Scientific/Detailed Comments: Referee comments in bold and author answer non-bold.

This reviewer appreciates the author’s responses to the initial set of questions and concerns.
This reviewer also appreciates the authors running additional simulations using the CLM5-SP
implementation (prescribing LAI) to help better diagnose why adjusting of SWC does not
impact ET. This reviewer believes this work is potentially relevant and useful to the scientific
community, and acknowledges the considerable amount of work and preparation to
performing multiple site level runs. However, this reviewer still has multiple critical concerns
that were not addressed by the manuscript revisions:

1) Although the authors implement CLMS-SP simulations to prescribe LAI, it seems they have
re-used the same optimized parameters (sand/clay/organic fraction) based on the CLMS-BGC
simulations. These parameters are inappropriate to use with CLMS-SP, because they have
compensated for biases in LAI during the CLMS5-BGC runs and would not allow for a proper
diagnosis of the impact of LAI on ET. The author’s should perform a separate parameter
optimization with CLM5-SP.

We thank the reviewer for the comment, but there has been a misunderstanding. We did not re-use
the same optimized parameters based on CLM5-BGC as assumed by the reviewer. For both CLM5-
SP and CLM5-BGC simulations, we start with the same values for sand, clay, organic fraction based
on the default CLMS5 surface file creation data sets. For the data assimilation with parameter
updates the method, as described in section 2.3.2, is used for both CLM5-BGC and CLMS5-SP
simulations which results in different parameter updates for the CLM5-BGC and CLM5-SP
simulations. Therefore, the CLMS5-SP simulations do not contain any information from the CLMS5-
BGC simulations.

To clarify this, we added the following sentence: “The CLMS5-SP OL and DASP simulations do not
use any information from the CLM5-BGC simulations which implies that for the CLM-SP DASP
simulations parameters are estimated independently from the CLM5-BGC simulations”.

Lines: 320 - 323

2) The author’s have not provided a full SWC profile (1-100 cm) of the prior and posterior
values to compare against the root profile for each site. Without this information, it is unclear
if the update of the SWC signficantly impacts soil moisture below 5 cm. The author’s only
provide Scm and 50 cm snapshots of all-site averages of these values, which makes it
impossible to diagnose why SWC updates have minimal impact on ET. It could be the SWC
updates are only superficial (~5 cm) and do not overlap with the majority of the root profile
(1-100 cm). The authors do not present the reader with a profile of the root profile so again,
diagnosis of the results remain challenging.

We thank the reviewer for this suggestion. We have added figures showing the SWC profiles for OL
and DASP and the root profile for each site. Figure 5 shows how SWC is updated throughout the
soil layers for different sites and as function of depth.
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Figure 5: Profile plots for the first 10 layers, showing the root fraction and the time-averaged SWC
per depth for each site. In the SWC profiles, the red and green lines represent the SWC from the
open-loop simulations (OL) and DASP simulations, respectively.

Changes in text:

Figure 5 shows the vertical profile of the root fraction and the ensemble SWC average for the OL and
DASP simulations at each site. The SWC is updated for all layers, including the layers with the largest
root fraction, but the magnitude of the changes varies strongly between sites. For most sites the data
assimilation changes the absolute SWC values while the shape of the vertical profile remains similar
to the OL simulations. FI-Hyy and FI-Sod show a different response with SWC decreases in the upper
25 to 50 cm and a SWC increase in the deeper layers.

Lines: 291 - 296



3) This reviewer still has concerns about the methodology to update soil/clay/ organic matter
fraction to indirectly influence the true soil hydraulic parameters. This reviewer sympathizes
that when the authors attempted to update the soil hydraulic parameters directly they
experienced edge-hitting conditions. However, this was likely because these parameters were
compensating for other significant model structural error in the original simulations (biased
LAI). Would recommend that the authors optimize the true soil hydraulic parameters using
CLMS-SP.

We understand the concerns of the reviewer, but we like to emphasize that the focus of this study is
on CLM5-BGC. We included some results from CLMS5-SP only for comparison as recommended by
the reviewer. We therefore believe that these suggestions go beyond the scope of this work. In
addition, as already mentioned before, the indirect updating of soil hydraulic parameters through the
use of sand/clay/organic matter fractions and pedotransfer function is an established method. This
has also been shown in many studies that we have cited in both the introduction chapter and in our
response in the first revision.

4) Putting this reviewer’s objections to the methodology aside (point 3), the author’s still have
not provided the prior and posterior values of the soil/clay/organic parameters that they
optimized during this study. Therefore it is impossible to diagnose how significant the
parameter updates were, if the updates were physical, or if the updates occurred across the
full root profile (1-100 cm). This makes it impossible to address to what extent these
parameter updates should impact ET.

We thank the reviewer for this suggestion. In the previous revision, we already included Figure 5,
A8, A9, A10 to show the time evolution of the hydraulic parameters. In this revision, we have
replaced the previous Figure 5 with Figure 7, 8, and 9 for the prior / posterior profile of the
soil/clay/organic parameters.
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Figure 7: Profile plot showing the sand fractions for the first 10 layers of all 13 sites.
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Figure 8: Profile plot showing the clay fractions for the first 10 layers of all 13 sites.
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Figure 9: Profile plot showing the organic matter fractions for the first 10 layers of all 13 sites.

This reviewer commends the authors for including CLMS-SP simulations which is a step in
the right direction. However, for all of thes reasons stated above, regretfully, this reviewer
cannot recommend this manuscript for publication. See detailed responses to the author’s
responses to tracked changes version of the manuscript below:

Response to Review comments by Referee #2:

“This could be caused by the mismatch of simulated and actual LAI for these sites. To
investigate this, we repeated the simulations using CLMS with satellite-derived phenology
(CLMS5-SP). The results are shown in Fig. 9. For CLMS-SP we observe an average
improvement in the RMSE of SWC between 57.6 % and 64.3 % and an average RMSE
deterioration of 5.8 % for the ET estimation.”



To first order — before even looking at SWC and ET estimation, did the CLM5-SP simulations
improve the simulated LAI as compared to the CLM5-BGC simulations? Where do you show
this? I was hoping you would have updated Figure 11 and Figure 12 and Figure 14 with your
improved LAI for the CLMS5-SP runs, but you haven’t done this. In what way is LAI
impacting the SWC? It’s improving the RMSE SWC, but why? Is it improving the biases, or
is the seasonal pattern improved?

We thank the reviewer for this suggestion. We have now included the LAI comparison for CLMS5-
BGC and CLM5-SP in Fig 18. However, since the focus of the study is not to compare these two
different models but to study the impact of SWC assimilation on the ET estimation of CLM5-BGC,
we believe that investigating the difference between CLM5-SP and CLM5-BGC to this extent is
beyond the scope of this work. As already mentioned in a previous response, we will take up this
topic in a future study.

Changes in text:

“Figure 18 shows the LAI for each site averaged over all the simulated years and the difference
between the prescribed LAI used in CLMS5-SP and the estimated LAI from CLM5-BGC. Sites with
the same PFT show clear differences in the yearly LAI cycle.*

Figure 18 (formerly 14) has been changed.
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Figure 18: Seasonality of simulated LAI for each of the sites. The red line represents predicted LAI
from the CLM5-BGC-DASP simulations and the blue line represents LAI inputs used in the CLMS5-
SP-DASP simulations.

Lines: 371 - 373

“These CLMS5-SP simulations use the default datasets from CLMS5 and without site specific
calibration of the timing or magnitude of the seasonal phenology of LAI. Therefore, even for
the CLM5-SP simulations, there is a mismatch between simulated and actual LAL”

Yes, the default approach in CLMS5-SP is for the site level LAI to be prescribed by the site
level climatology, however, the user can also prescribe the site level LAI manually from the
site level observations. This would be the recommended approach for this application.
Because the author’s identify there is a mismatch between simulated and actual LAI, they
*have* the observed LAI so it is not clear why they did not use it for the CLMS5-SP
simulations.



We agree that for CLMS5-SP studies the best approach would be to prescribe the site level LAI
manually, however we do not have the observed LAI for these sites at hand. Unfortunately
collecting and preparing the site level LAI for a comparison with CLM5-SP is beyond the scope of
this work. We will take up this topic in a future study, as already mentioned in a previous response.

Changes in text:

“Because the focus of this study is on CLM5-BGC, these CLM5-SP simulations use the default

(13

datasets from CLMS since in-situ LAI measurements for these sites were not available.

Lines: 319 - 320

“Another possible explanation for the improvement in SWC estimation but no improvement
of ET estimation is the underestimation of root water uptake from deeper soil layers for forest
sites, as also suggested by Shrestha et al. (2018). ”

Here are other more likely explanations for the lack of improvement of ET. First, the authors
have seemed to re-use the same optimized parameters from their previous CLMS-BGC DA
and DASP simulations and applied those same parameters to the CLM5-SP simulations. If it
was done that way, the methods are incorrect. The optimized parameters from the CLMS5-
BGC simulations are biased because they compensated for strong biases (error) in the LAI
The CLMS-SP simulations have removed the majority of the simulated LAI bias, and
therefore the DA and DASP simulations should have been run again to calibrate *new*
parameters with CLMS5-SP.

A second reason is that the authors have not convincingly shown that updates to the SWC or
soil/clay/organic parameters were significant, or coincided with the majority of the root
profile, which is the critical factor in improving the water root uptake and ET.

A third reason for the disconnect between SWC and ET is that the authors optimized
clay/sand/organic soil fraction and parameters related to root uptake of soil water, but *did
not* look at hydraulic parameters related to the transfer of water from root to leaf, or
parameters related to stomatal conductance which are critical for controlling ET. This
reviewer recommended these authors take this approach in the previous set of reviews and
this reviewer’s advice was disregarded.

We thank the reviewer for the comment, but we did not re-use the same optimized parameters as
explained in the answer above. We have now included a figure showing the SWC update in profile
and the root fraction profile. As mentioned before, the parameters chosen for updating are designed
to improve the SWC representation of the model. The objective of this study is to improve model
SWC estimation with data assimilation of high-quality in-situ observations and updating of the
SWC relevant parameters and then see how this improved SWC impacts the ET estimation.
Nevertheless, we agree that this topic is relevant and mention in both the discussion and conclusion
that adding additional ET specific parameters are necessary to further improve ET estimation.
However, since this goes beyond the scope of this work, we will take up this topic in a future study.



Changes in text:

“In this study, the parameters are chosen to optimize the SWC estimation and not ET estimation to
study the effects of SWC improvements on ET. To more directly improve the ET estimation,
parameters that are critical to the ET process should be added, e.g. vegetation hydraulic parameters
that are related to the transfer of water from the root to leaf or parameters related to stomatal
conductance.”

Lines: 231 - 235

“Soil texture data are always subject to uncertainties and therefore it is reasonable to not fix
them. Therefore, the indirect approach of updating soil characteristics, i.e. sand, clay, and
organic matter fraction, to update the soil hydraulic parameters using a pedotransfer function
was used in various studies (Naz et al., 2019; Han et al., 2014; Baatz et al. 2017).”

Treating soil clay and organic matter fractions as parameters to be calibrated, to indirectly
improve the soil conductivity of water, instead of directly calibrating the plant and soil
hydraulic parameters directly, is not justified in this reviewer’s opinion. This would be similar
to trying to calibrate a photosynthetic parameter to improve the simulation of photosynthesis,
but instead of calibrating the photosynthetic parameter directly, calibrating the % plant
functional type distribution at the site.

We thank the reviewer for the comment, but we disagree that the indirect approach is not justified
and as shown in the citations has been used as a method in previous studies. The indirect approach
is more similar to combining the parameters that are related to each other with a well established
function (in our case the pedotransfer function from Clapp and Hornberger (1978)) and using the
combined proxy parameter in the update instead of calibrating multiple parameters independently.

Changes in text: See previous answer.

“Secondly, we performed data assimilation using a direct approach to update combinations of
soil saturated hydraulic conductivity, hydraulic conductivity exponent, porosity, and
saturated soil matric potential but found that indirectly updating sand, clay, and organic
matter fractions using pedotransfer functions provides better results. Specifically, we found
that parameters often approached upper or lower defined limits, which did not happen with
the indirect approach. Updating the solid fractions provided in general more stable parameter
estimates and better simulation results.”

What are you going to learn by optimizing sand/clay and organic matter fractions, without
validating them against observations? What can you learn by this to improve other
simulations? I don’t see how that is advancing the scientific understanding of the relationship
between soil moisture and ET. It is more likely you just haven’t optimized the parameters that
are most influential in the control between ET and soil moisture — those related to stomatal
conductance and hydraulic parameters that control the water transfer from root to leaf.

We thank the reviewer for the comment. Firstly, the purpose of the parameter updating with the
state augmentation approach is to improve the SWC estimation during the simulation based on the



observations. Secondly, the indirect approach is helpful to make use of the optimized parameters in
further simulations. Because the updated sand, clay, and organic matter fraction can be easily added
to the surface properties while currently CLMS5 does not have the soil hydraulic parameters in any
input file and therefore requires code changes to include in any further simulations for the same
sites. Finally, as mentioned previously we agree that other parameters are also important to the
SWC — ET relationship and we will include them in further studies.

Changes in text:

“In this study, the parameters are chosen to optimize the SWC estimation and not ET estimation to
study the effects of SWC improvements on ET. To more directly improve the ET estimation,
parameters that are critical to the ET process should be added, e.g. vegetation hydraulic parameters
that are related to the transfer of water from the root to leaf or parameters related to stomatal
conductance.”

Lines: 231 - 235

“Reviewers first comment:

Furthermore, the choice of parameters to be estimated should more closely relate to processes
controlling the SWC-ET relationship, such as stomatal conductance, and the *vegetation*
hydraulic parameters specifically involved in the Plant Hydraulic Stress formulation in
CLMS. The soil hydraulic parameters estimated in the manuscript, seem to control the
dynamics of moisture within the soil layer, but not the transfer of water from root to leaf,
which is controlled by the stomatal conductance and PHS (Kennedy et al., 2019). Since the
author’s are already adjusting for SWC, adjusting parameters inherent to the soil hydraulics
seems somewhat redundant.

Author’s Response:

We agree that we could improve the simulation of ET by updating vegetation hydraulic
parameters and will do so in further studies. However, for this particular study we chose to
use parameter updating to improve the SWC estimation as best as possible and analyze the
effect of this improvement to the related evapotranspiration estimation. This decision is
related to a central objective of this study: To investigate whether precise in situ soil moisture
measurements can improve ET characterization, as several studies have found that this
cannot be achieved with more uncertain remote sensing soil moisture data. Please notice that
assimilating soil moisture data with the aim to improve the simulation of land surface
processes is a common modelling strategy.”

This reviewer is not satisfied with this explanation. In the author’s previous site level SWC
calibration study (Strebel et al., 2022, GMD) these authors stated the following in the
published version of their Discussion and Conclusions:

“We were not able to show significant impact of the assimilated soil water content on the
evapotranspiration flux. In a future study, we will investigate whether this is the case for other
study sites and in other climates. We will also include other variables and parameters in the
data assimilation to test their effects on the evapotranspiration flux.

The performance of CLMS-PDAF could be further improved by updating soil hydraulic
parameters themselves, instead of indirectly updating them via soil texture and pedotransfer
functions. This could potentially reduce the model uncertainty further since the accuracy of
the pedotransfer functions would be less of an issue after parameter updating. This will
require more fundamental code changes and will be considered in future work. In addition,



CLMS-PDAF will be further extended by the assimilation of more state variables, like for
example LAI or soil temperature.”

However, contrary to their own recommendations, this manuscript essentially takes the same
approach as the Strebel at al., 2022 manuscript, except applies it to more sites, and comes to
the same conclusion: essentially optimizing the SWC has very little benefit to ET. The
author’s need to do a better job of defending what added benefit this brings to the scientific
community beyond the original study. As far as I can tell the ‘new’ addition to this manuscript
is the use of CLMS5-SP to prescribe LAI (as recommended by this reviewer), to demonstrate to
what extent the prescription of LAI improves SWC and ET, however, the author’s methods of
simulating CLMS-SP seem to be seriously flawed, and the results are not sufficiently
included/discussed in the revised manuscript.

Yes, we specifically mention that this study takes the same approach as Strebel et al. 2022 and
applies it to more sites. Strebel et al. 2022 focuses on the implementation details of the CLMS5-
PDAF coupling and uses only one site to highlight the results and therefore the conclusions there
only applies to that site. The benefit of this study is that it covers sites throughout Europe from
various climates, various PFTs, and different measurement sources for the in-situ SWC
observations. Only this coverage allows more general conclusions to be drawn. We have added the
LAI inputs used in CLM5-SP to the figure showing CLM5-BGC LALI In addition, we implemented
the direct updating of soil hydraulic parameters in the code and tested this, but found that this
approach yielded worse results than indirect parameter updating.

Changes in text:

“This study expands this method to more forest sites and investigates the effect of improved SWC
estimation on ET. Investigating the method for a large number of sites is the important contribution
of this study and necessary to show that the conclusions from Strebel et al. (2022) are not just a
characteristic of the one study site but apply more broadly to forest sites simulated with CLMS5.”

Lines: 91 - 95

Reviewer’s original comment:

Line 162: It seems you are allowing the % sand, clay and organic to vary by layer? Does this
make physical sense? This would allow for each layer to vary independently with no fixed
bounds other than 0 or 100%? I cannot find any results that show the adjusted parameter
values.

Author’s Response:

The sand, clay, and organic matter fraction already vary by layer even in the default CLMS
surface files. This makes physical sense, especially for organic matter that is usually very high
in the first few layers and rapidly decreases for any deeper layers. During parameter updates
the layers are updated using the Kalman gain, which ensures that spatial correlation in soil
texture between soil layers is taking into account.

Reviewer response:

OK - so where are the prior and posterior values of sand/clay and organic matter fraction?
These are the actual values that you have updated in the DASP simulation, and these are still
not included within the manuscript. The reviewer has no way to interpret how the
assimilation influenced the sand/clay and organic matter fraction. Are these values



reasonable, physical, does the posterior value reach a stable value or does it vary over time
(which would be unphysical). The author’s have not provided this requested data.

We thank the reviewer for the suggestion. We now included the evolution of the soil hydraulic
parameters over the simulation time as well as the prior and posterior of the sand-, clay-, and
organic matter fractions.

Changes in text:

“Figures 7, 8, and 9 show the initial (prior) and the updated (posterior) vertical profiles for the sand-
, clay-, and organic matter fractions for the upper 1.2 meters (10 soil layers). The updated
parameters often keep the profile distribution but have reduced or increased values throughout the
layers compared to the prior.”

Figures 7,8, and 9 are new, see answer above.

Lines: 302 - 304

Reviewer original response:

Line 337: It also would have been useful to include the prior and posterior values for your
parameter estimation. Its unclear if the lack of impact the parameter estimation had on ET,
was because of lack of sensitivity to controlling the ET, or because the parameters were not
updated significantly from their prior values.

Author response: Yes, we did not take vegetation hydraulic parameters into account in this
study as we only update soil hydraulic parameters which is not necessarily redundant but
usually provides increased improvement in SWC estimation. However, we agree that it is not
enough for ET estimation and we will take vegetation parameters and LAI assimilation into
account in our future studies.

Reviewer response: The author’s response does not address the reviewer’s question. The
author’s have not included the prior and posterior values of the clay/sand and organic matter
fraction thus there is no way to address how the parameter adjustment is impacting SWC and
ET.

We now also include the prior and posterior of the sand-, clay-, and organic matter fraction profiles.

Changes in text:

“Figures 7, 8, and 9 show the initial (prior) and the updated (posterior) vertical profiles for the sand-
, clay-, and organic matter fractions for the upper 1.2 meters (10 soil layers). The updated
parameters often keep the profile distribution but have reduced or increased values throughout the
layers compared to the prior.”

Figures 7,8, and 9 are new, see previous answer.
Lines: 302 - 304
“We added a figure with the seasonal LAI cycle for each site and include a comparison with

simulations where LALI is prescribed as mentioned earlier. In addition, we will work with LAI
assimilation in future studies.”



There is a Figure 14 within the document with seasonal LAI plots, but it is unclear what
simulation this is related to? It says the DASP simulation, but presumably this is with CLMS5-
BGC. How does the LAI compare between the CLM5-BGC and the CLMS-SP, and the site
level observed LAI? LAI is a strong control on ET, thus more discussion needs to be brought
upon the impact of LAI on ET. The authors briefly say that prescribing LAI shows strong
improvement in RMSE of SWC, but deprecated improvement in ET. But it seems the CLMS5-
SP simulation was using DASP optimized parameters from the CLMS-BGC simulation. These
optimized parameters are not compatible with CLM5-SP.

We thank the reviewer for the comment. In the previous revision, we added Figure 14 to show the
CLM5-BGC LAL In this revision, we added LAI values of CLMS5-SP to the same figure. We do not
have site level LAI data to compare the model results to observations (see previous comment) and
we did not use any parameters from CLM5-BGC for CLM5-SP.

Changes in text:

“Figure 18 shows the LAI for each site averaged over all the simulated years and the difference
between the prescribed LAI used in CLMS5-SP and the simulated LAI by CLM5-BGC. Sites with the
same PFT show clear differences in the yearly LAI cycle.*

Figure 18 (formerly 14) has been updated.
Lines: 371 - 374

Reviewer original questions:

Figure 12: These plots could be useful to diagnose the behavior, but I am afraid information is
‘washed out’ when averaging over all years and all sites. This brings up some really important
questions, such as, did the assimilation adjust the SWC all the way through the root zone, or
was the adjustment primarily superficial, and limited to the upper 25-50 cm. only? Is the
majority of the root zone below this, and contribute to the lack of impact on ET?

Author response:

“Although DASP adjusts SWC at Scm towards the observations, the correction for SWC at
50cm depth is smaller because not all sites provide data at this depth. However, for all sites the
data assimilation provides some improvement for SWC estimation even in layers below the
observation depth.”

Reviewer response: For the adjustment in SWC to have an important impact on the
assimilation and especially ET, the SWC adjustment must occur across the root profile. The
author’s show significant SWC adjustment at 5 cm, and negligible adjustment at 50 cm.
However, the root profile for these sites likely extends to 100 cm and below (the author’s do
not provide the root profile distribution for their sites, which can be output from CLM, thus
the reviewer has no way to diagnose this). The authors have not convincingly shown that their
SWC adjustment has made a significant impact across the full root profile. They should
provide a figure of the full 1-100 cm SWC profile. Also averaging across all sites ‘washes out’
the site specific information which could allow for a proper diagnosis of how SWC adjustment
impacts the root profile (1-100cm and below) for each site.




We have added a figure to show the SWC update throughout the profile and the root fraction
profile.

Changes in text:

“Figure 5 shows the depth profile for the root fraction and the SWC average of the OL and DASP
simulations for the first 1.2 meters (10 layers) for each site. The SWC is updated for all layers,
including the layers with the largest root fraction, but depending on the site the magnitude of the
update varies with depth. For most sites the data assimilation shifts the SWC values while keeping
the profile similar to the OL results. FI-Hyy and FI-Sod are the exception and show a decrease of
SWC in the first 25 to 50 cm and an increase of SWC in the deeper layers for DASP.”

Figure 5 is new, see previous answer.

Lines: 291 - 296



