Reviewer #2

G1 This paper applies a storm surge model (with tide) forced with an atmospheric model, which is
used with different resolutions. The scope is to assess the impact of different spatial and temporal
resolutions on the accuracy of the ocean model results. The paper has good English and is easily
readable. However, the purpose of the paper is weak; the findings are based only on one case,
and the comparison with the observations is poor. Therefore, I recommend a substantial revision
before a new submission, and I had to reject it in the current form.

Response: We thank Reviewer 2 for their constructive feedback and the opportunity to improve
the manuscript. We acknowledge the concerns on the original submission regarding the limited
scope of the original study and the need for more extensive validation.

In response, we have significantly expanded the validation effort by incorporating additional sea
surface elevation stations from the coastal and offshore North Sea, in addition to those within the
estuary, as well as wind observations over both land and sea. These new validation highlight that
higher-resolution atmospheric forcing improves wind field accuracy throughout the domain and
even more over land and estuary, which, in turn, enhances the simulation of surge in the hydrody-
namic results. Notably, we show that finer resolution strengthens the representation of momentum
transfer at the sea surface, leading to more realistic surge propagation from the open sea into the
estuary. This highlights the importance of capturing both local and remote dynamics—insights we
believe are applicable beyond the specific case studied here.

These new validations are discussed in detail, and we have expanded our interpretation of the
results to reflect their broader implications.

In light of Reviewer 2’s comment regarding the concern on a single case study, and in line with
Reviewer 1’s suggestion, we have revised the manuscript’s title to better reflect its focused scope:

The modified title now reads: “Assessing the sensitivity of storm surge simulation to the atmo-
spheric forcing resolutions across an estuary-sea continuum”

As also noted by Reviewer 1, this study is among the first to explore the combined influence
of atmospheric forcing resolution—both spatial and temporal—on storm surge dynamics in an
estuarine context. While the analysis focuses on a single, well-documented storm and estuarine
system, we believe the findings offer valuable insights that can inform future modeling efforts in
similar environments.

To better position our work within the existing literature, we have clarified the study’s objectives
and expanded the background discussion. For instance, we now reference Weaver et al. (2016),
who found that spatial resolution has a greater impact than temporal resolution in storm surge
simulations for the Indian River Lagoon, and Lorenz and Griawe| (2023)), who highlighted limita-
tions of coarse reanalysis datasets such as ERAS in resolving coastal wind speeds over the Western
Baltic Sea. These studies help contextualize our findings and reinforce the broader relevance of
resolution choices in coastal modeling.

We hope that these substantial revisions covering validation, context, and interpretation, address
Reviewer 2’s concerns and demonstrate the scientific contribution of this study to storm surge
modeling in estuarine and complex coastal environments.

G1 About the atmospheric model: it is not clear the increase in the model performances with the
resolution. For example, the Skm seems better than the 2km (see the gravity waves in the North),



Metrics

but also the correlation. However, to evaluate the wind quality of a model, many stations must be
used (not only one) and scatterometer data, if available. Finally, the authors should discuss the
computational time with different resolutions, which is not linear with the resolution increase;

Response: We thank the reviewer for noting this helpful point. We clarify the atmospheric model
performance in the revised manuscript. We have added 16 additional weather stations to validate
the atmospheric forcing in the Scheldt and North Sea. These additional stations are sourced from
the Global Historical Climatology Network hourly (GHCNh) dataset, which compiles observations
from fixed land-based stations operated by various meteorological agencies. The locations of the
stations used are shown in Figure 2a-b, with blue markers indicating stations near the Scheldt and
green markers for those in the North Sea region. This has been clarified in the text by adding
details about it in the methods section 2.4.

The updated section 2.4 now reads as: We use various error metrics to assess the quality of our
model results compared to observations from the different stations (see locations in Fig. [I). Let o
and m represent the observed and modeled values, respectively, for a time series consisting of N
data points. The mean of the observed time series is denoted by o, and the mean of the modeled
time series is denoted by m. The performance metrics used to evaluate the model are summarized
in Table[2} Observations include several types of data: wind speed, atmospheric pressure and wa-
ter elevation. Water elevation data were sourced from Rijkswaterstaat data, providing continuous
10 min observation data along the Scheldt estuary. Wind speed and atmospheric pressure obser-
vation were acquired from from two sources: the Flemish Banks Monitoring Network and located
in the Belgian Continental Shelf, Meetnet Vlaamse Banken, with resolution of 10 min and from
the Global Historical Climatology Network hourly (GHCNh) dataset maintained by NOAA. The
GHCNH includes observations from fixed land-based stations operated by various meteorological
agencies (Fig. [2). These datasets were used to validate the atmospheric forcing. In addition to the
metrics listed in Table [2] we assess the performance of the hydrodynamic model to simulate the
peak in the sea level by computing the mean absolute error (MAE) for the highest water elevation
value during the storm surge. Sea level or water elevation is defined as the barotropic sea level,
including both tide and surge components.

Table 2: Model performance metrics.
Description ‘ Formula

Mean Absolute Error (MAE) Averaged absolute difference between observation MAE = % Zizl [mi — o4

and model estimate at data point

1
Root Mean Square Error (RMSE) | Weight of the mismatch between model and data by the variability in data | RMSE = \/ ~ Zf\él(ml —0;)?

and variability

Correlation Coefficient (R) Quantifies the strength and direction of the linear relationship

1
Standard Deviation (o) Dispersion of data (model or observation) around the mean o= \/ N Zfil(rl —7)2
2i=1(mi —m)(0i —0)

R=
VS lms = mR S (01 - 92

between modeled and observed values

A systematic deviation from the observed value bias = N >imgmi — 0;

Normalized RMSE (NRMSE) RMSE normalized by the standard deviation of observations; NRMSE =

RMSE

o

useful for comparing datasets with different scales.

The result section has been updated to add the new validation stations and to clarify the perfor-
mance of the atmospheric model.

The updated paragraph about this latter reads as: The high-resolution atmospheric model with


https://waterinfo.rws.nl/
http://www.meetnetvlaamsebanken.be




