Dear Editor and reviewers:

Many thanks for the review comments that we received to our paper. They have
contributed to improving the quality of the manuscript. We have carefully addressed
the reviewers’ comments and suggestions. Typos are corrected. Please find below
(in blue) our point-by-point responses to each of the reviewer's comments.

Interactive comment on “The impact of initial conditions on convection-permitting
simulations of flood events” by Lu Li et al.
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The comments below come from someone from the atmospheric modelling
community, and I know some of the co-authors are also atmospheric model users.
Hence, some comments may come from a somewhat different angle.

Overall, I find the paper quite easy to read, but there are some issues in the earlier part
of the paper that the authors seem to have forgotten readership may include non-
hydrologists. It will be nice to put some of the results in the broader context — like the
need of high resolution models to deal with complex topography and what the snow-
prescribed simulations may mean in climate change.

e Thanks for your suggestions. We have added more detailed contexts and
comments in a new Discussion section of the revised manuscript.
“Precipitation pattern in Norway varies spatially and is highly affected by the
complex topography. More specifically, there is a strong west-east gradient of
precipitation, with decreasing amounts as we move eastwards across the
mountain range (Dyrrdal, A.V., 2015). To represent the interaction between
the atmosphere and the complex terrain realistically there is a need for high
spatial resolution in models. For example, for the episode under investigation
here Pontoppidan et al. (2017) showed that a 3 km grid scaling represented
the precipitation distribution better than an equivalent simulation with 9 km
grid spacing, which lacked the observed spatial variability and was unable to
show dynamical features like gravity waves. Furthermore, a recent study by
Magnusson et al. (2019) found that the grid resolution is important in energy-
balanced snow models and the scale error increases with subgrid
topographic variability. They also suggested that for snow models the best is
to run at the highest possible resolution and any upscaling can bring large
regional errors because of model nonlinearities. The results from our study
confirmed that convection-permitting simulations fairly fit the requirements of
hydrological processes determining flood events in western Norway and
address them in a realistic manner.

Most of the precipitation in Norway is frontal, caused by large-scale cyclone
activity in the North Atlantic (Heikkila et al., 2011). In the West coast region,
extreme precipitation occurs in autumn and winter, which is dominated by
orography and frontal systems (Dyrrdal, A.V., 2015). In Eastern Norway,
where the mountain ranges are located, the annual precipitation is less than
the west but with the highest amounts occurring near the steepest surface
slopes in winter and fall (Andersen, 1972). In Southeast Norway, however,
intense precipitation is dominated by convective precipitation in summer.



Norway, despite its high latitude, has a diverse range of climates including
northern Arctic, central alpine and southern maritime and can exhibit an
equally wide range of snow regimes (Pall et al., 2019). The role of snowmelt
and rainfall is highly relevant for the seasonal flood regimes (Barnett et al.,
2005; Vormoor et al., 2016). For example, south-central Norway has an
alpine climate, which receives large amounts of precipitation, approximately
30% as snowfall (Saloranta 2014) and has high discharge during spring and
early summer due to snowmelt. Southwestern Norway has a maritime climate
and the highest precipitation occurs in fall and winter, which often results in
flood events (Vormoor et al. 2016). From the results of the study, we can see
that the snow feedback to river flow depends on which snow regime the
region is in, i.e., little or no snow (CTRL, 0.1 m snow), a lot of snow (1.0 or
2.0 m snow), or somewhere-in-between (0.5 m snow). According to previous
studies of the current climate, snow cover above 800m is present for over 200
days of the year in southern Norway (Hanssen-Bauer et al., 2015) and the
observed median snow depth of Norway varies from 0.1 - 0.5 m during
October - May (1957-2011) (Saloranta, 2012). In some regions of Southern
Norway, the snow depth can be up to 2 - 3 m during the late winter
(Andreassen and Oerlemans, 2009). Furthermore, Pall et al. (2019) has
constructed a rain-on-snow climatology using a 1km gridded observation data
(during 1961— 1990) and found that an average monthly count of daily rain-
on-snow events varies from 2 to 4 during winter-spring in Southern Norway.
Under climate change impact, the snowpack distribution (both temporal and
spatial) in Norway will be changing. In general, snowmelt floods will reduce in
Norway, while the winter precipitation will increase, which may also lead to
larger snow storage, e.g. in mountainous areas in Eastern Norway (Hanssen-
Bauer et al. 2015). Meanwhile, other studies also showed that in Norway
general increases in both precipitation and temperature (especially warmer
winters) will intensificate the risk of rain-on-snow events in certain regions
and seasons. Such events can be a major trigger of hazards, i.e., floods and
landslides, in the country (Hansen et al. 2014; Pall et al., 2019). The regional
pattern of increases and decreases of flood events (both frequency and
magnitude) reflects the balance between the different and sometimes
counteracting processes, €.g., snowpack dynamics, snowfall vs. rainfall.”

Major comment:

1. Be aware who might be reading the paper, and make sure they understand your
terminology. Just in the abstract and the Section 1, there are few cases that the authors
use acronyms and terminologies that may be readily understandable by hydrologists
but not to other readers; proper definitions somehow get mentioned later in the paper,
but not on the first incidence that they are used. WRF is a tool commonly used by the
NWP and climate community, so it is important to make sure all members of the
WRF community to understand what you are talking about. See minor comments for
details.

e We agree. Now all the terminologies have been checked and definitions are
given at the first time shown, including ‘HBV’, ‘WRF-Hydro’, ‘WRF’, and
‘NSE’. Please see them in the revised manuscript and the replies in the
‘minor comments’ part.

2. As the authors indicate that one needs the high-resolution WRF model to get the
precipitation right around the complex topography in their region of interest. One way



to show that is to demonstrate how different the precipitation looks like with the
lower- resolution 9km model. I hope it is not too much to ask, but how would Figure
5 looks like for the 9km WRF simulation?

The 9 km simulation output results in a much coarser precipitation
distribution. Figure 1 below shows a comparison of 3 km and 9 km WRF
simulation. Regarding how the precipitation distribution is affected by the grid
scaling, the details are already addressed in Pontoppidan et. al (2017) where
it is shown via a number of metrics that the higher resolution simulations
reproduce more faithfully the analyzed event. Our work uses the output of
Pontoppidan et al. (2017) as the starting point for the assessment of the
hydrological impact. So in this paper, we try to avoid repeating the analyses
of Pontoppidan et. al (2017). We have clarified this in the manuscript and
emphasized the conclusions.
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Figure 1: (a) Accumulated precipitation during 23.-31. October of CTRL simulation from the 9 km grid spacing;
(b) Accumulated precipitation during 23.-31. October from the 3 km grid (which is the original Figure 5 in the
manuscript).

3. Figure 9: Is this due to the short spinup runs have soil dry enough to absorb
additional precipitation into the ground during the initial phases of the event? It will
be good thing to check within the context of what you see for Figure 7 and will show
what the WRF land surface scheme is doing to your results.

Thank you for your comment. Yes, this is mainly due to the difference of soil
moisture. In order to clarify this point, we added an additional figure in the
revised manuscript (Figure 8). The figure shows the evolution of basin
averaged soil moisture during the period of 23 - 31 October from the different
spinup experiments. The soil moisture on the first day clearly differs between
spinup times in all catchments. More specifically, the soil moisture on 23
October increases with the increase of spinup time length, which indicates
that runs with short spinup have a much drier soil that can absorb additional
precipitation during the initial phase of the event, i.e., 23 — 25 October. In
general, the soil becomes slightly wetter with increased spinup time. 2 - 3
days after initialization, the soil is saturated no matter the spinup time. This is
likely due to the relatively shallow soil depth in the mountainous region of



Southern Norway. We have added this discussion to the revised manuscript.
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Figure 8: The four basin averaged simulated soil moisture with different spinup time, including 1
day (1d-spinup), 3 days (3d-spinup), 5 days (5d-spinup), 12 days (12d-spinup) and 26 days (26d-
spinup) for the flooding events during 23 - 31 October, 2014.

4. If I understood Section 4.5 correctly is that the authors’ sensitivity simulations with
snow generally falls into two scenarios (“no or nearly-no snow” (control or 0.1 m
snow) or “a lot of snow” (0.5+m). In between 0.1 and 0.5m, there will be cases that
we may see snow making an impact to the discharges in between those two above bi-
nary regimes. This is important in climate change impact — that the snow feedback to
river flow will depend on which snow regime we will be in (no snow, a lot of snow,
or somewhere-in-between regime). Of course, this is just one event and the authors
have given context how rare the event is (50-year return), and it occurred in October
(which would have no or little snow).

e This is a valid point and more focused snow-sensitivity study (with many more
cases) would be warranted. We have added more references on this topic in
the revised manuscript. We have added the following to section 4.5 of the
revised manuscript: “From the results, we can see that the snow feedback to
river flow depends on which snow regime the region is in, i.e., little or no
snow (CTRL, 0.1 m snow), a lot of snow (1.0 or 2.0 m snow), or somewhere-
in-between (0.5 m snow). Norway, despite its high latitude, has a diverse
range of climates including northern Arctic, central alpine and southern
maritime and can exhibit an equally wide range of snow regimes (Pall et al.,
2019). In all the role of snowmelt and rainfall is highly relevant for the
seasonal flood regimes (Barnett et al., 2005; Vormoor et al., 2016).”

Hence, it will be nice to comment on the following issues: a. Some general comments
about the seasonal cycle of extremes in Norway: How often do you see comparable
precipitation extreme events during late winter, spring, early summer in which snow
would become a factor?



The precipitation pattern in Norway varies spatially and is highly affected by
the complex topography. More specifically, there is a strong west-east
gradient of precipitation, with decreasing amounts as we move eastwards
across the mountain range. Most of the precipitation is frontal, caused by
large-scale cyclone activity in the North Atlantic (Heikkila et al., 2010;
Dyrrdal, A.V., 2015). In the western coast region, extreme precipitation occurs
in autumn and winter, which are dominated by orographic and frontal
precipitation. In Eastern Norway, where the mountain range is located, the
annual precipitation is less than the west but with the highest amounts
occurring near the steepest surface slope in winter and fall (Andersen, 1972).
In Southeast Norway, however, intense precipitation is dominated by
convective precipitation in summer.

As mentioned above, the role of snowmelt and rainfall is highly relevant for
the seasonal flood regimes. For example, south-central Norway has an Alpine
climate, which receives large amounts of precipitation, approximately 30% as
snowfall (Saloranta 2014), and has high discharge during spring and early
summer due to snowmelt. Southwestern Norway has a maritime climate and
the highest precipitation occurs in fall and winter (Vormoor et al. 2016).
Furthermore, Pall et al. (2019) has constructed a rain-on-snow (ROS)
climatology using a 1km gridded observation data (during 1961— 1990) and
found that an average monthly count of daily ROS events varies from 2 to 4
during winter-spring in Southern Norway.

We have added the relevant literature and discussion in the revised
manuscript.

Are there any reasonable reason to believe the probability of such events during the
snow-relevant months to change in the future? I hope this is just some additional
literature review. b. What are the typical snow depths that you get by the end of
winter? How is that expected to change? I would speculate snow depth would likely
to be in “a lot of snow” regime, but it would be good to see some actual numbers and
how they compare with the prescribed snow depths. It will also justify your choices of
snow depths for the sensitivity simulations.

Norway is dominated by mountainous regions. As such, ROS events are
more severe and complex in Norway compared to other countries. According
to previous studies, snow cover above 800m is present for over 200 days of
the year in Southern Norway (Hanssen-Bauer et al., 2015) and the observed
median snow depth of Norway varies from 0.1 ~ 0.5 m during October — May
but with substantial spatial heterogeneity (1957-2011) (Saloranta, 2012). In
some regions of Southern Norway, the snow depth canbe upto 2-3 m
during the late winter (Andreassen and Oerlemans, 2009). Studies also show
that in Norway, generally, the size of rainfall floods is expected to increase,
while meltwater floods will decrease (because of reduced snowpack). Higher
temperatures cause the flood time to shift towards earlier spring floods, while
the danger of floods in late fall and winter increases (Hanssen-Bauer et al.,
2015), which indicates that the risk of ROS events may increase in some
regions and seasons (for example Western Norway winter, Northern and
Eastern Norway spring), which can be a major trigger of hazards, i.e., floods
and landslides, in the country. We have added additional references and
discussion in the Discussion section of the revised manuscript.



Minor Comments:

Consistency with the use of @vstedal/Svartavatn, Vossevangen/Bulken and various
basin/station name pairs: There are quite a few places in the figures and the text that
the names for the name pairs are used in interchangeably. Would it be possible to
keep both names together at all times (i.e. always say “@vstedal-Svartavatn” together,
but not one without the other)?

e We apologize for this lack of clarity. These refer to pairs of stations: the
discharge stations are Svartavatn, Bulken, Kinne and Myrkdalsvatn; while the
rain gauge stations, which are closest to the basins, are Vossevangen,
Mjglfiell, Qvstedal and Myrkdalen, respectively. We have added the nearest
rain gauge stations to Table 1 and also clarified this in section 2.3 of the
revised manuscript.

Abstract line 18-20: Define HBV and NSE.

e The abstract has been revised. We reduced the number of words of the
abstract in response to comments from the first reviewer and added the
definitions of all acronyms (e.g., HBV and WRF-Hydro).

Line 36: How much that is in C or USD terms? (~ C3 million, 14 million USD?)
Also, it may helpful to quote human casualties as well (if there are any).

e We have added “(~ 16.4 million USD) ” in the sentence. While villages were
isolated for days, there were no human casualties.

Line 65: The meaning here is somewhat unclear here; are you trying to ask if it is the
snow or the rain that causes flooding during a rain-on-snow event?

e We apologize for the lack of clarity. Yes, we were trying to ask which is
actually the main cause (rain or snow) of flooding during a rain-on-snow
flooding event. But we also feel this is a bit confusing, so we removed the
sentence.

Line 110-111: Given the broad readership of the journal, the authors may have to
briefly discuss what the Nash-Sutcliffe Efficiency is. Are NSE = 0.8 and 0.27 good or
bad (this is only briefly mentioned much later in the manuscript in section 3.3)?

e We have added a clarification in the sentence: “ (a perfect model result of
NSE is 1.0 and NSE value of 0 indicates that the model predictions are as
accurate as the mean of the observed data)”.

Line 134: I presume “offline” refers specifically to what happen to the hydrological
physics (the hydrological model that is coupled to WRF just respond passively to
WREF precipitation and radiative flux forcings). Otherwise, “offline” makes little
sense to a reader from the NWP or regional climate modelling community. One way
to avoid this problem is to properly define what “offline” means and it only applies to
the hydrological model and has nothing to do with WRF.

e Thanks for the comment. We have added the following clarification:
“... WRF-Hydro is designed to link across these components and their
characteristic scales to provide a modelling framework that can address these



gaps (Gochis et al., 2018). It enables improved simulation of land surface
hydrology and energy states and fluxes at high spatial resolution (typically 1
km or less). It can be used in either “offline” (uncoupled to the atmospheric
component of the model) or “fully-coupled” modes (the hydrological model
components have two-way interactions with the atmospheric component)
(Gochis et al., 2015).

The work is built upon the study of Pontoppidan et al. (2017) for the
simulation of the meteorological processes and the hydrological impact. As
such, an ‘offline’ (‘uncoupled’) configuration for the WRF-Hydro model is
chosen.”

Figure 1: If possible, add a horizontal legend how big your domain is (like the ones
you commonly see in maps and atlases).

e We have added the grid (i.e., latitude and longitude) in the Figure1. Please
see it in the revised manuscript.

Line 168: “snow observations from NVE” — “NVE snow observations”

¢ \We have corrected it.

Lines 282-283: Perhaps I am not familiar with the calibration of hydrological models,
but this comment about computational costs strikes me as a bit unusual as km-scale
WREF should be quite expensive; I would imagine that a month or two to run all those
WREF setups that are described in Table 2. It will be educational to put in context how
much wall clock time is needed to calibrate the hydrological model for one basin and
to do the WRF simulations.

e It took ~ 7 mins of wall time to run hydrological part (offine WRF-Hydro) in
HPC, comparing with ~13 hours to run WRF simulation during 1 September -
31 October, 2014. The PEST auto-calibration for hydrological model (offline
WRF-Hydro model) in Svatavatn basin took about 2 to 3 days of wall time.
The WRF-Hydro modelling system has already been widely used in the world
and served as one of the core models for national water model in the United
States (over 1000 basins in the whole US have been calibrated). In
hydrological science, model calibration work is a well-known and had
sophsiticated tools, like PEST. So we prefer to not give too much details
regarding this. More details can be given from the authors upon request.

Line 393: “doesn’t” — “does not”
¢ We have corrected it.

Figures 12, 13: the figures will be easier for the readers to follow if the average
heights of the basin are given in the subtitle of each panel.

¢ We have added average elevations of the four basins in the subtitles of
Figures 12 and 13 (Figures 13 and 14 in the revised manuscript).
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