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This is a very interesting study to explore the Sentinel-1 soil moisture estimates and its
potential usefulness in deriving the rainfall estimates at 1km resolution in the Po river
basin areas in Italy, using the SM2RAIN algorithm. The study has compared the S1
estimates with ASCAT derived rainfall estimates, and also a gauge+radar derived
estimates, with a calibrated version of algorithm and a parameterized version. While this
study still presents many challenges in terms of accurately inverse rainfall from SM,
especially for S1 with low temporal resolution, and remaining issues with certain
geographic region where this algorithm will not apply by nature and parameters are
difficult to get, I think the study itself is self-contained and interesting. So I’d suggest
moderate to major revisions, before it can move forward.

We thank the reviewer for the valuable suggestions that helped us to clarify and improve
the manuscript. A detailed answer to each comment is reported in the sequel.

Major Comment:

By looking at Fig. 5 & Fig. 6, I cannot help asking what is the usefulness of the SM2RAIN
products, because they are highly intermittent, and when they have estimates, the
estimates are noisy too (zeros and high values are common). I understand the metrics are
adequate (e.g., R>0.6 for subdaily scales), but since it is one of the goals of this study to
provide inputs for the hydrologic modeling community for better inputs, I think it would be
very critical for the authors to discuss the true usefulness of their estimates to hydrologic
modeling, and if still ways to go, to step back on their motivation or concluding remarks.

Fig. 5 and 6 are related to pixels located in a valley inside the mountainous area and on a
ridge of the mountain, respectively. The intermittence of the data is due to the frequent
frozen soil/snow cover that limits and impact the SM retrieval in the area.. Mountainous
regions are known to be a challenging environment to obtain reliable satellite SM
observations, and hence the estimated rainfall present high levels of noise..
Notwithstanding this, the two figures are not intended to make an example of the overall
performance of the dataset, rather to add details on the area where SM2RAIN applied to
S1-RT1 outperform the one applied to ASCAT. We will stress out this fact in the revised
version of the manuscript, by stating:



...In Fig. 5 and 6, the rainfall and SM timeseries of two pixels selected in the north-west of
the Po basin are shown, as example of the increased capacity of S1-RT1 for rainfall
retrieval in the mountainous area. Since these pixels are selected in a topographic
complex area, they should not be considered representatives of the overall
performance and availability of the satellite rainfall products, rather an example
of the improved performance derived from the use of S1-RT1 high resolution SM
with respect to ASCAT.

We will also add the description of Figure 6 (not included before due to an error in the
formatting of the manuscript) and a new figure, in order to show the behaviour of an
exemplary pixel selected over the plain (10.684 E°  44.805 N°, with better performance
and smaller number of invalid data) and underline the usefulness of the proposed dataset
for the hydrologic modelling community, as suggested:

Figure 6 show instead the timeseries of a pixel selected over the mountain
slopes, in the vicinity of the previous one (7.410°E, 45.824°N). While ASCAT SM
estimates (Figure 6c and 6d) show patterns that are similar to those in Figure 5,
S1-RT1 signal is completely different. The SM saturates in the summer period
and get dry in autumn, with a strong seasonality that is poorly affected by the
rainfall events. This is most probably an issue related to the vegetation-
correction, since it adds a strong seasonality to pixels that realistically exhibit
little vegetation coverage, also due to the low spatial resolution (with respect to
S1-RT1) of the LAI product used for correcting the plants signal. This erroneous
seasonality results in a seasonal overestimation of SM. As expected, the lower
quality of SM observations, greatly affects SM2RAIN capabilities in estimating
rainfall in these areas, resulting in very high rainfall rate perceived during
summer and very low one during winter, in contrast with the observed data. 

Finally, Fig. 7 shows the timeseries of a pixel selected over the plain (10.684°E,
44.805°N). As it can be noted, the period of unavailability of the rainfall data is
greatly reduced in comparison with Fig.5 and Fig.6, since this area is
characterized by higher temperature during the winter and by lower snow cover
probability. Overall, S1-RT1 SM shows a greater variability during the summer
season with respect to ASCAT (Figure 7c-7d), thanks to both the vegetation
correction and the higher spatial resolution. This leads to a greater accuracy in
the peak rainfall detection of summer 2018 and 2019 (Figure 7a). In the same
panel, it can also be noted an overestimation of 2017 summer rainfall
(potentially due to an error in SM estimation or to an irrigation event) and an
underestimation of winter 2019 (probably due to SM saturation). Overall, the
rainfall estimate from S1-RT1 is in good accordance with the observed one
(Figure 7b), proving both the validity of the derived rainfall product and its
usefulness for hydrologic modelling.

 

Places needing more clarifications:

L14: it is confusing with “1km resolution” and “500 m spacing” and “25 km spatial
resolution (12.5 km spacing)” throughout the paper. Could the authors provide
explanations on what the bracket means? Or if it produces similar confusion among other
readers, I suggest to remove what’s inside the bracket.

These two definitions refer to spatial resolution and spatial sampling: according to
Shannon's sampling theorem, in order to preserve the spatial resolution of the original
image, the digitizing device must utilize a sampling interval that is no greater than one-
half the size of the smallest resolvable feature of the optical image. This is equivalent to



acquiring samples at twice the highest spatial frequency contained in the image, a
reference point commonly referred to as the Nyquist criterion (https://www.olympus-lifesc
ience.com/en/microscope-
resource/primer/java/digitalimaging/processing/samplefrequency/). This approach was
used by Wagner et al. (2013), to improve the sampling of the ASCAT product, and
repeated also for the SM product derived from S1. We will introduce a brief explanation of
the concept in the revised manuscript:

...SM data at 25 km spatial resolution (12.5 km spacing) were obtained from ASCAT, while
the high resolution 1 km estimates (500 m spacing) were derived from the application of
S1-RT1 algorithm to Sentinel-1 data (Quast et al., 2019). The spatial sampling was
fixed at one-half of the spatial resolution, according to the Nyquist-Shannon
sampling theorem, to maximize the details of each SM dataset(Wagner et al.,
2013).

 

L55 would require citations because readers would like to know which algorithms the
authors are talking about and why SM2RAIN stands out.

We thank the reviewer for its suggestion. The following reference will be added: Crow et
al., 2009; 2011; Pellarin et al., 2013; Wanders et al., 2015.

Crow, W. T., Huffman, G. F., Bindlish, R., and Jackson, T. J.: Improving satellite
rainfall accumulation estimates using spaceborne soil moisture retrievals, J.
Hydrometeorol., 10, 199–212, 2009. 

Crow, W. T., van den Berg, M. J., Huffman, G. J., and Pellarin, T.: Correcting
rainfall using satellite-based surface soil moisture retrievals: The Soil Moisture
Analysis Rainfall Tool (SMART), Water Resour. Res., 47,
W08521, https://doi.org/10.1029/2011WR010576, 2011. 

Pellarin, T., Louvet, S., Gruhier, C., Quantin, G., and Legout, C.: A simple and
effective method for correcting soil moisture and precipitation estimates using
AMSR-E measurements, Remote Sens. Environ., 136, 28–36, 2013. 

Wanders, N., Pan, M., and Wood, E. F.: Correction of real-time satellite
precipitation with multi-sensor satellite observations of land surface variables,
Remote Sens. Environ., 160, 206–221, 2015. 

SM2RAIN stands out between them as it is the most used among them, as demonstrated
by the more than double number of citations.

 

L148: I am not sure how HESS handles citing unpublished articles. It seems the details on
how S1 data were used to derive the 1km SM product (L134-147) is key to the overall
conclusions. I believe in Quast et al., in preparation., authors should have concluded on
the SM performances based on their RS processing procedures. I think it would be very
helpful if the authors mention some of the major conclusions from Quast et al., if this
unpublished paper needs to be here.

In Quast et.al., a description of the retrieval algorithm alongside an extensive analysis of
the resulting soil-moisture retrieval performance with respect to ERA5 top-layer soil-
moisture (swvl1) will be given.
Since a comprehensive analysis of the soil-moisture retrieval performance requires the



consideration of numerous influencing factors (model parametrization, topography,
landcover, spatio-temporal resolution etc.) including details on the performance-analysis
is out of scope for this publication. However, a sentence summarizing the main findings
has been added to the paper:

…Within the retrieval-procedure, a unique value for N is obtained for each timestamp,
alongside a temporally constant estimate for ts and an orbit-specific estimate for ω for
each pixel individually. based on a 4-year timeseries from 2016-2019. “A comparison of
the obtained RT1 soil-moisture retrievals to ERA5-Land top-layer volumetric
water content (swvl1) for a set of ~138 000 pixels over a 4 year time-period
from 2016 to 2019 achieves an overall (median) Pearson correlation of 0.55 for
areas classified as croplands and 0.65 for areas primarily covered by natural
vegetation.”  A detailed description and performance-analysis of the used soil-moisture
dataset will be given in Quast et al., in preparation.  ….

 

L173-181: it is not clear why ERA-5’s precipitation data (and then derived rainfall data)
are used to calculate the daily climatology, for the parameterized version of the SM2RAIN
rainfall estimates. In my understanding, ERA-5’s rainfall data were coarse and also not
performing the best for Italy. Later, the authors also discussed the high bias may be also
associated with the ERA-5 (Lin 278). Have the authors tried to use other rainfall estimates
(with high spatial resolution and better fidelity in your study region) for this?

We have selected ERA5 due to its global availability and long-term coverage. We
compared the downscaled product against the benchmark rainfall, obtaining average good
correlation (0.701). We have also tried different products. The most promising one was
CHELSAv1, a rainfall climatology product characterized nominally by around 1 km spatial
resolution. Notwithstanding this, we found that the product was heavily driven by
topography in the selected area, and that better performances could be obtained by using
ERA5 rainfall.

 

L194: how was the soil porosity derived? Which soil texture data was used?

The soil porosity was not derived. Both the parameterized and calibrated product estimate
directly the parameter Z* that already comprehend the soil porosity, as specified in
chapter 3.1 and 3.2.

 

Fig. 1: this is not a very typical figure commonly seen in an academic journal. I suggest
the author to draw the Po river basin boundary, and overlay it with the country boundary
maps, on top of topographic maps. This way, the information should be more clearly
conveyed. The later analyses part can also have better reference information to the
topography here (for example, I suggest when discussing about results in Fig. 4, topo in
Fig. 1 can be used as a reference).

We thank the reviewer for its suggestion. Figure 1 will be changed as suggested. Also, the
reference to the figure will be adjusted as following:

…In this study, the Swiss fraction of the Po River basin external from the Italian
boundaries (red area black line in Fig. 1) was excluded from the analysis due to the
unavailability of raingauge data.



Finally, the following sentence will be added to the manuscript, as suggested:

...First of all, it should be noted that while ASCAT derived rainfall product shows average
correlation values over the mountainous region in the North and West of the map (see
Fig.1 for comparison with the DEM map)

 

Fig. 2: figure caption: “30 days rainfall” should be which 30 days or which month?

 The figure caption has been corrected. Now it states:

Figure 2: Estimated average 30 days accumulated rainfall from the parameterized
SM2RAIN applied to ASCAT (Panel a) and S1-RT1 (Panel b) SM product for the period
2016-2019.

 

Minor style issues:

many acronyms have been defined multiple times such as DEM, MCM, etc. I suggest the
authors to check them throughout the paper and remove duplicate acronyms (only define
them at the first appearance).

The double definition of DEM in line 230 will be removed. Each other acronym was defined
twice, once in the text and once in the Conclusion, to facilitate the reading. In order to
avoid misunderstanding, we will remove the definitions in the Conclusion.

 

L291: note inconsistent citation style

We revised the text as suggested.

 

L365: “slight” to “slightly”

We revised the text as suggested.

 

L367: “extreme” to “extremely”

We revised the text as suggested.

 

As also a non-native speaker, I found this paper difficult to follow at many places because
of the use of non-native English. I suggest this paper to go through review or editorial
processes with native speakers, before its final publication.

We thank the reviewer for its suggestion. We will review the text again and decrease the
non-standard usages, as suggested.

 



Please also note the supplement to this comment: 
https://hess.copernicus.org/preprints/hess-2021-563/hess-2021-563-AC1-supplement.zip
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