Editor

Thank you for your thorough responses to the referee reports. I partly agree with the comments
of the referees but I think they can be addressed by 1) clarifying the differences between X-VOD
and L-VOD already in the introduction (provide the motivation why X-VOD is used as proxy
for LAI), and 2) by improving the description of the VOD-LAI scaling. Please include all your
proposed changes in the revised manuscript.

Response:
Many thanks for these suggestions.

In response to your first comment, the following paragraph was included in the
Introduction (L. 79-85 of the revised manuscript):

“Linking VOD to other vegetation indices has been the source of many previous studies. Saatchi
et al. (2011) demonstrates that L-band satellite radar estimations of above ground biomass
(AGB) are strongly impacted by forest structure, and Mialon et al. (2020) shows poor
correlations between L-band VOD and estimated AGB over heavily forested areas of the
Northern hemisphere. Additionally, Rodriguez-Fernandez et al. (2018) and Scholze et al. (2019)
found that L-band VOD conveys large amounts of information relative to AGB, primarily
related to wood biomass in forested areas. Teubner et al. (2021) found that while X-band VOD
correlates well with in situ FLUXNET observations of GPP, L-band VOD is poorly correlated
to GPP over either low of high vegetation types.”

In response to your second comment, the paragraph presenting Figure 2 in Section 2.3.3
was completed and moved at the end of the section. The Python code segment responsible
for re-scaling of VOD values is now given in the supplement to this article.

See L. 229-248 of the revised manuscript:

“Figure 2 shows the time series response of CGLS LAI (green, solid), VODCA VODX (red,
dashed), and VODCA VODC (blue, dotted) near Lincoln, Nebraska from 2003-2018. This pixel
is composed primarily of C3 and C4 crops. LAI observations have a far more predictable and
seasonal pattern. X-band VOD also is a stronger signal compared to C-band. The peaks are
relatively close in timing in this case, but can also be offset due to the difference in peak
vegetation water content. While this figure demonstrates that there is a correlation between LAI
and VOD, it also shows that one cannot be substituted for the other. As was done in Kumar et
al. (2020), VOD observations are seasonally linearly re-scaled to match observed LAI over the
same period, in this case from the CGLS LAI dataset. Before linear re-scaling, the LAI and
VOD observations are first scaled and matched to the same 0.25 x 0.25 grid. A linear monthly
re-scaling was then performed using a 3-month moving window period to best match the two
datasets over seasonal timescales. Over an entire year, this re-scaling is represented by 12
monthly equations each taking into account the climatologies of the months preceding and
succeeding it, and it is applied on a per pixel basis. Each monthly equation is the same from
one year to another. Each equation results from a first-order linear regression. In addition to
this CDF-matching, a 30-day rolling average is applied after the re-scaling to smooth the
resulting LAI proxy, and allow for better performance of the assimilated data. VOD is sensitive



to short term changes in vegetation water content such as rainwater interception (Saleh et al.,
2006). This day-to-day variability does not reflect changes in LAI. For the sake of clarity
regarding the re-scaling methodology, the Python code segment responsible for re-scaling of
VOD values is given in the supplement to this article. Re-scaling is required because the ISBA
LSM cannot simulate VOD directly, and thus we cannot assimilate VOD data directly into the
model. As shown in the Figure 2 time series, as well as what was demonstrated in Albergel et
al. (2018a), LAI and VOD observations are correlated and this relationship enables us to match
the VOD to LAI observations and use the resulting product to assimilate in place of LAI in the
model.”



Reviewer 1

Comment 1.1:

The intense massaging of the VOD data begs the question which signal is ultimately helping
the assimilation system in this paper. It would be good to make this clearer in the manuscript.
The rescaling of VOD to LAI needs to be spelled out more precisely. Is a relationship found
pixel per pixel and per season, or was the relationship based on the CONUS clouds per
vegetation class for all months or only for the growing season or per season presented in Fig
5, or still something else? Unless I missed it, there is also no mentioning of how the discrepancy
in spatial resolution (and the spatial-temporal collocation in general) in VOD and LAI data is
handled to obtain this linear relationship. After rescaling and applying a 90-day rolling
average, the short-term variability is probably gone. Yet, the latter might be very important to
catch the start of the growing season. In the end, it sounds like the only ‘original’ signal that
can improve the assimilation system is of an interannual (and perhaps seasonal) nature. If that
is correct, it needs to be explicitly mentioned in the paper. Finally, the 90-day rolling average
means that the benefit of a filter is defeated: why not simply directly use a smoother and limit
the observation preprocessing?

Response 1.1:

The authors agree that the original description of the VOD re-scaling is insufficient. To
remedy this, the paragraph presenting Figure 2 in Section 2.3.3 was completed and moved
at the end of the section. The Python code segment responsible for re-scaling of VOD
values is now given in the supplement to this article.

See L. 229-248 of the revised manuscript:

“Figure 2 shows the time series response of CGLS LAI (green, solid), VODCA VODX (red,
dashed), and VODCA VODC (blue, dotted) near Lincoln, Nebraska from 2003-2018. This pixel
is composed primarily of C3 and C4 crops. LAI observations have a far more predictable and
seasonal pattern. X-band VOD also is a stronger signal compared to C-band. The peaks are
relatively close in timing in this case, but can also be offset due to the difference in peak
vegetation water content. While this figure demonstrates that there is a correlation between LAI
and VOD, it also shows that one cannot be substituted for the other. As was done in Kumar et
al. (2020), VOD observations are seasonally linearly re-scaled to match observed LAI over the
same period, in this case from the CGLS LAI dataset. Before linear re-scaling, the LAI and
VOD observations are first scaled and matched to the same 0.25 x 0.25 grid. A linear monthly
re-scaling was then performed using a 3-month moving window period to best match the two
datasets over seasonal timescales. Over an entire year, this re-scaling is represented by 12
monthly equations each taking into account the climatologies of the months preceding and
succeeding it, and it is applied on a per pixel basis. Each monthly equation is the same from
one year to another. Each equation results from a first-order linear regression. In addition to
this CDF-matching, a 30-day rolling average is applied after the re-scaling to smooth the
resulting LAI proxy, and allow for better performance of the assimilated data. VOD is sensitive
to short term changes in vegetation water content such as rainwater interception (Saleh et al.,



2006). This day-to-day variability does not reflect changes in LAI. For the sake of clarity
regarding the re-scaling methodology, the Python code segment responsible for re-scaling of
VOD values is given in the supplement to this article. Re-scaling is required because the ISBA
LSM cannot simulate VOD directly, and thus we cannot assimilate VOD data directly into the
model. As shown in the Figure 2 time series, as well as what was demonstrated in Albergel et
al. (2018a), LAI and VOD observations are correlated and this relationship enables us to match
the VOD to LAI observations and use the resulting product to assimilate in place of LAI in the
model.”

Comment 1.2:

Related to the above, the choice to evaluate the results only in terms of Pearson correlation
needs to be explained. Is it not more common to evaluate at least soil moisture in terms of
anomaly correlations? And how about including an evaluation in terms of unbiased RMSD, or
at least mention if the story remains the same for other metrics?

Response 1.2:

The second paragraph of section 2.5 was reworded. See L. 320-326 of the revised
manuscript:

“The primary statistical score used in this study is the Pearson’s correlation coefficient (R).
The correlation is chosen as it is a simple, yet effective, measure of proximity to reference
datasets. The average correlation as well as distribution of correlations can allow the quick
assessment of improvement or degradation, and are consistent with previous studies of LSMs
and LSVs. Root mean squared deviation (RMSD) was also calculated for the comparisons to
reference observations, showing the same results as with correlation, and are thus not shown.
In addition to the correlation, a normalized information contribution (NIC) is calculated for R
as shown in Equations 1. This NICR, following Kumar et al. (2009), is normalized and thus
allows for inter-comparison while accounting for differences between variables and regions.”

In this work we preferred using R than anomaly correlation because the previous study
from Albergel et al. (2018) has shown that NIC for anomaly correlation is too optimistic
(i.e. less stations presented negative NIC values for anomaly correlation NIC).

Comment 1.3:

The monthly correlations (fig 7, 12) are not clear: (i) are all time steps included, i.e. both
forecasts and analysis time steps, and at which temporal resolution, (ii) are these values spatial
correlations between simulations and reference data, temporally averaged per month, or (iij)
are these values multi-year temporal correlations computed at each location and then spatially
averaged? It would be nice to also (1) compute confidence intervals for these monthly
correlations; (2) show the number of pixels involved per month (the high correlations for SSM
in the winter month might be applicable to far less pixels, if QC screening was applied).

Response 1.3:



These correlations are produced by combining all points in the domain into a single, long,
time series, where the correlation is then computed against the observations processed in
an identical way. This provides only one correlation score over the domain for each period.
However, the significance of the score is strengthened due to the very large sample length
(15 years are considered over a large domain containing more than 24000 land grid cells
at a spatial resolution of 0.25 x 0.25 degrees). This description has also been added to the
manuscript text in section 2.5. See L. 327-331 of the revised manuscript:

“When calculating correlation to satellite-based observations of LAI, ET, GPP, and SSM, the
correlations are produced by combining all points in the domain into a single, long, time series,
where the correlation is then computed against the observations processed in an identical way.
This provides only one correlation score over the domain for each period. However, 330 the
significance of the score is strengthened due to the far larger sample length (15 years are
considered over a large domain containing more than 20000 pixels).”

Comment 1.4:

Please read the manuscript thoroughly another time. There is some imprecise language and
there are plenty of grammar issues. Random examples are listed here (the paper is full of issues;
far too many to start noting).

Response 1.4:

Changes have been made to correct the noted problems. Remaining problems would be
solved after the final BG copy editing phase. See below for each individual correction in
the revised manuscript.

= L. 5-L. 8: This capability -> this positive impact (implicit flow of thoughts) and L. 5
difference between model simulations and forecasts (drop forecasts?)

See L. 3-7 of the revised manuscript:

“It jointly assimilates satellite-derived observations of leaf area index (LAI) and surface soil
moisture (SSM) into the Interactions between Soil Biosphere and Atmosphere (ISBA) land
surface model (LSM), increasing the 5 accuracy of the model simulations of the LSVs. The
assimilation of vegetation variables directly impacts RZSM through seven control variables
consisting in soil moisture of seven soil layers from the soil surface to 1 m depth. This positive
impact is particularly useful in dry conditions, where SSM and RZSM are decoupled to a large
extent.”

e L. 8: due to the low temporal..., [which is] at best [,] every ten days, and can suffer
L. 8 now reads:

“However, this positive impact does not reach its full potential due to the low temporal
availability of optical-based LAI observations, which is at best, every ten days, and can suffer



from months of no data over regions and seasons with heavy cloud cover such as winter or
monsoon conditions.”

= L.13: far more .. than.. product*s* (or *an* optical product...)
L.13 now reads:

“The Vegetation Optical Depth Climate Archive (VODCA) dataset provides near-daily
observations of vegetation conditions, far more frequently than optical based products such as
LAL”

. L.110: for nature tiles. What is “nature”? There is a hint on line 135, that the model
converts urban to bare rock — and rocks are nature?

Nature tiles are all non-urban surfaces. Section 2.2.1 now begins with (L. 123):

“For nature (i.e. non-urban) tiles as determined by land use databases, the ISBA LSM simulates
heat, carbon, water, and other surface fluxes.”

. L. 119: NIT option not explained.

The NIT option allows for the simulation of non-woody above ground biomass, both leaf
and structural, as well as transition the LAI variable from being prescribed to diagnostic
based on the leaf biomass. This is described in L. 131-134 of the revised manuscript. NIT
itself is not an acronym.

= L. 176: LAI that has been of direct estimations... (rephrase?).
This sentence now reads (L. 188 of revised manuscript):

“Previous implementations of LDAS-Monde have directly assimilated LAI products from
optical observations.”

= L. 182: large -> long wavelengths

“large” has been replaced with “long” (see L. 194 of revised manuscript).

. L. 192: VODX and VODC are not known to everyone, introduce

Section 2.3.3 now includes the following line (L. 200-202 of revised manuscript):

“VOD is separated into wavelength bands based on the radiation wavelengths from which they
are derived. This study examines C-band (3.75 to 7.50 cm) and X-band (2.50 to 3.75 cm) VOD,
while also discussing L-band (15 - 30 cm) VOD.”

= L. 290: mention spatial resolution of simulations?
Section 2.5 now begins with the following line (L. 308 of revised manuscript):

“The experiments performed and reported in this study occur over the Contiguous United States
(CONUS) from 2003 to 2018 at 0.25° x 0.25° spatial resolution.”

= L. 387:, and all the model, and even all the observations... (rephrase)

L. 415 of revised manuscript now reads:



“On average, the month of May sees some of the fastest vegetation change of the year for
CONUS.”

= L. 553: first sentence is poorly constructed, rephrase.
L. 580 of revised manuscript, section 5, now reads:
“This study finds a generally positive relationship between observations of LAI and VODX.”

= Throughout: use the same number of significant numbers in the text and figures (we
have everything from 0.8, to 0.66 to 0.795 for R-values)

All reported scores in the text and tables are now given with two significant figures.

Comment 1.5:

L. 58: Assimilation here assumes a dynamic vegetation model, which is not present in all LSMs.
In the broad sense, LAI assimilation could also refer to an updating of input LAI parameters.

Response 1.5:

L. 58 now specifies that this is applicable with LSMs capable of dynamically simulating
vegetation.

“LAI, for example, can be constrained indirectly in LSMs capable of dynamically simulating
vegetation, through the assimilation of LSVs such as brightness temperature (Vreugdenhil et
al., 2016; Sawada et al., 2020) and radar backscatter 60 (Lievens et al., 2017; Shamambo et
al., 2019).”

Comment 1.6:

L. 107: is the same 20% error applied to actual LAI observations and VOD observations that
are rescaled to LAI? Or did you ‘rescale’ the observation error somehow? Figure 4 implicitly
shows that the observation error (relative to the model LAI) will be different for both. It would
be nice to check the error between the model LAI and the observed LAI and the LAI-rescaled
VOD and at least correct the observation error accordingly to interpret the results.

Response 1.6:

In reality, in Barbu et al. (2011) and Fairbairn et al. (2017) both background and
observation error standard deviations were represented in the same way for LAIL A 20%
observation error was applied to LAI values larger than 2 m2m-2. A constant error value
of 0.4 m2m-2 was used for LAI values below 2 m2m-2. In this study, we follow the
approach proposed by Albergel et al. (2017): background LAI model errors are prescribed
as in Barbu et al. (2011) and Fairbairn et al. (2017) but LAI observation errors are fixed
as 20% of observed LAI values. The LAI proxy derived from the re-scaled VOD is also
assimilated with these prescribed observation error standard deviation of 20%. This has
been stated at the end of section 2.1, L. 118-121 of revised manuscript:



“Additionally, when assimilating re-scaled VOD observations, the same 20% error is applied
as with LAI assimilation. The first assumption was to apply to the rescaled VOD the same error
as for LAI, that had been proposed by Barbu et al. (2011) and subsequently applied by Fairbairn
et al. (2017). Further work would be required to assess to what extent this value is applicable
to the re-scaled VOD.”

Comment 1.7:

L. 156: hard to believe that the CCI product provides *daily* data from 1978 onwards. If so,
then some interpolation must have happened, and it would not be recommended to assimilate
interpolated data.

Response 1.7:

We agree. Not all time periods from 1978 are covered by daily data. “daily” was deleted
(L. 168 of revised manuscript).

While the temporal sampling of the merged CCI SM product is 1 day (section 7.2.1 in
https://esa-soilmoisture-
cci.org/sites/default/files/documents/public/CCI%20SM % 20v06.1%20documentation/E
SA _CCI_ SM_RD _D2.1 v2 ATBD v06.1 issue 1.1.pdf), not all days have associated
observations. Figure 6 in the CCI Product Validation and Intercomparison Report
(https://esa-soilmoisture-
cci.org/sites/default/files/documents/public/CCI%20SM %20v06.1% 20documentation/E
SA_CCI_SM_D4.1 v2 PVIR v6.1 issue_1.0.pdf) shows the fractional number of valid
soil moisture observations per month over the globe.

Comment 1.8:

ALEXI and FLUXCOM both use MODIS LAlI-related data at some point. Would you expect
even more consistency with these ‘reference products’ when assimilating MODIS LAI? What is
the issue about data access for FLUXCOM? (this is really for the FLUXCOM developers - I
want to raise awareness for open data access).

Response 1.8:

It is likely that using MODIS LAI would allow for more consistency with the ALEXI and
FLUXCOM products. Assimilating CGLS instead of MODIS LAI allows a more
independent evaluation from ALEXI and FLUXCOM. However, a comparison
assimilating MODIS LAI as well as using it for the linear re-scaling could be an interesting
future pursuit. Regarding the data access for FLUXCOM, when conducting the analysis,
the data was not accessible, and only the data that had been already downloaded was used.
However, it looks like the FTP is now running without any access issues.

Comment 1.9:


https://esa-soilmoisture-cci.org/sites/default/files/documents/public/CCI%20SM%20v06.1%20documentation/ESA_CCI_SM_RD_D2.1_v2_ATBD_v06.1_issue_1.1.pdf
https://esa-soilmoisture-cci.org/sites/default/files/documents/public/CCI%20SM%20v06.1%20documentation/ESA_CCI_SM_RD_D2.1_v2_ATBD_v06.1_issue_1.1.pdf
https://esa-soilmoisture-cci.org/sites/default/files/documents/public/CCI%20SM%20v06.1%20documentation/ESA_CCI_SM_RD_D2.1_v2_ATBD_v06.1_issue_1.1.pdf
https://esa-soilmoisture-cci.org/sites/default/files/documents/public/CCI%20SM%20v06.1%20documentation/ESA_CCI_SM_D4.1_v2_PVIR_v6.1_issue_1.0.pdf
https://esa-soilmoisture-cci.org/sites/default/files/documents/public/CCI%20SM%20v06.1%20documentation/ESA_CCI_SM_D4.1_v2_PVIR_v6.1_issue_1.0.pdf
https://esa-soilmoisture-cci.org/sites/default/files/documents/public/CCI%20SM%20v06.1%20documentation/ESA_CCI_SM_D4.1_v2_PVIR_v6.1_issue_1.0.pdf

The text jumps from Fig. 9 to Fig 12; Fig 10-11 are only discussed later. Re-order the figures;
perhaps the latter figures can even be removed and be presented in a table (~ Table 4).

Response 1.9:

Figures 10 and 11 were deleted.

Comment 1.10:

The impact on SSM is negligible in this paper and not all in line with other studies. Is the system
designed to minimally update SM, i.e. to avoid harm? How general is the conclusion that
vegetation DA has a greater impact? Is it just for the ISBA model or would you expect it to be
general for all LSMs?

Response 1.10:

To the best of our knowledge, many similar studies assimilating SSM using state of the art
land surface models (e.g. Martens et al. 2007, de Rosnay et al. 2013) obtained the same
kind of results. The following paragraph has been added to the Discussion (now in section
4.3, L. 565-569):

“The small impact of assimilating SSM can be explained by the fact that we use a state-of-the-
art land surface model able to represent diffusion processes into the soil. In dry conditions, the
simulated SSM is decoupled from soil moisture of deeper soil layers. As a result, assimilating
SSM has a limited impact on the model state variables (Parrens et al., 2014). On the other hand,
directly assimilating LAI impacts deep soil layers and a more efficient analysis of root-zone soil
moisture can be done than assimilating SSM alone (see also Fig. 4 in Albergel et al. (2017)).”

References:

De Rosnay, P.; Drusch, M.; Vasiljevic, D.; Balsamo, G.; Albergel, C.; Isaksen, L. A
simplified Extended Kalman Filter for the global operational soil moisture analysis at
ECMWE. Q. J. R. Meteorol. Soc. 2013, 139, 1199-1213.

Martens, B., Miralles, D. G., Lievens, H., van der Schalie, R., de Jeu, R. A. M., Fernandez-
Prieto, D., Beck, H. E., Dorigo, W. A., and Verhoest, N. E. C.: GLEAM v3: satellite-based
land evaporation and root-zone soil moisture, Geosci. Model Dev., 10, 1903-1925,
https://doi.org/10.5194/gmd-10-1903-2017, 2017.

Parrens, M., J.-F. Mahfouf, A. Barbu, and J.-C. Calvet: Assimilation of surface soil
moisture into a multilayer soil model: design and evaluation at local scale, Hydrol. Earth
Syst. Sci., 18, 673-689, https://doi.org/10.5194/hess-18-673-2014, 2014.

Comment 1.11:

L. 505 (section 4.1): why is there a discussion about L-band VOD if no L-band VOD is used in
this paper? Similarly, why is section 4.4 in this paper?

Response 1.11:



In this paper, we mention L-band VOD as there may be links between the research
conducted with L-band and other microwave frequencies in the context of vegetation data
assimilation. See also Response 2.1 to Reviewer 2. Title of Section 4.1 was changed and
this section now begins with (L. 522-535 of revised manuscript):

“In the comparison of VOD and LAI before seasonal linear re-scaling, it is immediately
apparent that vegetation type plays a large role in their relationship. These values seen and
described in the results seem to indicate that heavily forested regions have only weak
correlations between VOD and LAI observations. In this research, the improvements to GPP
from the assimilation of X-band VOD can be explained by a better sensitivity of X-band VOD
to the leaf biomass. While direct assimilation of VOD may be possible in some data assimilation
systems (such as L-band VOD in CCDAS, as performed by Scholze et al. (2019)), this is not
possible in LDAS-Monde, as the NIT version of ISBA simulates neither wood biomass nor
specific leaf area (SLA), both necessary for simulating VOD. Additionally, the objective of VOD
data assimilation in CCDAS is to constrain certain model parameters, while the objective of
assimilating re-scaled X-band VOD in LDAS-Monde is to sequentially assimilate observations
in order to constrain the day-to-day trajectory of the ISBA state variables, without changing
model parameter values. Although ISBA is an uncalibrated model, it performs as well as other
state-of-the-art models in inter-comparison experiments (e.g. Fig. B2 in Friedlingstein et al.
(2020)), even without assimilation. Moreover, studies have shown that VOD may be sensitive to
rainwater interception by leaves (e.g. Saleh et al. (2006)). The ISBA model is able to simulate
interception, but there is no simple way to simulate the physical interception effect on VOD. It
is for this reason that a statistical re-scaling of VOD towards an LAI proxy was pursued.”

Section 4.4 was originally in the article to identify concrete next steps taken for this
research. However, as the specifics of future drought monitoring studies are not necessary
for this article, we have removed this section, and instead added the following addition to
the Discussion section 4.3 (L. 576-578 of revised manuscript):

“By improving initial conditions of the LDAS, next steps also include testing drought
forecasting by combining these known improvements through more frequent and joint
assimilation of observations with LDAS-Monde’s forecast capacity. The analysis of drought
forecast accuracy and potential warning time could prove useful for agricultural managers and
stakeholders.”



Reviewer 2

Comment 2.1:

After reading this work, I admit that the data assimilation algorithm and the experiments
conducted with LDAS-Monde is reasonable, but the only thing I am not convinced is the replace
of LAI with VOD. This paper made the assumption mainly based on Kumar et al. (2019) with
showed VOD can be seen linear with LAI. But we need to keep in mind that Kumar et al. (2019)
also pointed out that VOD is different from LAI. The authors also showed in Fig.2. From a
modeler's perspective, I feel this is too bold to do so and use this data for assimilation. Because
this looks more like a forced matching of VOD to LAI. Some other papers (e.g. Rodriguez-
Ferndndez et al., 2018) have pointed out that VOD contained both information about LAI and
biomass, and the assimilation of VOD together with soil moisture has been successfully
conducted in the Carbon Cycle Data Assimilation System (CCDAS) by Scholze et al. (2019). So
I think the simulation of VOD by LSM is already possible. Therefore I do not agree that the re-
scaling of VOD to LAI is due to the lack of model representation on VOD.

Response 2.1:

Your primary concern is regarding the seasonal linear re-scaling technique to match VOD
to LAI, and the subsequent assimilation of the re-scaled VOD. In this research, the
seasonal linear re-scaling is a statistical generalization, but it is also a method that has
been nearly identically performed in Kumar et al. (2020). This article advances the same
methodology by applying it to LDAS-Monde. A novelty with respect to the work of Kumar
is that this assimilation directly impacts the model root-zone soil moisture layers (1-
100cm), which is a unique capability of LDAS-Monde so far. The authors do fully
acknowledge that VOD is not LAI. This is why a complex seasonal rescaling had to be
performed to obtain a proxy of LAI from VOD. We realize that writing “linear rescaling”
or “linearly rescaled” can be misleading. This has been corrected in the revised version of
the paper, noting that it is a seasonal linear re-scaling. It is also true that VOD observations
may convey other information such as biomass as demonstrated in Fig. 8 of Rodriguez-
Fernandez et al. (2018), and by Scholze et al. (2019). However, the latter studies used L-
band VOD (from SMOS), while in this study X-band VOD is used. The L-band allows a
much better penetration of the microwave signal through vegetation than at X-band. As a
result, the latter is mainly sensitive to the leaf biomass while SMOS VOD data are mostly
related to the wood biomass in forested areas. Teubner et al. (2021) showed that while X-
band VOD correlates well with in situ FLUXNET observations of GPP, L-band VOD is
poorly correlated to GPP over either low of high vegetation types. The better GPP-VOD
correlation at X-band could be explained by a better sensitivity of X-band VOD to the leaf
biomass. In the analysis of the X-band VOD vs. LAI relationship, we have found that
overall, there is a link between the two variables, as also shown in previous literature. This
is an argument for seasonally rescaling X-band VOD. Additionally, while it may be
possible to directly assimilate L-band VOD in CCDAS as performed by Scholze et al.
(2019), this is not possible in LDAS-Monde, as the NIT version of ISBA now used in LDAS-
Monde does not simulates the wood biomass capable of simulating VOD, nor changes in



specific leaf area (SLA), that would be needed to simulate VOD. Moreover, studies have
shown that VOD may be sensitive to rainwater interception by leaves (e.g. Saleh et al.
2006). The ISBA model is able to simulate interception but as far as we know, there is no
simple way to simulate the physical interception effect on VOD. It is for this reason that a
statistical re-scaling of VOD towards an LAI proxy was pursued. As described in the
discussion section, these results will be used to pave the way towards more efficient
assimilation of level 1 observations using machine learning techniques.

The following paragraph was added to the Introduction (L. 79-85 of revised manuscript):

“Linking VOD to other vegetation indices has been the source of many previous studies. Saatchi
et al. (2011) demonstrates that L-band satellite radar estimations of above ground biomass
(AGB) are strongly impacted by forest structure, and Mialon et al. (2020) shows poor
correlations between L-band VOD and estimated AGB over heavily forested areas of the
Northern hemisphere. Additionally, Rodriguez-Ferndndez et al. (2018) and Scholze et al. (2019)
found that L-band VOD conveys large amounts of information relative to AGB, primarily
related to wood biomass in forested areas. Teubner et al. (2021) found that while X-band VOD
correlates well with in situ FLUXNET observations of GPP, L-band VOD is poorly correlated
to GPP over either low of high vegetation types.”

The Python code segment responsible for re-scaling of VOD values is now given in the
supplement to this article.

The following paragraph was added to Section 4.1 (L. 524-525 of revised manuscript):

“In this research, the improvements to GPP from the assimilation of X-band VOD can be
explained by a better sensitivity of X-band VOD to the leaf biomass.”

We have included the following references:
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Comment 2.2: Therefore, I do not think this paper can be published in its current shape, unless
the authors solve the problems in simulating VOD by the LSM. Before doing that, I do not think
the detailed comments on the context is helpful for the authors, even I made some from my side.

Response 2.2:

In order to avoid misunderstandings, we have emphasize that assimilation in LDAS-
Monde differs from the assimilation in CCDAS. While the objective of CCDAS is to
constrain model parameters values, LDAS-Monde consists of sequentially assimilating
observations in order to constrain the day-to-day trajectory of the ISBA state variables,
without changing model parameter values. Although being an uncalibrated model, ISBA
performs as well as other state-of-the-art models in intercomparison experiments (e.g. Fig.
B2 in Friedlingstein et al. 2020), even without assimilation. In order to improve the paper,
we propose rewording parts of the discussion section to better describe the shortcomings
of the re-scaling methodology, and how it is leading to more efficient assimilation of
microwave level 1 observations in future studies.

The following has been added in section 4.1 (L. 526-535 of revised manuscript):

“While direct assimilation of VOD may be possible in some data assimilation systems (such as
L-band VOD in CCDAS, as performed by Scholze et al. (2019)), this is not possible in LDAS-
Monde, as the NIT version of ISBA simulates neither wood biomass nor specific leaf area (SLA),
both necessary for simulating VOD. Additionally, the objective of VOD data assimilation in
CCDAS is to constrain certain model parameters, while the objective of assimilating re-scaled
X-band VOD in LDAS-Monde is to sequentially assimilate observations in order to constrain
the day-to-day trajectory of the ISBA state variables, without changing model parameter values.
Although ISBA is an uncalibrated model, it performs as well as other state-of-the-art models in
inter-comparison experiments (e.g. Fig. B2 in Friedlingstein et al. (2020)), even without
assimilation. Moreover, studies have shown that VOD may be sensitive to rainwater
interception by leaves (e.g. Saleh et al. (2006)). The ISBA model is able to simulate interception,
but there is no simple way to simulate the physical interception effect on VOD. It is for this
reason that a statistical re-scaling of VOD towards an LAI proxy was pursued.”
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M., Benoit-Cattin, A., Bittig, H. C., Bopp, L., Bultan, S., Chandra, N., Chevallier, F., Chini,
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T., Palmer, P. L., Pierrot, D., Poulter, B., Resplandy, L., Robertson, E., Rodenbeck, C.,
Schwinger, J., Séférian, R., Skjelvan, I., Smith, A. J. P., Sutton, A. J., Tanhua, T., Tans, P.
P., Tian, H., Tilbrook, B., van der Werf, G., Vuichard, N., Walker, A. P., Wanninkhof, R.,
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