
HESSD

Interactive
comment

Printer-friendly version

Discussion paper

Hydrol. Earth Syst. Sci. Discuss.,
https://doi.org/10.5194/hess-2020-539-AC2, 2021
© Author(s) 2021. This work is distributed under
the Creative Commons Attribution 4.0 License.

Interactive comment on “Upscaling land-use
effects on water partitioning and water ages using
tracer-aided ecohydrological models” by
Aaron A. Smith et al.

Aaron A. Smith et al.

smith@igb-berlin.de

Received and published: 11 January 2021

General Comments: This paper evaluates the performance of an ecohydrological
model equipped with water isotope module (EcH2O-iso)in simulating soil water, evap-
otranspiration, recharge or runoff, groundwater, and water ages across different spatial
scales (250, 500, 750, and 1000m). Moreover, the study addresses three main re-
search questions that will be revealed using the model, applied in an intensively mon-
itored catchment in northeast Germany. They conclude that the model with a coarser
resolution (1000m) was unable to replicate the observed streamflow and distributed
isotope dynamics and simulates higher evapotranspiration, lower relative transpiration,
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increased overland flow, and slower groundwater movement. In addition, they also
conclude that water isotopes provide effective calibration constraints for larger reso-
lution model and help understand the influence of grid-resolution on the simulation of
vegetation-soil interactions.

Assessment: The topic of the paper fits well in HESS and is of great interest for the
HESS readers. The findings are also interesting for readers working on the ecohy-
drological model development, land-surface fluxes quantification, and the use of wa-
ter isotopes in hydrological applications. The paper at the present state still needs
some revisions. The authors need to elaborate more on the method section and the
conclusion does not summarize all three research questions brought up in this pa-
per. I provide my general and detailed comments below and would ask the authors to
take these comments into consideration as they revise the paper. Response to Gen-
eral Comments The authors thank the reviewer for their comments on this manuscript,
which have aided in adding clarity in presenting model results and objectives.

General Comment 1: In my opinion, the title is not mirroring the aim of this paper. The
title is: upscaling land-use effects on water partitioning and water ages using tracer-
aided ecohydrological model (L1) while the aim of this paper is to explore the changes
in the skill of an ecohydrological model in capturing flux, storage, and mixing dynamics
across spatial scales (L65). When I read the paper thoughtfully, the paper discusses
the performance of the model to simulate the water fluxes and ages across different
spatial scales. Therefore, I suggest to change the title.

Response to General Comment 1: The authors thank the reviewer for their insights.
The authors will revise the title of the manuscript to better reflect the main aims as
suggested. The authors will revise the title to “Quantifying the effects of land-use and
model scale on water partitioning and water ages using tracer-aided ecohydrological
models”

General Comment 2: The study tries to answer three research questions (L74-80) and
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they are explained in the discussion section. For the conclusion section, however, a
summary of the answers for these research questions is not clearly presented. I could
not find a conclusion for research question two or maybe I miss it.

Response to General Comment 2: The authors apologize for not clearly presenting
the second research question in the conclusions. During revision, the authors will
clearly state the summary of the main findings on the effect of model resolution on the
robustness of the model in the abstract and the conclusions.

General Comment 3: The EcH2O-iso model consists of three main parts, which are
the energy balance model, the water balance model, and the water isotope module.
I understand that the idea of the paper is not to discuss model development in a de-
tailed manner as it was discussed in the previous studies (e.g., Maneta and Silverman,
2013 and Kuppel et al., 2018). However, there are not so many hydrological mod-
els equipped with water isotope module compared to the climate model. I expected
that the authors would provide more information about how isotopic mixing and frac-
tionation are performed in the model. Please elaborate more about the mixing and
fractionation in all water components, such as in precipitation, transpiration, soil, stor-
age, and GW. Also what methods do the authors use to calculate isotopic fractionation
in different fluxes such e.g. the Craig-Gordon method, Keeling plot, or a steady-state
method introduced by Dongmann et al. (1974) to calculate the isotopic composition
of leaf water? How to define the isotopic composition of river water since it is mixing
between groundwater, precipitation, and river from the upstream. When river water
flowing in the channel, does it undergo evaporation fractionation, or neglected?

Response to General Comment 3: The authors thank the reviewer for their sugges-
tion to further elaborate on the isotope and water age mixing section. The authors
recognize that isotope mixing modules are not present in many models. However, the
authors believe that repeated explanation of the same mixing process for each stor-
age will be quite repetitive. The authors will clarify how mixing is conducted (amount
weighted average of inputs and storage) and how transpiration mixing is conducted.
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The authors will state that the Craig-Gordon model is used to estimate the fractiona-
tion in the soils and in the open water. The manuscript currently states that open water
channel evaporation is subject to fractionation (P7L200).

Response to General Comment 4: In the discussion section, the authors found that
for forests, the evapotranspiration is higher, the recharge is lower, and the transpiration
fraction is lower compared to croplands (L407-409). They argue that the lower Tr ratio
is due to the interception. Could the authors elaborate more on why and what are
the possible reasons? Also please provide all the evapotranspiration fractions here
(soil evaporation, transpiration, and interception for crops and forest). I found in many
studies that taller plants transpire more water than shorter plants (e.g., Oaks vs. wheat,
Xu et al., 2008; Zhang et al., 2011, cotton field vs. corn and soybean, Kool et al., 2014).
For some field measurements, the transpiration fraction for forests is 65-76% and 60%
for grass (Choudhury and DiGirolamo, 1998; Blyth and Harding, 2011).

Response to General Comment 4: There are numerous factors that, in this catchment,
result in a somewhat unexpected ratio of transpiration to ET in the forested areas.
Firstly, it should be noted that the values presented in the manuscript are annual aver-
age fractions, which are moderately skewed toward lower transpiration to ET ratios due
to winter interception and soil evaporation. This will be particularly marked in the conifer
forests where the LAI remains constant year-round facilitating higher interception stor-
age and evaporation. On this point, the authors will add clarification in the discussion
on the seasonality of the transpiration to ET ratio influence in the conifer forests. To
further clarify, the authors will include a time series of the average evapotranspiration
components for the dominant vegetation types to show this variability. Secondly, while
the transpiration to ET ratio is lower in the conifer forests, the dominant soil type in the
forests is also different from the croplands, being less water retentive. This soil type
limits the water available for the trees, introducing water stress and reducing transpira-
tion further from potential (not energy limited). The observed transpiration to ET ratio
in the study is similar to those given by Choudhury and DiGirolamo, 1998 and Blyth
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and Harding, 2011. To further clarify the reason for the low transpiration due to dry soil
conditions, the authors will add to the discussion clarifying the water-limited conditions.

Specific Comments

R2C1: L1: for the abstract, please see the general comment.

Response to R2C1: The authors will revise the abstract as suggested in the general
comments.

R2C2: L15: is it not better if the authors write “different scales” instead of only “scale”?

Response to R2C2: The authors will revise the wording.

R2C3: L65: here the readers can see the aim of the study, which differs from the title
(upscaling land-use effects instead of evaluating the model skill in simulating different
water fluxes across different spatial scales).

Response to R2C3: The authors will clarify on revision.

R2C4: L76-77: the second question is not clearly answered in the conclusion.

Response to R2C4: The authors will add the statement “Identification of sensitive pa-
rameters was similar across scales; however, a notable decrease in the degree of sen-
sitivity, coupled with an increase in all model output uncertainty, occurred with coarser
model resolutions.” to the conclusions to directly address the primary findings of the
second research question.

R2C5: L86-87: the authors may rephrase the sentence into: “The 66 km2 Dem-
nitzer Millcreek Catchment (DMC) located 55 km east of Berlin (52_23’N, 14_14’E)
is a mesoscale catchment that receives 575 mm of precipitation annually”

Response to R2C5: The authors will revise the wording of the sentence.

R2C6:L87: the authors may change the words: “(372 to 776 mm/year)” into “from 372
to 776 mm/year”.
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Response to R2C6: The authors will change the wording as suggested by the reviewer.

R2C7: L88: I think the general term is “convective” storms and not convectional storms.

Response to R2C7: The authors will change the terminology presented in revision.

R2C8: L94: missing comma . . .unavailable, these were . . .

Response to R2C8: The authors will revise the grammar of the sentence.

R2C9: L95: first, ERA 5 is not a remote sensing dataset. It is re-analysis
product that is fussed with all types of observations (not only remote sens-
ing). Second, it is more common and general to use the word “sensing”
instead of “sensed”. I cannot provide a good argument about it but you
may look at: https://www.researchgate.net/post/Remotesensing-data-or-images-vs-
remotely-sensed-data-or-images-Are-they-both-OK

Response to R2C9: The authors thank the reviewer for their suggestion. The authors
will change the description of the ERA5 dataset to re-analysis data, and change in-
stances of “sensed” to “sensing”

R2C10: L131: the authors may revise the text into: “. . .during periods of streamflow
measurements”. For the next sentence, the authors may revise the sentence to avoid
the use of the words “periods of streamflow” two times.

Response to R2C10: To improve clarity, the authors will remove “during periods of
streamflow” for both sentences, and will add a sentence stating “Isotopic samples of
stream water were only taken when streams were flowing and not with standing water.”

R2C11: L132: the authors may revise the text into: “Evaporation was prevented by
applying a layer of

Response to R2C11: The authors will revise the text as suggested by the reviewer.

R2C12: L134: missing “were” analysed. What is direct-equilibrium method?
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Response to R2C12: The authors will revise the wording of the sentence. The authors
feel that the full description of the direct-equilibrium method is not necessary here and
will make it clearer that the description of these data is given in Kleine et al., 2020.

R2C13: L135: the authors may replace the word “with” with “using”

Response to R2C13: The authors will replace “with” with “using”.

R2C14: L141: what is “cf”?

Response to R2C14: cf is the APA Latin abbreviation of conferatur, meaning: compa-
rable to/to make a comparison.

R2C15: L145: what kind of components? It is an unclear word.

Response to R2C15: The authors will revise the statement to “. . .integrates modules
for soil and vegetation to simulate. . .”

R2C16: L146: I am just wondering if the model was designed to be forced with RCM
only or can it be forced with gridded in situ observations? This study also used in situ
observations and not RCM.

Response to R2C16: The authors thank the reviewer for the suggestion. The authors
will revise the statement to indicate that the model was developed to use a variety of
input forcing, from local climate stations to RCMs.

R2C17: L149: I suggest to replace “;” with full stop “.”

Response to R2C17: The authors will make the suggested change.

R2C18: L172: Could the authors indicate layers 1 to 3 in Fig. S1? It will help the
readers to discriminate layers.

Response to R2C18: The addition of layers 1, 2 and 3 would be relatively arbitrary
(e.g. water table may vary between layers 1 and 3), and would further complication of
the plot due to additional flux arrows to and from each soil layer.
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R2C19: L197: missing space.

Response to R2C19: The authors will correct this error.

R2C20: L200: please provide a reference for the n values.

Response to R2C20: The earlier reference for the n values (Mathieu and Bariac, 1996;
Braud et al., 2005) will be provided with this sentence to improve clarity.

R2C21: L210: they are locations and not climate zones. Also please provide the names
for these five locations in the main text.

Response to R2C21: The authors will revise the text to indicate that these are 5 climate
station, rather than climate zones. As the names of the stations do not have meaning
to those outside of the area, the authors believe that the inclusion of the station names
is not necessary.

R2C22: L221: How about streamflow isotopic composition?

Response to R2C22: The authors thank the reviewer for their comment. The authors
will add that stream isotopic composition was initialized with measured stream isotopes
in 2018 and 2019.

R2C23:L224: I am wondering why the use of NSE and NRMSE is inconsistent. Some
variables were evaluated using NSE and some using NRMSE.

Response to R2C23: The authors apologize for the confusion regarding the efficiency
criteria. The RMSE was only used for the sensitivity analysis, while NSE and normal-
ized mean absolute error (NMAE) were used for calibration. MAE was used due to
the inconsistent time-series and to reduce over-emphasis of peak values which may
be present in time-series with longer periods between samples. The authors will make
this correction during revision.

R2C24: L247: I am wondering what are the variable constraints do the authors use to
calibrate the model? Is it only discharge or the authors consider all variables such as
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GW, SM.

Response to R2C24: The authors thank the reviewer for their comment. The authors
will move some of the calibration descriptions from the supplementary material to the
main text to clarify the calibration method. The authors will provide a link to Table 1 to
directly show the datasets used in calibration and validation.

R2C25 L260: Fig. S3 is for validation and not for calibration.

Response to R2C25: As stated in the caption of Fig. S3 in the supplementary material,
the figure shows the ranges of the parameters from calibration.

R2C26: L269-271: I am a bit confused here. How do the authors calibrate the iso-
topes?

Response to R2C26: The author apologize for the confusion in the calibration section.
Since isotopes were only available during the calibration period, the authors split some
of the isotope data to use some during validation. The isotopes (stream, groundwater,
and forest layer 1 isotopes) were calibrated with NMAE, and forest layer 2 and cropland
layer 1 were used for validation. The authors will clarify the data used for calibration
and validation in Table 1.

R2C27: L276: the authors may replace the word “very few parameters” with “a few
parameters”

Response to R2C27: The authors will change the wording to “. . .is sensitive to few
parameters. . .”

R2C28: L277: Do I miss supplementary material B? I could not find it.

Response to R2C28: Supplementary Material section 2 was erroneously labelled as
Supplementary Material B. The authors will correct this during revision.

R2C29: L279: two commas there are not needed.
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Response to R2C29: The authors will correct this during revision.

R2C30: L284: How about streamflow?

Response to R2C30: During revision, the authors will clarify that the “runoff generation”
described in the sentence refers to the streamflow/discharge in Figure 2.

R2C31: L285-287: here the authors mention soil moisture in layers 1 and 2, however,
Figure 2c does not distinguish between layers 1 and 2. Where can I look at the results?

Response to R2C31: Figure 2c shows both layers 1 and 2 (shown with headers SWCL1
and SWCL2, respectively). The authors recognize that the headers on the figure were
not clear. During the revision, the authors will change the header description and
caption to ease interpretation.

R2C32: L295: I suggest to add the word “that” in between processes and were.

Response to R2C32: The authors will revise the sentence to “. . .suggest that dominant
catchment processes were. . .”

R2C33: L311: I am wondering why the Ei is somehow twice as higher as soil evapo-
ration and half of Tr. If I look at the land cover map (Fig. 1a), I see the land cover, in
general, can be divided into half forest and half arable land. The Ei is indeed higher
for the forest but it cannot exceed the TR, and EI is very low or even insignificant for
arable land. What are the reasons? Do the authors think this is the general problem
(underestimation of Tr) found in many models as it was discussed by Sutanto et al.,
2014?

Response to R2C33: The figures show the annual average components of Tr and Es
from ET. Due to the more constant winter precipitation feeding interception, overall
transpiration appears lower, particularly in the forests where sandier soils dominate
and higher winter groundwater recharge limits the water available for spring/summer
forest transpiration. Lower LAI in the arable lands decreases the potential intercep-
tion evaporation relative to the forest. The sandier soils in the forest additional result
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in lower soil moisture, resulting in soil moisture limited transpiration flux. For the ratio
between interception evaporation and transpiration, the lower atmospheric resistance
of interception evaporation results in lower transpiration fractions during extended peri-
ods of higher rainfall (i.e. more intercepted water). Additionally, the fractions presented
here are consistent with those in Europe, with grasslands/maize (Sutanto et al., 2012;
Herbst et al., 1996) showing values of 77-97% transpiration, consistent with the finding
in the arable land in our study and a catchment average of 72-77% Tr/ET (Fig. 4). The
authors will add this explanation to the discussion during the revision.

R2C34: L316: If the discharge is discussed first, why do not the authors swap the
Figure between e and f with a and b? Hence, Figure 3a and B will be for streamflow
results.

Response to R2C34: During revision, the authors will modify Figure 3 to show the
discharge first (Fig 3a and b) and remove the map to aid with readability.

R2C35: L324: the authors may revise the sentence into “. . .flow events that are not
present. . .”

Response to R2C35: The authors will revise the sentence as suggested by the re-
viewer.

R2C36: L329: It is not the correct sub-title.

Response to R2C36: The authors thank the reviewer for identifying this error. The
authors will revise the sub-title during revision.

R2C37: L330: here the authors only mention Tr. How about the Es and Ei?

Response to R2C37: The authors only mention ET and Tr as they were the time series
used in calibration. Es and Ei were not used in calibration and therefore are not relevant
to include here. As with Response to R2C24, the authors will revise the calibration
section to help clarify the data used for calibration.
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R2C38: L336: I am just wondering why the authors do not use the blue color for
positive and red color for negative correlation (inverse colors)? Usually red represents
low value and blue represent high value.

Response to R2C38: The authors will reverse the colour scheme during the revision to
show blue to positive correlation and red for the negative correlation.

R2C39: L337: please provide the value for the fraction of Tr.

Response to R2C39: The authors will provide a reference to Table 5 and Fig.4 which
both show the annual average fraction of Tr (Table 5 with Tr as a fraction of total catch-
ment loss).

R2C40 L343: from 38 mm/year to 22 mm/year is not a slight decrease, it is almost half.

Response to R2C40: With the uncertainty of channel evaporation (∼20 mm/year), the
decrease is not large. Furthermore, the decrease from the 500m and 750m resolu-
tions to the 1000m resolution is much smaller than from 250m to 1000m. The authors
will clarify that the decrease is slight between the coarser resolutions (e.g. 750m to
1000m).

R2C41: L39-350: the authors claim that the decrease in annual recharge is largely
linked to ET, which is mainly from high Ei. However, I cannot see the Ei results in the
suggested Figures (Fig.1, Fig.4, and Fig. S5) or even in any figure.

Response to R2C41: The authors thank the reviewer for their comment. The authors
will adjust the statement to remove inference to the interception evaporation on these
figures.

R2C42: L363: Again, here I could not see Supplementary Material B.

Response to R2C42: As with Response to R2C28, the authors will revise the link to
the supplementary material throughout the manuscript.

R2C43 L370: Can the authors explain why transpiration age is longer than soil in layers
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1 and 2 and in GW.

Response to R2C43: With respect to the reviewer, the groundwater age is much older
than any other flux or storage. The groundwater age is in years, more than 14 times
older than the transpiration age. To further clarify this in the manuscript, the authors
will add a note in the figure caption that groundwater age is in years.

R2C44: L371: I am a bit confused here. I see that it is longer and not lower. e.g. at
250 model resolution, it is 47 days while at 1000 model resolution it is 28 days.

Response to R2C44: The reviewer is correct, the authors intended to state “older”
rather than “lower”. The authors will change the wording to the correct description.

R2C45: L381: Remove Figure S5. I do not see the results in Fig. S5. Fig. S5 is for the
next sentence.

Response to R2C45: The authors thank the reviewer for their suggestion. The authors
will move the reference for Fig. S5 to the next sentence.

R2C46: L384-385: here the authors discuss the GW age, however, I could not see
the results. Is it in Figure S5? Do the authors mean GW age as L3? I only see GW
storage.

Response to R2C46: The authors apologize for the confusion and will revise Fig. S5
to state GW age rather than L3 age.

R2C47: L393-395: I could not see the results for stream water age of 0.5 and 1.8 years
during large events in Table 6.

Response to R2C47: The authors apologize for any confusion. The values of 0.5 and
1.8 years are representative of only the largest peak events, while Table 6 shows aver-
age high, medium, and low flow conditions. The authors will clarify in the manuscript
that the values are indicative of the largest peak events (not averaged with other higher
flows).
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R2C48: L402: In my opinion, it is not minor variability.

Response to R2C48: The authors believe that with respect to the model uncertainty,
there is little difference in the catchment-wide annual average fluxes are relatively sim-
ilar between resolutions. There are of course larger spatial differences between reso-
lutions which the authors discuss later in the discussion section. The authors will add
the qualifier that differences are minor relative to model uncertainty.

R2C49: L407-409: see my general comment point 4.

Response to R2C49: The authors will revise the manuscript as suggested by general
comment 4.

R2C50: L467: it is “are” and not “is”

Response to R2C50: The authors will revise the grammar of the sentence.

R2C51: L482: remove the second is in between coupling and with.

Response to R2C51: The authors will remove the second “is”.

R2C52: L486: the authors may revise the sentence into: “. . .scales, long-term and
multiscale data collection are. . .”

Response to R2C52: The authors will make the reviewers suggested wording change.

R2C53: L489-490: the authors may revise the text in the brackets as (e.g. spatial
resolution for isotopes and temporal resolution for sapflow).

Response to R2C53: The authors will make the wording change suggested by the
reviewer.

R2C54: L498: in my opinion, I will limit to 500 m maximum due to the highest uncer-
tainty in model results above 500 m (Figure 3, 5).

Response to R2C54: The authors agree that of the four resolutions presented here,
the maximum resolution to use is 500 m. However, as model resolutions between 500
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m and 750 m were not explored here, the Representative Elementary Area may be
between 500 m and 750 m.

R2C55: L500: Figures 6e-h are not the correct figures.

Response to R2C55: The authors will change the figure reference to Fig. 5e-h.

R2C56: L516: the authors may remove the words “have been identified”

Response to R2C56: The authors will remove “have been identified”

R2C57 L526-527: missing “that”. . .fluxes that are additionally expected to change is
not well known.

Response to R2C57: The authors will change the sentence to “ . . .regulating ecohy-
drological fluxes that are . . .”

R2C58 P26: Figure 3. Swap a, b for discharge first. To increase figure readability, the
map can be removed since it is already available in Fig. 1a.

Response to R2C58: The authors kindly refer to the reviewer to Response to R2C34.

R2C59 P28: Figure 5. I could not see the measured SM (dashed line).

Response to R2C59: The authors will revise Figure 5 to make the measured SM more
apparent.

R2C60 P31: Table 1. Suggestion: please indicate in the table which one is obtained
from ERA5 and which one is from MODIS. e.g. instead of location N/A, why not write
ERA5 or MODIS? Also please keep in mind ERA 5 is not categorized as remote sens-
ing data.

Response to R2C60: The authors thank the reviewer for their suggestion. The authors
will modify Table 1 to indicate which dataset originates from MODIS and ERA5 and will
modify the caption to better reflect reanalysis and remote sensing data.

R2C61: P32: missing Table 2 borderline.
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Response to R2C61: The authors will add borderlines to Table 2.

R2C62: P34: Table 4. What is negative Loglikelihood? It is not explained in the text.

Response to R2C62: To ease with interpretation and reduce complexity, the authors
will remove the loglikelihood values from Table 4.

R2C63: P35: Table 5. Please mention that Es, Ei, and Tr were partitioned from ET.

Response to R2C63: Within EcH2O, Es, Ei, and Tr are estimated first with ET the sum
of the components rather than partitioning ET into each. The authors recognize that
this was not clear within the manuscript (L330), and will clarify the estimation of ET
components.

Interactive comment on Hydrol. Earth Syst. Sci. Discuss., https://doi.org/10.5194/hess-2020-
539, 2020.
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