Response to Reviewers

Note:

(1) In this response, the text in ifalic type is the original comments from the
reviewers, and the text in blue, headed with “Reply”, is the response from the

authors.

(2) In the manuscript, the words in blue indicate the sentence is improved or

revised. Some of them are mentioned in this response via the page and line number.

Summary.

The objectives of the study are well described, and the results are thoroughly discussed. A key finding
of this study is the paradoxical behavior of decreasing evaporation rates, yet with increasing
evaporation volume on the Loess Plateau, whereby mainly the increase in area in small- to medium-
sized water bodies over the last decades contributed to this increase in evaporation volume.

Below, I provide several comments and suggestions that may help improve the impact of the

manuscript.

Reply Summary:

We sincerely appreciate the reviewer’s time and effort in evaluating our
manuscript, as well as their positive feedback regarding the clarity of the study’s
objectives and the thorough discussion of the results. The constructive comments will
undoubtedly help improve the impact and quality of our work. In response to the
reviewer’s observations, we will focus on the following revisions in the updated
manuscript:

» Methodological Validation: We will further validate the improved evaporation

calculation method, particularly addressing the influence of water depth on
evaporation rates, as suggested.

» Clarity and Precision: We will carefully revise any ambiguous or unclear



descriptions to ensure the findings are presented without misinterpretation.

Below, we provide point-by-point responses to the reviewer’s specific comments.

comments and suggestions .

1) e Be cautious when drawing conclusions regarding increases in total evaporation losses over
the region, due to the expansion of water body area. Take into account that with an increased extent
of water body area over time, the open water evaporation amount will indeed rise. This relationship

should be clearly acknowledged when interpreting the results.

Reply: We appreciate the reviewer's insightful comment regarding the potential
influence of expanded water body area on total evaporation losses. We will clarify in
the Discussion/Conclusion section that the rise in total evaporation loss includes
contributions from both climatic factors (e.g., temperature, wind speed) and the
expansion of water bodies. We believe these revisions will provide a more balanced

interpretation of the findings.

2) e In the introduction it is highlighted that terrestrial evaporation increased over the past years,
where some key climatic factors play a crucial role. One would expect that these variables also
induce rises in open water evaporation rates over the area, however, the results of this study indicate
a downward trend in evaporation rate. Could the authors further elaborate on the mechanisms

behind this trend?

Reply: Thanks for the insightful question regarding the apparent contradiction between
increased terrestrial evaporation and the declining open water evaporation rates in our
study area. We agree that this is a noteworthy phenomenon, and we will clarify the

underlying mechanisms in the revised manuscript as follows:

Key Difference in Drivers:

As highlighted by previous studies (Jiang et al., 2022; Jin et al., 2017; Shao et al., 2019;



Zhou et al., 2022), the increase in terrestrial evaporation over the Loess Plateau is
primarily attributed to increased precipitation and vegetation greening (enhanced
transpiration and soil evaporation). These factors dominate the rising trend in land
surface evaporation. However, open water evaporation is insensitive to precipitation
and vegetation changes. Instead, it is governed by other meteorological variables (e.g.,
solar radiation, wind speed, humidity, and temperature). Our results show that changes
in these climatic drivers (e.g., reduced wind speed or increased humidity) may have
counteracted potential warming-induced evaporation increases, leading to the observed

slight decline or stagnation in water body evaporation rates.

We will expand the Discussion section to explicitly contrast the mechanisms driving
terrestrial vs. open water evaporation trends, and add a comparative analysis (e.g., a
table or paragraph) summarizing how different factors (precipitation, vegetation, wind
speed, etc.) distinctly influence terrestrial and aquatic evaporation. We will clarify the

conclusions to avoid ambiguity about the divergent trends.

3) ¢ The authors state to have developed an improved approach for estimating open water
evaporation, which accounts for the thermal storage capacity of water bodies. However, no
comparison or evaluation against other existing methods is presented. Consequently, the conclusion

made on page 41, lines 13—15, should be reconsidered or more carefully justified.

Reply: It is a valuable suggestion regarding methodological evaluation. We agree that
a comparative analysis would strengthen the evaluation of our proposed approach. In
the revised manuscript, we will present a comparative analysis between our depth-
integrated approach (accounting for thermal storage) and conventional methods (i.e.,
the Penman equation) to quantitatively demonstrate the improvement in evaporation
estimation, particularly for water bodies where depth variations significantly affect

thermal inertia. This comparison will support our conclusions more rigorously.

4) e Related to the point above: on page 8, line 1, the introduction refers to an "enhanced

methodology." Please clarify in what way the approach is enhanced, especially since the described



methodology has already been applied in similar studies.

Reply: Thanks. The key advancement of the "enhanced methodology" lies in
incorporating water depth and heat storage capacity calculations based on dynamic
water surface area changes, thereby improving the accuracy of evaporation estimation
compared to existing methods. While similar methodologies have been applied in prior
studies, our enhancements address two critical limitations: (1) By integrating water
depth and heat storage dynamics, our method refines evaporation estimates, particularly
for large water bodies (e.g., lakes, reservoirs) where traditional approaches may
oversimplify spatial variability; (2) The proposed method is explicitly designed to
accommodate small and medium-sized water bodies at regional scales, which were

often underrepresented in earlier frameworks due to data or model constraints.

Thus, our methodology not only elevates computational accuracy but also extends the
applicability of existing approaches to a broader range of hydrological contexts. We
will clarify these points in the revised manuscript to underscore the methodological

novelty.

5) e Data and Methods: Please explicitly state the study period, as well as the temporal and spatial

resolution of the datasets and evaporation estimates in this study.

Reply: Thanks. The study period covers 2000-2018. The evaporation estimates were
generated at a monthly temporal resolution and a spatial resolution of 0.05° x 0.05°.
Note that while the evaporation calculations were performed at the 0.05° resolution, the
actual water body evaporation was computed dynamically within each 0.05° % 0.05°
grid cell based on the time-varying water surface area. This information will be

explicitly stated in the revised manuscript.

6) e The algorithm for water depth estimation is not validated in this study. However, based on Eq
6, the water depth directly affects the calculation of thermal storage and, by extension, evaporation

rates.



Reply: Thanks. We acknowledge the reviewer's valid concern regarding the validation
of our water depth estimation algorithm. Due to the general lack of reliable water depth
data across our study region, direct validation poses significant challenges. To address

this limitation, we propose the following validation approaches:

(1) We will collect and utilize available in-situ water depth measurements from selected

reservoirs and lakes within our study area to validate the depth estimation algorithm.

(2) We will conduct a sensitivity analysis by comparing two simulation scenarios:

Scenario 1: Using our complete methodology with dynamic water depth estimation

Scenario 2: Applying a simplified approach without water depth variations

This comparative analysis will quantitatively evaluate the impact of water depth
estimation on evaporation calculations, providing important insights into the

algorithm's influence on our final results.

We believe these approaches will substantially strengthen the validation of our

methodology, and we will include these analyses in the revised manuscript.

7) e Additionally, the assumption that the slope of the water body is equivalent to that of its
surroundings is quite strong. Was any sensitivity or uncertainty analysis conducted to assess how
this assumption might influence heat storage and subsequent evaporation estimates? Please

elaborate.

Reply: We appreciate this opportunity to clarify our slope assumption. There appears
to have been a misunderstanding regarding which slope we refer to in our methodology.
Our study specifically assumes the waterbody bottom slope (not surface slope) aligns
with surrounding terrain. This distinction is important because waterbody bottoms
naturally conform to terrain slopes in the Loess Plateau's erosional environment. A

similar assumption has been used in other studies (Liu et al., 2020; Wang et al., 2024)



Please note the slope assumption primarily affects small, shallow waterbodies (<20 m
depth) where heat storage significantly influences evaporation, and deeper waterbodies

(>20m) show negligible evaporation sensitivity to depth variations.

We will explicitly explain this depth threshold (20 m) in the revised manuscript, and

clearly distinguish between bottom and surface slopes in our methodology.

8) e Regarding the validation of evaporation trend and volume for the individual pans. in what way
are the chosen pan coefficients influencing the validation results? Have other coefficients been

tested?

Reply: The pan coefficients used in our validation were carefully selected from Bai et
al. (2023), whose study specifically examined the upper Yellow River basin including
parts of the Loess Plateau region. Their research established distinct coefficients for
both large and small evaporation pans, demonstrating these values' effectiveness for
converting pan evaporation to water body evaporation in similar environments to our
study area. While we primarily relied on these validated regional coefficients, we did
conduct preliminary comparisons with another widely-used coefficient sets (e.g., FAO-
56). The Bai coefficients consistently showed better performance for our specific study
conditions. We acknowledge that coefficient selection can influence validation
outcomes, and will include brief discussion on this factor in our revised manuscript.
This approach ensures our validation maintains both regional relevance and

methodological rigor while addressing potential coefficient-related uncertainties.

9) o Is there a specific reason for using varying significance levels in different analyses (e.g., in
Figure 8)? To facilitate comparability, it is recommended to apply a consistent significance level

across all variables and figures.

Reply: We appreciate the reviewer's careful attention to this important methodological
detail. We would like to clarify that all statistical analyses in our study consistently used

a significance level of a = 0.05.



10) «  Choice of colormaps: Please ensure that appropriate colormaps are used for different
types of data. Diverging colormaps are suitable for showing changes, anomalies, or trends, but
sequential colormaps are more appropriate for depicting absolute values, such as evaporation rates

or volumes. Updating the colormaps accordingly would improve visual clarity.

Reply: Thanks for the useful suggestion. We will adjust the color bar in the figures to

enhance visual clarity.

11) - Throughout the manuscript biases are reported. Be cautious when reporting average or
median biases if the dataset includes both positive and negative values. Instead, it is more

informative to report the range or the mean absolute bias.

Reply: Thanks. In the modified version we will replace average bias with the mean

absolute bias.

12) o  Attribution analysis: results illustrate that water body area is the main driving factor for
increased evaporation volumes over time, while the contribution of climatic drivers was found to be
very small. Given the magnitude of changes in water body area, it is expected that this variable will
take over the influence of the other climatic drivers. It would be interesting to perform a similar
attribution analysis on evaporation trends (excluding the area) to identify the main driving factor
for the general decrease in open water evaporation rates over the region. Additionally, a spatial
representation of the contributions of the different forcing variables would provide valuable insights.
It would be interesting to show the variable with the highest contribution per pixel. This way, spatial

patterns in contribution can be assessed.

Reply: Thanks for the useful suggestions. Our study highlights the total evaporation
loss, but we will incorporate an attribution analysis to systematically examine the
impacts of meteorological factors on evaporation rates. It is important to note that
variations in water surface area may induce corresponding changes in water depth,
which in turn affects evaporation rates through modified thermal dynamics. We will

provide detailed results and discussion of these aspects, particularly addressing the



effects of changes and meteorological drivers on evaporation rates.

13) o A concern arises regarding the attribution analysis: SSR was found to be the main
contributing climatological factor to the increasing trend in evaporation volumes. However, a
downward trend in SSR was observed (Fig 8f), which corresponds to a decrease in evaporation
rates. Could the authors clarify this contradiction, and explain how the results of the contribution

analysis should be interpreted?

Reply: Thanks for raising this important point about the relationship between SSR
trends and evaporation volumes. The apparent contradiction stems from the spatial
heterogeneity in SSR trends across the Loess Plateau. While the regional average SSR
shows a slight decline (Fig 8f), this masks significant subregional variations—
particularly in northern areas where SSR has increased. These northern subregions also
experienced the most rapid water surface expansion. Thus, although the overall SSR
decline would suggest reduced evaporation rates, the combined effect of rising SSR and
expanding water surfaces in key areas drives the observed increase in evaporation
volume. Please note the regional SSR trend is not statistically significant (P > 0.05),
and the net evaporation volume increase remains quite small (0.33% annually, Fig 10a),
meaning the apparent contradiction has limited practical impact on our conclusions. We
will clarify this spatial context in the revised manuscript to better interpret the

attribution analysis results.

14) o  Discussion: page 39 line 16. it is mentioned that the JRC-GSW data show data gaps.

Please clarify in Section 2.2 how these gaps were handled. If gap-filling was applied, the method

should be described.

Reply: We acknowledge the data gaps in JRC-GSW, but we did not apply any gap-
filling methods to avoid introducing additional uncertainties. Our analysis used only
available observations since each month contained at least one valid data record. The
missing data (approximately 14%) primarily occurred during the cool season

(November in particular) when water surfaces were frozen and evaporation rates were



minimal. Therefore, these gaps have negligible impact on our E and EV estimates. We
will explicitly describe this data handling approach in Section 2.2 of the revised

manuscript.

15) o The authors emphasize the utility of their findings for regional or local water management.
Please be more specific about how the results can be applied in practice. Consider rephrasing
relevant parts of the conclusion (e.g., page 41, lines 21-22; page 42, lines 1-2) to reflect this more

concretely.

Reply: Thank you. Our findings provide concrete guidance for water resource
management in arid/semi-arid regions by demonstrating that the rapid expansion of
small-to-medium water bodies (primarily from reservoirs and soil conservation
measures) has become the dominant factor in regional water loss through increased
evaporation. These results suggest that while local water storage projects enhance water
availability at local scales, they may inadvertently exacerbate water scarcity at the
regional level due to cumulative evaporation effects. For practical application, we
recommend: (1) optimizing the size and distribution of new reservoirs to balance local
storage needs against regional evaporation losses, (2) prioritizing groundwater recharge
projects where feasible, and (3) implementing evaporation suppression measures (e.g.,
floating covers) for critical storage facilities. We will revise the conclusion to explicitly

outline these management implications.

16) »  Please improve the writing and refine the language of the manuscript, in order to improve

the overall clarity and readability.

Reply: Thanks for your kind suggestions. We will thoroughly revise the writing and

language to enhance clarity and readability.

Minor comments:

e Abstract: page 3, lines 1-2: ‘This study fills gaps in evaporation dynamics’. How exactly is this

study filling gaps? Please rephrase.



Reply: We appreciate this constructive suggestion. In the revised abstract, we will
clarify that our study fills critical gaps in evaporation dynamics by (1) developing an
improved approach to quantify evaporation from both large and small water bodies
across the Loess Plateau, and (2) revealing how expanding water surfaces—driven by
reservoirs and conservation measures—contribute significantly to regional water loss,
a previously understudied aspect in arid/semi-arid hydrology. This provides new

insights for balancing local water storage benefits against unintended evaporation costs.

e Introduction: page 5 lines 20-22: Please rephrase and explain better what those projects are.

Reply: We will rephrase the mentioned sentences to clarify that these projects refer to
the large-scale soil and water conservation measures implemented across the Loess
Plateau, including the construction of check dams, terracing, and afforestation programs.
These initiatives, primarily carried out since 2000 under the Grain-for-Green program,
have significantly altered the region's hydrological conditions by creating numerous
small reservoirs and increasing water surface area. We will provide more specific

details about these projects in the revised introduction.

e Introduction: page 4 lines 18-19: Wind speed is not mentioned here as a driving factor, yet

further in the study wind speed is considered as important.

Reply: We will revise the introduction to explicitly include wind speed as a key climatic
driver of evaporation, along with temperature, humidity and radiation. While we
initially focused on the dominant factors, we recognize wind speed's importance,

especially in the Loess Plateau's semi-arid environment.

e Introduction: page 5 line 21: Remove ‘in’.

Reply: We will remove the unnecessary word “in” as suggested.

e Introduction: page 6 second section: Pan and eddy-covariance measurements are a type of in-

situ observations. On the other hand, evaporation estimates are made by models, which can be



validated using observations. Please consider rephrasing lines 9-14 to make the distinction clear.

Reply: We will rephrase this section to clearly distinguish between in-situ observations

and model estimates.

e Introduction: page 7 lines 9-11: Please rephrase the sentence.

Reply: Thanks. We will rephrase the sentence for improved clarity.

e Introduction: page 8 line 5: Remove the word ‘primary’ as you dont have any secondary

objectives.

Reply: Thanks. We will remove the word “primary”.

e Introduction page 8 line 8: Consider removing the second part of the sentence of the 2nd

objective, as it already illustrates the outcome of the experiment.

Reply: Thanks. We will do it as suggested.

e Data and Methods: page 9 line 11: Use ‘e.g.’ instead of ‘etc.’

Reply: Thanks. We will replace “etc.” with “e.g.” as suggested.

e Data and Methods: Fig 1: Please specify what the fraction water body is, is this water body

area per pixel?

Reply: Thanks. We will clarify in the caption of Figure 1 that “fraction water body”

refers to the proportion of water body area per pixel.

e Data and Methods: page 10 line 5: The reference is from the year 2016, although the

assessment goes until 2018. Please provide a correct reference, and mention the studied period.

Reply: We appreciate this observation. The reference to Pekel et al. (2016) properly
cites the original methodology paper for the JRC-GSW dataset. Although the paper was



published in 2016, this dataset has been continuously updated, with version 1.4
extending coverage to 2021. In the revised manuscript, we will include a more detailed
explanation of this update and explicitly specify the study period as 2000-2018 in the

text for clarity.

e Data and Methods: page 10 line 13: What does ‘reliable’ mean in this sentence?

Reply: The term "reliable" here indicates that the CMFD dataset has been rigorously
validated and widely applied in climate change and hydrological studies across China

(He et al., 2020; Lei et al., 2023; Wang et al., 2024).

¢ Data and Methods: page 10 lines 19 and 22: Please provide correct citations, no urls in the

manuscript text.

Reply: Thanks. We will replace URLs with proper citation formats and ensure they are

included in the reference list.

e Data and Methods: page 10: Have all data been converted to the same spatial resolution?

What is the final spatial resolution used for evaporation estimates?

Reply: Thanks. We will specify that all data have been converted to the same spatial

resolution and indicate the final resolution (0.05°) used for evaporation estimates.

¢ Data and Methods: page 11 line 1: For completeness, please provide the diameter of the big

pans.

Reply: To ensure completeness, we will specify in the text that the diameter of the big

pans is 61.8 cm.

e Data and Methods: page 11 line 2: Please specify which type of difference? Is it the size or

location?

Reply: The mentioned "difference" specifically refers to variations in the locations of



evaporation pans relative to the studied water bodies.

e Data and Methods: page 12 line 10: How is the prevailing wind direction calculated?

Reply: The prevailing wind direction is determined using ERAS wind speed data,
which provide meridional (V) and zonal (U) wind components. Wind speed magnitude
and direction are calculated through vector synthesis, and the statistical distribution of
wind directions is used to identify the prevailing wind direction. This will be detailed

in the revised manuscript.

e Data and methods: page 12 Eq (3): k| and o are not described.

Reply: Thanks. We will provide descriptions for k| (downward shortwave radiation)

and a (albedo) in the text accompanying Equation (3).

e Data and Methods: page 15 Fig 2: The figure caption is not clear. Please rephrase.

Reply: Thanks. We will rephrase the caption of Fig 2 to enhance clarity, ensuring it

accurately describes the figure content.

e Data and Methods: page 16: Please provide references for attribution analysis equations.

Reply: The attribution analysis equations are sourced from Mao et al., (2015) and Tian

et al., (2021). We will include these references in the revised manuscript.

e Results: Section 3.1: Is there a particular reason for reporting the validation results in monthly
resolution, while for the other results, evaporation rates and volumes are reported with a daily

resolution?

Reply: The water body area data used in our calculations are at a monthly scale; thus,
all results, including evaporation rates and volumes, are inherently monthly resolution
outputs. However, for the purpose of illustrating annual variations and to present results

in a more reader-friendly unit, we expressed them as mm/day. We will clarify this



distinction in the revised manuscript.

e Results: Fig 3 and 4: Please consider adapting the layout of the plots, making them bigger in

the horizontal divection, and consider reporting correlation, bias, and RMSE in individual plots.

Reply: Thanks. We will adjust the layout of Figures 3 and 4 to increase their horizontal

size and include correlation, bias, and RMSE values within each plot.

e Results: Section 3.1: When showing time series of individual pans, please add a short

description of the performance of the individual pans in the text.

Reply: Thanks. We will add a brief description of the performance of individual pans

in the text accompanying the time series.

e Results: Fig 6¢c and 7d: What do the shaded areas represent? Please add to the figure caption.

Reply: We will specify in the captions that “The shaded areas represent the 95%

confidence interval.”

e Results: caption of Figures 6 and 7: Please add more detail to figure caption: ‘long-term
average’: how long is this exactly, which years are taken into account for calculating the trend and

the climatology?

Reply: We will enhance the captions with details, “The long-term average is calculated

over the period from 2000 to 2018.”

e Results: Fig 7c: Note that compared to Fig 6¢c where an average E rate for the Loess Plateau
was plotted, here the total sum of daily evaporation volume over the entire Loess plateau is shown,

please specify in the figure caption.

Reply: We will clarify in the caption of Figure 7¢ that it shows “the total sum of daily

evaporation volume over the entire Loess Plateau.”



e Results Fig 8: Spatial patterns: Please specify the period for the trend analysis in the caption.

Reply: Thanks. We will specify the period (2000-2018) for the trend analysis in the

caption of Figure 8.

e Results: Fig 8: Temporal changes: Please specify units for trend (consistency with other plots
in manuscript). When significant, please indicate the significance level (e.g. Fig 8b). Note the
different significance levels in this plot, aligning with a general comment above. Describe the

meaning of the colored band in the caption.

Reply: Thanks. We will specify the trend units to ensure consistency with other figures,
indicate significance levels where applicable, and describe the colored band in the
caption as follows: “Blue and green colors indicate a decreasing trend, while yellow
and red colors represent an increasing trend.” These updates will be reflected in the

revised manuscript.

e Results: Fig 9a: Use a sequential colormap instead. Is the reported water area, the water area

per grid cell? Please specify in the caption.

Reply: Thanks. We will adopt a sequential colormap for Figure 9a and clarify that the

reported water area is “the water area per grid cell” in the caption.

e Results: Fig 9: In the caption it is mentioned that the grid is 0.05°. This does not correspond

with the grid mentioned in the Methods part (30m). Please clarify the grid size difference.

Reply: Thanks. The data of water body were originally derived at a 30 m resolution as
described in the Methods section and were subsequently aggregated to a 0.05° grid for
the analysis presented in Figure 9. We will clarify this grid size difference in the revised

manuscript.

e Results: Fig 9: Bar plots: Consider using percentages instead of counts, as percentages are

also reported in the text.



Reply: Thanks. We will consider replacing counts with percentages in the bar plots of

Figure 9 for consistency with the text.

e Discussion: page 33 lines 19-22. The comparison with the study of Zhang et al.: What is the
period taken into account in their study? This period might be important in framing conclusions
given the strong trend found in this study. Is the area in the study of Zhang et al. the same as the
area studied here? As you're looking at total evaporation volumes per day for a certain area, this

is important to take into account.

Reply: Thanks. The study by Zhang et al. covers the period from 2008 to 2013, and
their findings is consistent with our results for the same period. Additionally, their study
area aligns closely with the region in our research. We will incorporate this information

into the discussion section of the revised manuscript.

e Discussion: page 38 Fig 12: Please provide a reference for the water withdrawal data, and

report in Section 2.2.

Reply: Thanks. The water withdrawal data are sourced from the Yellow River Water
Resources Bulletin. We will include this reference and report the data source in Section

2.2 of the revised manuscript.

e Discussion: page 38 Fig 12: The authors could indicate the 100% line, indicating the level
where evaporation volumes equal the water withdrawal. When this line is crossed more water
evaporates than is withdrawn, which is happening the last 5 years, and is of major importance for

water policy in this region.

Reply: Thanks. We will add a 100% line to Figure 12 and discuss its implications for

water policy.

e Conclusion: page 41 line 4: The peak in evaporation trends did not occur in May and October,

but instead in July and August. It is evaporation volume that shows peaks in May and October.



Reply: Thank you. We will correct this to accurately reflect that evaporation trends

peaked in July and August, while evaporation volumes peaked in May and October.

e Conclusion: page 41 lines 19-20: ‘This study thus demonstrates that the research methods

employed are readily extendable to other regions.’ Note that this is not demonstrated in this study.

Reply: We will remove or revise this statement to avoid claiming something not

demonstrated in the study.
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