al., 
2021). This no longer remains the case for the analysis of the GRACE-FO data. The reason 
for this is not fully understood, although it is almost certainly related to errors introduced in 
the process of transplanting the accelerometer observations from GRACE C to GRACE D. 
Efforts are continuing to reduce these errors in the analysis. 

The first few months of the GRACE-FO temporal gravity fields contain higher levels of 
noise. This reduces by around November 2018, whereupon it settles to a relatively uniform 
level of accuracy, comparable to the estimates from the GRACE mission during the thermally 
controlled portions of the mission.  

We suspect that the higher noise at the start of the GRACE-FO mission is related to errors 
due to the performance of the accelerometers onboard the satellites, including the transplant 
process to replace the measurements made on GRACE D. As the mission engineers became 
more familiar with the instrument performance the quality of the Level-1B data improved, 
resulting in improved gravity field estimates. We do not (yet) have an explanation for the 
apparent degradation of performance in December 2020. 
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ANU GRACE-FO solutions 
Before the GRACE-FO data could be analysed, several important changes were required and 
implemented in our software used to generate the temporal gravity field estimates. 

• Software modifications: GRACE-FO Level-1B data formats changed from a basic 
ascii format to “yaml” format. All the data input subroutines of our software had to be 
rewritten to accommodate both GRACE and GRACE-FO input data formats. 

• Long-wavelength gravity field: Because of errors introduced somehow in the 
transplant of accelerometer observations from GRACE C to GRACE D, our estimates 
of the long-wavelength components of the temporal gravity field are no longer 
accurate in our analysis of the GRACE-FO Level-1B data. Consequently, we need to 
replace the C20 and C30 coefficients of a spherical harmonic representation of the 
gravity field with the values estimated from satellite laser ranging data. To do this, we 
convert our mascon estimates to spherical harmonics, calculate the appropriate C20 
and C30 corrections and then apply these corrections to the original mascon fields. 

• Regularisation: A different regularisation approach to stabilise the inversion of the 
GRACE-FO observations was required. The GRACE-FO observations are, in general, 
of higher quality than the GRACE observations (with the exception of the 
accelerometer observations). An assessment of different spatial regularisations was 
made to determine an appropriate regularisation that would yield solutions consistent 
with those of the GRACE analysis. 

• Inter-satellite laser ranging: The laser ranging interferometer has been demonstrated 
to work effectively on the GRACE-FO satellites and inter-satellite observations are 
regularly available as part of the mission Level-1B data. Initial assessment of the data 
have shown that it is of very high quality, containing significantly less noise than the 
MWI measurements (Allgeyer et al., 2019). However, the data are provided at 2 
second sampling – which is incompatible with our orbit integrator – and contain 
significant offsets and spikes that must be removed before it can be analysed. Initial 
estimates of the temporal gravity field do not show a significant difference when 
using the LRI data. Therefore, we have performed this analysis of the GRACE-FO 
data using the MWI as the inter-satellite observable.  

The Level-1B data of the GRACE-FO mission from June 2018 to December 2020 were 
processed using the approach described in Tregoning et al. (2020) and Allgeyer et al. (2021). 
Monthly estimates of total water storage anomalies were produced, relative to a mean gravity 
field of 2008. These solutions have been provided in a file (in netCDF format) supplied with 
this report. The ~300 km mascon pattern has been generated to match two different patterns: 
surface catchment geometry and aquifer geometry. Total water storage estimates have been 
made using both sets of mascons.  

 

Hydrology Models 
The generation of estimates of changes in groundwater from total water storage change 
requires estimates of other components of the hydrology cycle. This information was 
provided previously from three different land surface/hydrology models, integrated onto the 
mascon geometry of our ~90,000 km2 mascons (Razeghi et al., 2022). The models used were 
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the Global Land Data Assimilation System (GLDAS) NOAH, GLDAS CLSM (Rodell et al., 
2004; Beaudoing, 2020) and the Australian Water Resources Assessment Landscape 
(AWRA-L V6) (Frost et al., 2018) hydrology models. 

We again use these models to provide the same integrated information for soil moisture, 
canopy and snow water equivalent but integrated on our ~90,000 km2 mascons. The details of 
the models and the methods for performing the integrations onto mascon geometry are 
provided in our previous report (Razeghi et al., 2022). 

The basic characteristics of these different hydrology/land surface models, repeated from our 
previous report, are given in Table 1. 

Table 1. Characteristics of the hydrology models. 

Content GLDAS/NOAH GLDAS/CLSM AWRA 
Format NetCDF NetCDF NetCDF 
Latitude Extent -60° to 90° -60° to 90° -44° to -10° 
Longitude Extent -180° to 180° -180° to 180° 112° to 154° 
Spatial Resolution 0.25° 0.25° 0.05° 
Temporal Resolution monthly daily Monthly 
Temporal Coverage 1/1/2000 – 1/1/2020 1/2/2003 – 1/1/2020 1/1/2000 – 1/1/2020 
Spatial Coverage Global Global National 
 

As per Razeghi et al. (2022), we downscaled the AWRA model to the same resolution as the 
two GLDAS models (0.25°), all of which were averaged to monthly values to ensure 
temporal consistency among the data sets.  

 

Estimating groundwater storage change 
Rearranging Equation 1, we can find the groundwater storage change: 

                                   ∆ 𝐺𝑊𝑆 = ∆ 𝑇𝑊𝑆 − ∆ 𝑆𝑀 + ∆ 𝑆𝑊 + ∆ 𝐶𝑊 + ∆ 𝑆𝑊𝐸                           2  

where ∆GWS is the change in ground water storage, ∆TWS is the change in total water 
storage (estimated from GRACE-FO data), ∆SM is the change in soil moisture (from land 
surface models), ∆SW is the change in surface water, ∆CW is the change in “canopy water” or 
water stored in vegetation and ∆SWE is the change in snow water equivalent (also from land 
surface models). The details of the different layers of the water components in each of these 
models is provided in Razeghi et al. (2022) and summarised in Table 2. 
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Table 2. Water Component provided by GLDAS/NOAH, GLDAS/CLSM and AWRA-L. 

Model GLDAS/CLSM GLDAS/NOAH AWRA-L 

Soil Moisture 
Layers 

Surface soil moisture 

(0 - 2cm) 

Root zone soil moisture 

(0 - 1m) 

Profile soil moisture 

(varies grid by grid) 

 

 

Soil moisture – Layer 1 

(0 - 10cm) 

Soil moisture – Layer 2 

(10cm - 40cm) 

Soil moisture – Layer 3 

(40cm - 1m) 

Soil moisture – Layer 4 

(1m - 2m) 

Root zone soil moisture  

(varies based on 
vegetation) 

Upper layer soil moisture 

(0 - 0.1m) 

Lower layer soil moisture 

(0.1 - 1m) 

Root zone soil moisture 

(upper layer + lower layer) 

Deep layer soil moisture 

(1 - 6m) 

Canopy surface 
water    

Snow water 
equivalent    

 

The water content in the soil moisture component of Equation 2 was provided previously as 
an integrated amount down to a depth of 1 m. Here, we provide the values for each month on 
each layer listed in Table 2. These values can be summed if the integrated value to 1 m depth 
is required. 

Razeghi et al. (2022) used two different mascon geometries: one that followed the drainage 
boundaries of the major surface catchment and one that followed the spatial extent of the 
major aquifers. They found little difference in the two solutions for total water storage. 
Nonetheless, we continue to use here both of these mascon geometries to estimate two sets of 
changes in total water storage. 

Case Study: The Surat Basin 
 
The Surat Basin is one of the case study regions for the GAB project.  Razeghi et al. (2022) 
showed the pattern of mascons used in the study in the Surat Basin region for both surface-
catchment and aquifer mascons and this is repeated here in Figure 1. 
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Figure 1. The Surat Basin; located in south-central Queensland and north-central New South 
Wales. The mascon geometry is based on constrained surface catchment geometry (left) and 

on aquifer geometry (right). The small stars indicate the locations of the ternary mascons 
within each primary mascon and the red circles mark the centroids of the primary mascons. 

 
We make use of GRACE-FO data to extend our previous analysis (Razeghi et al., 2022) of 
groundwater changes through to December 2020 (Figure 2). 
 
As previously, we use the root-mean-square (RMS) of the difference between the three 
modelled values at each epoch as a measure of the uncertainty at each epoch of any of the 
three modelled hydrology values. We then calculated the uncertainty of the estimated GWS 
changes as (Razeghi et al., 2022): 
 
                                                     𝜎!"# = 𝜎!"#

! + 𝜎!" !                                                         4  
 

where the 𝜎!"# is the formal uncertainty of the total water storage estimate for each primary 
mascon, and 𝜎!" is the RMS of the three hydrology model values at each epoch.  

The three modelled values of non-groundwater changes in water storage from the three 
hydrology models are shown in Figure 2. We subtract these integrated estimates of changes 
in water stores from the total water storage to derive time series of groundwater changes 
(Figure 3).  
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Figure 2. Hydrology variation over the Surat Basin from three hydrology models: 
GLDAS/NOAH (dotted blue), GLDAS/CLSM (dotted red), and BOM/AWRA (dotted yellow). 

The top row is the result from integration over mascons following the geometry of the 
aquifers, while the bottom is the result from mascons following surface catchment geometry. 

The root-mean-square (rms) of the differences between the three models is also shown 
(purple line). 
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Figure 3. GWS estimates for the Surat Basin using the mascon geometry constrained to 
aquifer (top) and surface catchment (bottom) boundaries and the three different hydrology 
model estimates used to remove non-groundwater signals from the GRACE-derived total 
water storage values. Time series have been plotted with artificial offsets to permit better 

comparison; TWS-NOAH (blue), TWS- CLSM (red), TWS-BoM m (black). The GRACE-FO 
derived TWS is shown (green). The uncertainty envelope around each line denotes the 

uncertainties of the GWS estimates derived from the rms of the differences between the three 
hydrology models at each epoch. 
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Groundwater variations over the Surat Basin are very consistent (Figure 3) when derived 
using either the surface catchment mascon geometry or the aquifer geometry. Thus, we again 
confirm that, in this basin, the mascon pattern makes little difference to the groundwater 
estimates when integrated over the basin. The integrated changes using the GLDAS/NOAH 
model are significantly different from those of the CLSM and BoM models over the GRACE-
FO time (2018-2020). This increases the RMS of the differences (Figure 3, purple line), 
especially from 2019.5 to 2020.5, which is the metric that we use to represent the uncertainty 
of the groundwater estimates. 

 

Case Study: The Eromanga Basin 
 

The second case study area for the GAB project is the Eromanga Basin, the largest basin of 
the GAB. As for the Surat Basin, we used the mascon patterns that follow either surface 
catchments or aquifers (Figure 4). 

 

 
Figure 4. Mascons for the Eromanga Basin. The mascon geometry is based on constrained 
surface catchment geometry (left) and aquifer geometry (right). The small stars indicate the 

locations of the ternary mascons within each primary mascon. 

	

The GLDAS/NOAH integrated hydrology values over the Eromanga Basin are also seen to 
be different from the other two modelled values (Figure 5); however, the difference is not as 
pronounced as for the Surat basin. As before, we calculate the changes in groundwater 
storage by subtracting from the total water storage (from GRACE-FO) the integrated changes 
in hydrology from the models (Figure 6). 
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Figure 5. Hydrology variation over the Eromanga Basin from three hydrology models: 

GLDAS/NOAH (dotted blue), GLDAS/CLSM (dotted red), and BOM/AWRA (dotted yellow). 
The top row is the result from integration over mascons following the geometry of the 

aquifers, while the bottom is the result from mascons following surface catchment geometry. 
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Figure 6. GWS estimates for the Eromanga Basin using the mascon geometry constrained to 
aquifer (top) and surface catchment (bottom) boundaries and the three different hydrology 
model estimates used to remove non-groundwater signals from the GRACE-derived total 
water storage values. Time series have been plotted with artificial offsets to permit better 
comparison; TWS-NOAH (blue), TWS-CLSM (red), TWS-BOM (black). The GRACE-FO 

derived TWS is shown (green). The uncertainty envelope around each line denotes the 
uncertainties of the GWS estimates. 

 

Discussion 
The groundwater time series have been extended through the use of GRACE-FO estimates of 
total water storage. There have been unremarkable changes in groundwater since 2016, with 
variations being relatively consistent with variations over the 2003-2010 period. The most 
recent data during 2020 suggests a slight decline in groundwater, especially in the Surat 
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Basin. We note that the total water storage estimates decreased significantly (~10 cm) over 
the last few months of 2020 without a corresponding change in the GLDAS-NOAH or 
GLDAS-CLSM integrated hydrology values, causing a decrease in the calculated 
groundwater. While it is possible that this occurred, it needs further investigation/validation. 

The accuracy of these estimates of groundwater change are dependent on the accuracy of the 
land surface/hydrology models from which the changes in soil moisture and vegetation stores 
are sourced. There is a high level of difference between the models over the period of the 
GRACE-FO data, with the GLDAS-NOAH model predicting significantly less water in the 
landscape than the other two models. This applies to both the Surat and Eromanga Basins and 
causes an increase in the uncertainties that we apply to the groundwater estimates. 
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Appendix: list of data files 
	

We provide a number of data files (in NetCDF format) which contain the information of 
groundwater estimates derived using each of the two mascon geometries and each of the three 
different hydrology model estimates of the non-groundwater hydrology contributions (Table 
A1): 

 

Table A1. Filenames and descriptions of data files 

File name Description 
Hydrology modelled values 
GLDAS-CLSM_SurfaceCatchment.nc 

 
• Soil, canopy and snow water content: GLDAS-

CLSM (2.2) integrated over ANU primary 
mascons (February 2003 - December 2020) 

• mascon geometry:  surface catchment 
 
GLDAS-CLSM_Aquifer.nc 

 
• Soil, canopy and snow water content: GLDAS-

CLSM (2.2) integrated over ANU primary 
mascons (February 2003 - December 2020) 

• mascon geometry:  aquifer 
 
GLDAS-NOAH_SurfaceCatchment.nc 

• Soil, canopy and snow water content: GLDAS-
NOAH (2.1) integrated over ANU primary 
mascons (January 2000 - December 2020)  

• mascon geometry:  surface catchment 
 
GLDAS-NOAH_Aquifer.nc 

• Soil, canopy and snow water content: GLDAS-
NOAH (2.1) integrated over ANU primary 
mascons (January 2000 - December 2020)  

• mascon geometry:  aquifer 
 
BoM-AWRA_Aquifer.nc 
 

• Soil water content: BOM-AWRA integrated 
over ANU primary mascons (January 2000 – 
April 2020)  

• mascon geometry:  aquifer. 
 
BoM-AWRA_SurfaceCatchment.nc 
 

• Soil water content: BOM-AWRA integrated 
over ANU primary mascons (January 2000 – 
April 2020)  

• mascon geometry:  surface catchment. 
Total Water Storage values 
 
grace-
fo_2018_2020_SurfaceCatchment.nc 
 
grace-fo_2018_2020_Aquifer.nc 
 
 

TWS solution: ANU  
 
 

• mascon geometry: surface catchments  

 
• mascon geometry: aquifer 

 
Groundwater storage change values 
 
GWS-AWRA_SurfaceCatchment.nc 

 
• TWS (ANU surface catchment) - Soil, canopy 

and snow water content (AWRA) 
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GWS-AWRA_Aquifer.nc 

 
• TWS (ANU aquifer) - Soil, canopy and snow 

water content (AWRA) 
 

 
GWS-CLSM_SurfaceCatchment.nc 

• TWS (ANU surface catchment) - Soil, canopy 
and snow water content (CLSM) 

 
GWS-CLSM_Aquifer.nc 

• TWS (ANU aquifer) - Soil, canopy and snow 
water content (CLSM) 

 
GWS-NOAH_SurfaceCatchment.nc 

• TWS (ANU surface catchment) - Soil, canopy 
and snow water content (NOAH) 

	
 

 
GWS-NOAH_Aquifer.nc 

• TWS (ANU aquifer) - Soil, canopy and snow 
water content (NOAH) 
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