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We would like to thank the reviewers for their useful comments and suggestions that have helped to improve
the manuscript. Our detailed answers follow.

The reviewers’ comments are in bold while our answers are not. Line numbers refer to the revised version
of the manuscript.

1 General comments

The manuscript states that it performs a “large-scale validation” of modelled winds. However,
the term validation may be too strong in this context. The locations of the masts and lidars
cannot be disclosed, and no information is provided regarding the processing, filtering, or
quality control of the measurement data. While this may be due to commercial constraints
and may not be entirely within the scope of the manuscript, the absence of this information
limits the transparency and reproducibility of the analysis. I therefore suggest reconsidering
the terminology (e.g., comparison or large-scale bias assessment rather than validation), unless
additional methodological details can be provided.

To increase the transparency of results, we chose a more appropriate spatial interpolation method to represent
spatial patterns of the results. We have confirmed in the manuscript that the quality control of the data
was performed, but the exact details cannot be disclosed (lines 251-252). Additionally, we removed the
obviously erroneous values that we specified. We replaced “validation” with “bias assessment” throughout
the manuscript.

The manuscript identifies elevation differences between model terrain and actual terrain as a
major source of bias, which is a reasonable conclusion. However, the underlying causes of these
differences are not sufficiently examined. In mesoscale models, terrain is routinely smoothed
because native elevation data are downsampled to ensure numerical stability, and commonly
used digital elevation models (e.g., SRTM or Copernicus DEM/TanDEM-X) have vertical un-
certainties on the order of tens of meters. Terrain smoothing and slope representation have
been recognized since the 1980s as key sources of uncertainty in numerical weather prediction
and wind resource assessment (e.g. Mahrer, 1984). Although the manuscript clearly demon-
strates a relationship between elevation differences and wind speed bias, it remains unclear
what novel practical guidance is provided beyond this established understanding.

We agree with the reviewer and we expanded the discussion regarding the potential physical causes of the
bias and whether our analysis considers them explicitly /implicitly. Described the effects of terrain smoothing
on numerical stability. Described the significance and implications of our results.

The manuscript states on multiple occasions that models underestimate wind speed in com-
plex orography. However, this statement is contradicted by several studies that are not cited
(Jiménez et al., 2011; Gémez-Navarro et al., 2015; Solbakken et al., 2021; Cheynet et al., 2025).
I assume this may be an oversight, but it should be corrected. A more accurate statement
is that both underestimation and overestimation are reported in the literature, depending on
location, flow conditions, and model resolution. A clear example is provided by Solbakken et



al. (2021), where the sign and magnitude of the bias depends on the model and location. This
issue indicates that the literature review is incomplete in its current form. A comprehensive
and balanced review of prior findings is a fundamental component of academic work and is
necessary to properly position the present study.

The literature review was extended. Conclusions from large scale studies regarding wind biases in complex
terrain were clarified. We would like to note that a lot of model and observation comparison studies of winds
at turbine heights focus on small regions. These studies individually cannot be used to establish general
relations between terrain complexity and bias. In other words, you need sufficient number of both simple and
complex terrain stations for the same model setup to acquire general conclusions. Nevertheless, we included
results from small scale studies into the literature review as well.

I believe the discussion section should be substantially revised in this regard. In its current
form, it reads more like a narrative review of known issues than a critical reflection on the
specific findings of the present study. The discussion would benefit from a stronger focus on
interpreting the results, clarifying what is genuinely new, and explaining how the findings
advance, or refine existing understanding. At present, the connection between the presented
results and their broader implications remains insufficiently developed.

We expanded the discussion section, and removed the unnecessary repetition of our results from the result
section.

2 Specific comments

Introduction, paragraph 1: The 37GW value refers to the estimated annual installation rate
required to meet EU climate targets, rather than a target in itself. This distinction should be
clarified. In addition, the term “total cumulative capacity” (or “cumulative installed capacity”)
would be more precise than “total capacity” in the sentence: “To reach the goal, wind turbines
with a total capacity of at least 37TGW have to be installed each year (European Commission,
2023).”

Was added to the paragraph (line 21).

Introduction, paragraph 2: The statement that wind farms aim to maximize profits ap-
pears overly simplified. In practice, developers often prioritize stable and predictable revenue
streams, particularly in offshore wind projects. This issue is currently discussed in industry re-
ports, including recent publications by the Global Wind Energy Council (GWEC). The authors
may wish to nuance this statement and provide an appropriate reference.

The statement was clarified and extended (lines 22-25).

Introduction, lines 26—34: The statements in this paragraph require supporting references; in
their current form, they read as assertions rather than established facts. Claims related to
wind resource assessment should be supported by relevant guidelines (e.g., IEC standards),
and statements concerning wind speed measurements at 100m or higher could be referenced
to representative studies such as Knoop et al. (2021), Ramon et al. (2020), and Cheynet et al.
(2025). Adding these references would strengthen the scientific basis of the introduction and
clearly distinguish established knowledge from interpretation.

The paragraph has been improved (lines 31-41).

Introduction: The distinction between synoptic, mesoscale, and microscale processes should be
introduced more systematically and earlier in the manuscript. While synoptic and mesoscale
models are briefly described, the microscale is not defined, despite the fact that terrain repre-
sentation and elevation differences are central to the analysis. Since terrain-induced flow fea-
tures (e.g., slope flows, recirculation, wake effects) occur at microscale and are closely linked
to how terrain is numerically represented, this scale separation is conceptually important.
Mesoscale models typically rely on terrain-following coordinate systems, whereas microscale



models often use unstructured meshes or immersed boundary methods that better resolve
steep slopes and complex topography. Given that terrain representation is a core theme of
the manuscript, a clearer review of modelling scales and their implications (with appropriate
reference) for wind bias would strengthen the theoretical framing of the study

We extended the distinction between modelling scales (lines 51-70).

Introduction, lines 52-58: I understand that the exact mast and/or lidar locations cannot
be disclosed due to commercial restrictions. However, the current presentation of country-
aggregated locations (Fig. 1) is overly coarse and limits the reader’s ability to assess spatial
representativeness. Do you think it would be possible to display approximate locations with
sufficiently large markers or spatial aggregation (e.g., within £100 km) that preserve confiden-
tiality? Improving the spatial transparency of the dataset would strengthen the interpretability
of the large-scale analysis.

We decided to use hexagonal binning instead of Kriging when visualising results to better present the spatial
representativeness (figure 8 and 11).

Line 62: The statement that wind speed bias generally shows a negative correlation with
elevation appears overly general. As noted in my major feedback, both underestimation and
overestimation have been reported in complex terrain, depending on model resolution and flow
conditions. Moreover, the assertion that the physical causes of the bias are “still unclear” is too
strong. Several mechanisms contributing to bias in mountainous regions are well documented,
including ridge-top acceleration, flow separation, sub-grid orographic drag parameterizations,
and terrain smoothing effects. The sentence, and possibly the surrounding paragraph, should
therefore be revised to provide a more balanced and physically grounded discussion.

We extended the discussion with more studies on previous assessments of biases and their possible causes
(lines 78-110).

Introduction, final paragraph: The last paragraph does not clearly outline the structure and
organisation of the manuscript. Instead, it reiterates a general statement about terrain repre-
sentation. It would improve clarity if the authors briefly summarised the main components of
the study (datasets, bias analysis, PCA approach, and evaluation strategy) and indicated how
the paper is structured. This would provide the reader with a clearer roadmap of the work.

The paragraph that describes the structure of the paper was added at the end of the section (lines 123-128).

Section 2.1: The distribution of measurement heights is described numerically, but a graphical
representation (e.g., a histogram) would be more informative. Given that vertical representa-
tiveness is central to hub-height validation, a histogram would allow the reader to immediately
assess how strongly the dataset is weighted toward sub-100m observations and how many sites
represent modern turbine hub heights.

Histogram of observation heights was added to the paper (figure 3 (a)).

Section 2.1: The manuscript states that “Wind speed was interpolated using the power law,
i.e., assuming that the logarithm of wind speed is a linear function of the logarithm of the
height.” This formulation may cause confusion. The power-law profile and the logarithmic
wind profile are distinct approaches. It would be helpful to clarify whether a fixed exponent
was assumed, how it was determined, and to ensure consistent terminology throughout.

Linear interpolation in log-log space is an interpolation using the power law relation. But we agree that
the wording we used might cause a confusion. Interpolation procedure was described more explicitly. (lines
283-294)

Section 2.1: The description of the vertical procedure is conceptually unclear. The power-law
wind profile is a parametric model, not inherently an interpolation method. Whether the
procedure constitutes interpolation or regression depends on how the exponent is obtained



(prescribed, derived from two levels, or fitted from multiple levels). The manuscript should
clarify how the exponent is determined and use consistent terminology.

Interpolation procedure was described more explicitly (see previous comment).

Section 2.1: The statement that ERA5 native model-level data are “labelled for expert users”
and therefore not used may be misleading. ERAS5 provides geopotential, allowing pressure- or
modellevel data to be converted to geometric height in a straightforward manner. While this
requires additional processing compared to directly using 10m and 100m products, it would
not generally be considered “expert-level” usage. The authors may wish to rephrase this
justification and clarify whether the choice was made for consistency and simplicity.

Use of only 10 m and 100 m winds from ERA5 was justified more carefully (lines 139-145). We added
implications of it to the discussion section (lines 709-715).

Section 2: The manuscript provides little information about the digital elevation models
(DEMs) used in the terrain representation of the atmospheric models and does not define
basic terminology (e.g., DEM vs. digital terrain model, DTM). For example, when WRF
is used, the terrain data are typically derived from global DEM sources such as the Shuttle
Radar Topography Mission (SRTM). Other models or datasets may use alternative elevation
products (e.g., CopernicusDEM, TanDEM-X) that differ in source, spatial resolution, and ver-
tical characteristics. Since the choice of DEM, its vertical accuracy, and whether a bare-earth
terrain model (DTM) or surface model (DSM) is used directly affect terrain representation
and model bias, the manuscript should clearly state which elevation products are used for
each model dataset (including source satellite mission and vertical resolution) and distinguish
between terrain model types.

A paragraph was added describing terrain sources in model datasets (lines 413-431).

Section 2.1 / Table 1: The manuscript uses both “HARMONIE-ALADIN” and “HARMONIE-
AROME”. It is unclear whether this reflects two different configurations or inconsistent ter-
minology. The authors should clarify the modelling system used and adopt consistent naming
throughout the manuscript.

The issue was fixed. CERRA uses HARMONIE-ALADIN and NORA3 uses HARMONIE-AROME model
configurations. Modelling system in the table is referred to as HARMONIE.

Section 2.2.4: The terrain resolutions are reported using “s” or “seconds”, which may be
confused with temporal units. Since these refer to angular resolution, the term “arcseconds”
(or “arc-minutes” where applicable) should be used consistently to avoid ambiguity.

Seconds and minutes were replaced with arcseconds and arcminutes when necessary. Units are now abbrevi-
ated as 1’ and 1”.

Table 1: Units should be included in the column headers wherever possible (e.g. temporal
resolution). Providing units directly in the header improves clarity and avoids ambiguity.

Change added to columns “Height levels used” and “Temporal resolution”

Section 2.2.4: The conversion of angular resolution to metric units is latitude dependent. While
1 arcsecond in latitude corresponds to approximately 30 m globally, the longitudinal spacing
decreases with cos(latitude). Since the WRF domain is located in Sweden, the effective zonal
resolution differs substantially from the equatorial approximation. It would be clearer to either
report the resolution in angular units only or clarify that the metric conversion is approximate
and direction-dependent.

It was clarified that the approximate distance is in the latitudinal direction when necessary.

Section 2.1 / Figures: Kriging is mentioned briefly as a method to present spatial patterns while
masking exact locations, but it is not described further. The manuscript should clarify how



the variogram was defined and whether cross-validation was performed. Since kriged fields are
used to interpret spatial bias patterns, the interpolation methodology should be documented.

A different method of spatial data aggregation was chosen, so the comment is no longer relevant.

Section 2.1: It is stated that exact observation locations cannot be disclosed. It would be helpful
to clarify whether all locations are confidential or whether a subset could be shown at higher
spatial resolution. This would improve transparency regarding the spatial representativeness
of the dataset.

We chose hexagonal binning instead of Kriging to better show spatial representativeness of the dataset.

Section 2.2.1: Model values are taken from the closest horizontal grid cell to the observa-
tion location without considering land properties. This corresponds to nearest-neighbour sam-
pling. In complex terrain, such an approach may introduce additional representativeness error.
Scattered linear interpolation is computationally inexpensive and would generally provide a
smoother and more physically consistent estimate of model values at the observation location.
The choice of nearest-neighbour sampling should therefore be justified or replaced with a more
appropriate method.

Justification of the method was added to the manuscript (lines 277-282).

Section 2.2.1: The vertical interpolation methodology requires further clarification. The power-
law profile depends on the shear exponent, yet it is not stated whether a fixed value was
assumed or derived from model levels. Moreover, surface roughness length is not discussed,
although it directly influences vertical shear. If higher-order polynomial fitting was applied
between two levels, this would risk overfitting. The vertical matching procedure should be
described more explicitly to ensure reproducibility and to assess its impact on the diagnosed
bias.

Interpolation procedure was described more explicitly (lines 283-294).

Section 2.2.2: Would it be more appropriate to describe PCA as identifying dominant “modes”
or “patterns of variability” rather than “features”? The term “feature” has been widely used in
machine learning, but it may be somewhat ambiguous here, as principal components represent
directions of maximum variance rather than discrete physical features.

Replaced “features” with “modes” where necessary.

Section 2.2.2: The description of PCA appears to conflate statistical variance decomposition
with physical causal decomposition. PCA identifies orthogonal modes that explain variance in
the dataset, but it does not in itself decompose the “causes” of model bias. The interpretation
of principal components in terms of physical mechanisms is a subsequent step and should be
described more cautiously. Similarly, the statement that the decomposition allows estimation
of how model output would improve if certain issues were fixed may be overstated unless
explicitly demonstrated. Clarifying this distinction would strengthen the manuscript.

Statements about orthogonal and physical decomposition were clarified. The statement about decomposition
allowing to estimate how model would improve was removed. (lines 331-334)

Section 2.2.2: The description of normalisation in the PCA procedure would benefit from
clarification. It appears that the analysis was performed using covariance-based PCA (data
centred but not standardised), and that scaling was applied only afterwards for interpretability
of scores and loadings. This choice is not necessarily incorrect, but it should be justified, as
using unscaled variables implies that time periods with larger variance dominate the principal
components. Moreover, the statement that the magnitude of principal component values is
affected by the number of dimensions is not clear to me. A clearer explanation of the scaling
and its implications for interpretation would improve methodological transparency.

Normalisation process was explained more clearly and equations were added (lines 353-381).



Section 2.2.3: The terrain representation section requires substantial clarification and restruc-
turing. First, the statement that wind speed bias in complex terrain is generally negative
is overly general (see my general feedback above). Both underestimation and overestimation
have been reported in the literature, depending on model resolution and flow regime, and this
should be reflected more accurately. Second, the physical mechanisms discussed (e.g., unre-
solved terrain features, orographic drag, speed-up effects) are introduced, but the manuscript
then narrows the hypothesis to elevation differences without clearly distinguishing between:
(i) horizontal terrain smoothing, (ii) vertical elevation mismatch, (iii) sub-grid orographic pa-
rameterisations, (iv) flow acceleration over ridges and slope flows. These mechanisms operate
differently and should not be conflated. In particular, horizontal smoothing alters terrain
gradients and slope angles, thereby modifying flow acceleration and deceleration processes,
whereas vertical elevation mismatch primarily shifts the reference height of the comparison.
A clearer separation of these mechanisms supported by appropriate reference to the scientific
literature would strengthen the physical interpretation of the results.

Statement about the general negative wind speed bias in complex terrain was fixed. A more throughout
review of wind biases in complex terrain was presented in the introduction section.

Commonly used WRF setups including the one used in this study do not consider any sub-grid terrain
properties and perform calculations only based on the resolved terrain. Sub-grid parametrisation related
effects have been already clarified due to a different comment (lines 465-468).

We agree that spatial terrain aggregation and smoothing influence multiple different physical processes, which
subsequently influence the modelled winds. However, methods used in this work do not allow to distinguish
between the effects of different physical processes. While changes in terrain slopes and elevation mismatch
are two different things, smoothing of the terrain affects them in a consistent way. When the terrain is
aggregated and smoothed, it is generally true that the magnitude of slopes decreases. Similarly, due to the
terrain smoothing, the elevation of points that are locally higher (hilltops) decreases, while the elevation of
points that are locally lower (valleys) increases.

We use elevation difference as a measure of how much terrain elevation has changed at a particular location
due to smoothing. Results of our work show that magnitude of the elevation change has an effect on magnitude
of both wind speed and direction biases. Moreover, the magnitude of the bias depends on both season and
time of day. As the terrain elevation is something that can be changed in the model, our results suggest that
changing terrain input data in models can potentially fix these biases.

We have clarified this in the section (lines 383-403).

Figures 4 and 11: The colourbar label may be misleading. The plotted quantity is described as
“standard deviations”, yet both positive and negative values are shown. A standard deviation
itself is non-negative; what is displayed appears to be a standardised principal component
score (i.e., the PC value divided by its standard deviation, equivalent to a z-score). It would
therefore be clearer to label the colourbar as “standardised PC1 score” or “PC1 (in units of
the standard deviation)” and to revise the caption accordingly to avoid confusion.

Has been corrected.

Section 3.1: The manuscript suggests that PC1 of the wind direction bias may be caused
by improper calibration of the reference wind direction or by local obstacles near the mast.
However, potential measurement-related uncertainties are not discussed in Section 2, where the
observation dataset and quality control procedures are described. If sensor calibration issues,
mast shadowing, flow distortion, or nearby obstacles are considered plausible contributors to
the diagnosed bias, the applied observation quality assurance procedures should be described
more explicitly. Given the large number of observation sites (>500), it is understandable that
individual manual inspection is not feasible. Nevertheless, automated quality-control measures
(e.g., sector-wise filtering, detection of flow distortion, or flagging of sites with nearby obstacles)
could potentially be implemented or at least discussed.

Quality control was previously performed by the data providers. It has been added to the text: “Observation



data in the EMD’s mast database were previously quality controlled by the individual data providers using
in-house methods, making them suitable for wind resource assessment.”

Furthermore, the reported standard deviation of wind direction bias (8°-10°) and spatial vari-
ations on the order of 5°might be comparable to typical wind vane installation and alignment
uncertainties. This raises the interesting question of whether part of PC1 reflects measurement
uncertainty rather than model deficiency? Explicitly discussing the expected observational
accuracy would help contextualise the magnitude of the diagnosed bias and strengthen the
interpretation of the results.

Discussion of the mean wind direction bias was added to the result section (lines 557-574).

Section 3.1: The manuscript states that the physical interpretation of PC1 of the wind direc-
tion bias is outside the scope of the paper. However, since PCA is the central methodological
framework of the study and PC1 represents the dominant mode of variability, leaving its inter-
pretation largely unresolved weakens the overall contribution. It would therefore be preferable
to either provide a more thorough discussion of PC1 within the present manuscript or clearly
justify why it cannot be meaningfully interpreted with the available data. Given that PC1
appears to explain a substantial portion of the variance, its role should be addressed more
explicitly rather than deferred.

Discussion of the mean wind direction bias was added to the result section (see previous comment).

Section 3.2, paragraph 1: The manuscript states that wind speed and direction biases are
correlated with elevation differences and that the WRF sensitivity experiments provide “more
robust support for the hypothesis.” While the correlation is clearly demonstrated, the causal
interpretation should be stated more cautiously. The WRF experiments modify terrain input
resolution, but other mechanisms associated with complex terrain (e.g., slope gradients, oro-
graphic drag parameterisations) are not isolated. It would therefore be helpful to clarify what
aspect of terrain representation is being tested and to avoid conflating statistical correlation
with causal attribution. Furthermore, the statement that the two WRF simulations were hy-
pothesised to show differences “similar in nature” to those between models and observations
is somewhat vague. Maybe this sentence can be reprhased more clearly?

We expanded the section describing the goals and anticipated outcome of the experiment more explicitly.

We agree that smoothing of the terrain affects not only the elevation, but also slopes and the resolved
orography drag. Added a paragraph emphasising that our analysis directly focusses only on the elevation
differences. However, elevation differences describe changes in slopes and resolved orographic drag indirectly.
As was stated previously, our experiments do not consider changes in any of the sub-grid orographic properties.

Statement about models showing differences “similar in nature” was reformulated.
(lines 633-647)

Lines 482—483: The sentence “Correlations between values of principal components of model
differences and elevation differences can be interpreted similarly to the case when models and
observations are compared” is unclear to me. Maybe can it be reformulated?

The sentence was reformulated (lines 674-675).

Section 4: The discussion currently reiterates several results already presented in Section 3
rather than critically reflecting on their implications. The section “Discussion” should not
serve as an extended interpretation of the results, but rather as a critical reflection on the
assumptions and limitations of the present work. Reducing repetition and strengthening the
critical synthesis would improve the scientific depth of the manuscript.

Removed repetition of results from the discussion section.

Section 4: The repeated statement that wind speed underestimation in complex terrain has
“unclear” causes is somewhat misleading. Several mechanisms are well documented in the lit-



erature. In particular, terrain smoothing is often required for numerical stability and accuracy
in atmospheric models, regardless of whether terrain-following or other grid formulations are
used. Excessively steep slopes can degrade numerical stability, introduce pressure-gradient er-
rors, or distort flow representation, which motivates the use of terrain filtering (e.g., Gaussian
smoothing; see Schmidli et al. (2018)). Thus, terrain smoothing is not merely a modelling
deficiency but also a practical numerical constraint. This distinction should be discussed more
explicitly when interpreting bias in complex terrain.

Added discussion regarding causes of wind speed bias in complex terrain. Added discussion regarding smooth-
ing of slopes.

Section 4: The manuscript primarily attributes bias to elevation differences between model
and real-world terrain. However, horizontal terrain smoothing alters slope gradients and
curvature, which affect flow acceleration, separation, and exposure independently of simple
vertical elevation mismatch. These mechanisms operate differently and should be discussed
separately. A clearer distinction between elevation mismatch and slope-induced flow dynamics
would strengthen the physical interpretation.

The elevation discrepancy directly affects processes such as orographic speed-up and exposure. However, other
processes such as slopes and resolved orographic drag are considered indirectly, since a stronger elevation
discrepancy implies locally stronger orography changes due to smoothing. It was clarified in the manuscript.
We expanded discussion regrading other physical processes potentially affected.

Section 4: The discussion of microscale modelling is introduced only briefly in the final para-
graph. This topic deserves a more balanced and technically grounded treatment. Computa-
tional fluid dynamics (CFD) includes both RANS and LES approaches, which differ substan-
tially in computational cost. RANS-based methods have been successfully applied in highly
complex terrain (e.g., Norwegian fjords), capturing flow features unresolved by mesoscale mod-
els. Operational tools such as WindNinja also incorporate fast CFD modules (Wagenbrenner
et al., 2019). WASsP has also a CFD module. Expanding this discussion would strengthen the
practical implications of the study.

Discussion regarding microscale modelling has been expanded (lines 807-834).

Section 4: The discussion would benefit from a clearer reflection on the assumptions and
limitations of the study. For example: (i) the reliance on elevation difference as a proxy
for terrain representation, (ii) the neglect of roughness and land-use effects, (iii) the use of
covariance-based PCA, and (iv) the assumption that local bias correction propagates non-
locally. In addition, future research directions could be broadened. Beyond physics-based
microscale modelling approaches, recent advances in machine learning have shown potential
for accelerating microscale flow prediction and bias correction (e.g. Dujardin and Lehning,
2022). Addressing such developments would better position the study within current research
trends.

We added the reflection on the assumptions and limitations of our study throughout the discussion section.
Further possible research directions were added.

Section 5 (Conclusions): The conclusions are largely qualitative and would benefit from a
clearer quantitative synthesis of the main findings. For example, the manuscript reports cor-
relations between principal components and elevation differences, as well as bias magnitudes
expressed in ms~!' per 100 m elevation difference. Summarising these key quantitative results
explicitly in the conclusion would strengthen the clarity of the study.

We added quantitative results to the conclusion section (lines 843-852).

Section 5 (Conclusions): Since complex terrain in Scandinavia is highlighted as a key region of
systematic bias, the conclusions could be better contextualised within existing mesoscale and
microscale modelling studies conducted in Norway and Sweden. Several studies have evaluated
both mesoscale and CFD-based approaches in highly complex Nordic terrain. Positioning the



present findings relative to this body of work would clarify whether the identified elevation-
driven bias is consistent with, complementary to, or distinct from previously reported results.

Our work focuses on the assessment of model biases on a larger spatial scale. Our aim was not to explicitly
analyse model performance in Scandinavia. We chose Scandinavia as a representative region with diverse
terrain to inspect the effects of terrain smoothing on modelled winds.

We added the context of our results to other large scale model assessment studies in complex terrain to the
discussion section.

Section 5 (Conclusions): The conclusion could more explicitly reflect on the study’s limita-
tions and assumptions, particularly the reliance on elevation difference as a proxy for terrain
representation and the inability to disentangle the contributions of slope effects, roughness,
and sub-grid parameterisations. A concise statement of limitations and implications for future
work would improve the balance and completeness of the section.

We added reflections about limitations and assumptions of our study (lines 858-866).



