Reply to the Referee #2 for the manuscript (gmd-2017-174) submitted to GMD.

We would like to thank the referee for the comments on the manuscript. In this
document we discuss the concerns of the referee and indicate how we could improve

the presentation of this study if we are invited to submit a revised manuscript.

Responses to the Referee#2 : General Comment

The article entitles, “Simulating damage for wind storms in the land surface model
ORCHIDESS-CAN” is aimed to develop an earth system model using the submodel,
ORCHIDESS-CAN, with focusing on storm wind damage in forests. In terms of wind
damage, a mechanistic-empirical model, ForestGALES, was coupled with
ORCHIDESS-CAN. I understand that developing such models is really important to
understand the environmental system and to make strategies for climate change.
However, I think the scientific originality in this article seems weak partly due to the
writing style. At this moment, this article is not well organized. The structure of the
method section need to be improved. The result section is hard to understand and
some paragraphs should be located in Discussion. The results are not well discussed
in Discussion. In addition, comparison between calculated and observed data requires
some statistical analysis in order to show how much reliable what you did. Some
ambiguous expressions were found in Results.

When invited to submit a revised manuscript, we will pay attention to the structure of
the manuscript. Nevertheless, we would like to stress that given the aim of GMD, we
decided to focus this manuscript on presenting how ORCHIDEE was further
developed to accommodate the principles of GALES. The new version of ORCHIDEE
was tested (reported in the results) but given the scope of the journal the effects of
wind damage over the test regions were not discussed in any detail. If we would have
had access to other data, we could have picked any other region in the world to test
the model. In other words, we have no special interest in storm damage Sweden or
France. It just happened that due to our professional network we had access to good
validation data for these regions. Therefore, it was decided to focus the discussion on
the model philosophy and its possible improvements. In the future we would like to
use ORCHIDEE+GALES to simulate the storm damage at a large scale, not just

Southern Sweden and Southwestern France.

When using existed models in research, it is very important to show what the new
ideas and findings are.
We agree with the referee that this aspect is insufficiently developed in the

manuscript. In the revised version of the manuscript we will stress the following



novelties:
Almost the same group of authors developed the model capability to simulate
forest and canopy structure. Although these developments are already
published they are essential for the work presented here.
In this manuscript we suggest a numerically cheap solution to deal with one of
the key aspects of sub-pixel heterogeneity, i.e., recent forest edges.
In this manuscript we went beyond the capabilities of GALES by adding and
parameterizing a damage function.
In this manuscript we suggest a solution to account for aggregated driver data

which are typically used in large scale simulations.
These novelties will be listed in the abstract and the discussion. In the methods

section we will better indicate whether the presented method comes from GALES

or was developed as part of this study.

Responses to the Referee#l : Specific concerns

(1) The section of Methods should be improved. | think the structure and components need to
be modified. For example, first models used in the article are explained including the
parameters and equations. Second, what your original ideas are explained. A figure
(diagram or flowchart) would be helpful to show the process. Third, validation procedures
can be explained including the input data of three regions with references. Also please
explain why you chose the regions and different analysis were conducted for them.

If we correctly understand the reviewer, the suggestion is to merge the information
currently presented in section 2 (models) and 3 (parameters). This can be done. As
mentioned above we will indicate which developments are new and which were taken
from GALES. A flowchart linking all elements presented in the methods could look like
the figure shown below.

We are confused by the suggestion to make a third section that presents the validation
procedures and the available input data for the test cases as we believe that is exactly
what is done in section 4. We revising the manuscript we will look for opportunities to
better structure the information currently contained in sections 2, 3 and 4.
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Fig 1. Information flow of this study showing the link between the different elements
presented in sections 2 and 3 (NOTE: the numbering will be adjusted in the revised
manuscript as section 2 and 3 will be merged). The diagram shows input data in blue
color. The dashed box shows how the critical wind speeds were calculated in GALES.
These critical wind speeds were then compared against critical wind speeds from
ORCHIDEE.

(2) Please explain what ORCHIDESS-CAN can do and how to use the model with
required inputs. Is ORCHIDESS-CAN a grid-based model? Can we change the
grid size (resolution)? Has the structural growth model been included in the model?
How did you exactly integrate ORCHIDESS-CAN and ForestGALES? Did you
make new codes? I think a diagram would be helpful to understand how the

models work and what you actually did in the study.



In section 2 we will add a description of the basic principles of ORCHIDEE. This
description is based on the default description as shown on the web site of the model.
When adding these details to the manuscript, parts of the text will have to be

rewritten to avoid duplication with the current text and to improve the text flow.

“ORCHIDEE is the land surface model of the IPSL (Institute Pierre Simon Laplace)
Earth System Model. Hence, by conception, the ORCHIDEE model can be run coupled
to a global circulation model. In a coupled set-up, the atmospheric conditions affect
the land surface and the land surface, in turn, affects the atmospheric conditions.
However, when a study focuses on changes in the land surface rather than on the
interaction with climate, ORCHIDEE can be run off line as a stand-alone land surface
model. The stand-alone configuration receives the atmospheric conditions such as
temperature, humidity and wind, to mention a few, from the so-called “forcing files”.
Unlike the coupled set-up, which needs to run at the global scale (but with the
possibility of a regional zoom), the stand alone configuration can cover any area

ranging from the global domain to a single grid point.

Given its use as the land surface model of the IPSL, ORCHIDEE simulates the
terrestrial water and the energy balance, biogeochemical processes such as the carbon
cycle, and anthropogenic activities. The biophysical process include latent, sensible,
and kinetic energy exchanges at the surface of soils. Heat dissipation and water fluxes
are vertically distributed in the soil and the runoff is collected in rivers and lakes. The
simulated processes that affect the global carbon cycle include photosynthesis, carbon
allocation, litter decomposition, soil carbon decomposition, and maintenance and
growth respiration and vegetation dynamics. The anthropogenic activities and more
specifically forest management and its effects on the biophysical and biogeochemical
processes were developed in ORCHIDEE-CAN (Bellassen et al 2011 and Naudts et al
2015).

Although ORCHIDEE-CAN does not enforce a spatial or temporal resolution, the
model does use a spatial grid and equidistant time steps. The spatial resolution is an
implicit user setting that is determined by the coarsest resolution of the forcing data
and the boundary conditions, i.e., the vegetation distribution, climatological forcing
data, and the soil map. If higher resolution drivers are available the model can then
be run at that scale. If site-level drivers are available then simulations at the site

scale are feasible.

ORCHIDEE-CAN builds on the concept of meta-classes to describe vegetation



distribution. By default it distinguishes 13 such meta-classes (one for bare soil, eight
for forests, two for grasslands and two for croplands). Each meta-class can be
subdivided in an unlimited number of Plant functional types (PFTs). By default, each
meta-class has a single PFT. When simulations make use of species—specific
parameters and age classes, several PFTs belonging to a single meta-class will be
defined. Biogeochemical and biophysical variables are calculated for each PFT, where
most of the biogeochemical variables are reported at the PFT level, the biophysical
variables are aggregated at the pixel level because the atmospheric model does not

distinguish PFTs and hence its spatial resolution is limited to the pixel scale.

For the water and heat balance of the soil, three soil columns are distinguished: one
containing each meta-class that includes forest, one for every meta-class with grass
and crops and, finally, one for bare soils. Water and heat related soil variables are

calculated separately for each column.

ORCHIDEE-CAN can run on any temporal resolution, however, this apparent
flexibility is rather restricted as the processes are formalized at given time steps:
half-hourly (i.e. photosynthesis and energy budget), daily (i.e. net primary production)
and annual time step (i.e. vegetation dynamics). Hence, meaningful simulations have
a temporal resolution of 15 minutes to one hour for the energy balance, water balance

and photosynthesis calculations.”

Reference:

Bellassen, V., le Maire, G., Guin, O., Dhéte, J., Ciais, P., and Viovy, N.: Modelling
forest management within a global vegetation model — Part 2: Model validation from
a tree to a continental scale, Ecol. Model., 222, 57-75, 2011.

Naudts, K. et al..: A vertically discretised canopy description for ORCHIDEE (SVN
r2290) and the modifications to the energy, water and carbon fluxes, Geosci. Model

Dev., 8,2035-2065, 2015.

(3) 1 suppose that you used some observed data such as satellite photos and forest damage
data. But some of the data sources were not indicated in Methods.

Thanks for pointing out this issue. When preparing the manuscript we indeed overlooked
adding a detail description of the observational data. We will add more information about the

in-situ observations. This information will be added into an extra section 4.5.

(4) In terms of the equations, | do not understand why 9h needs to be doubled in eq. How did



you calculate the average mean tree height and distance between trees? Are they averaged in a
single grid? What data was used to calculate them?

Fig 2 shows the concept of inner and outer area generated by a gap created by human
disturbance in a managed forest. Given the suggestions by both reviewers, the revised
manuscript will already contain 10 figures, therefore, we prefer not to add this figure as it will
be available through this discussion)
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Fig 2. lllustration of inner and outer area generated by gaps within a forest area.

(5) In this article a term, actual wind speed, is quite often found. However, | do not think we
can obtain actual wind speed data except maybe around an anemometer. The wind speeds
used here would be “estimated” wind speeds.

Fair point. Given that also the critical wind speeds are estimated we propose to simply use
“wind speed” and “critical wind speed” throughout the manuscript.
(6) In results, some methods and terms such as spatio-temporal comparison, Beaufort

wind scale, and root-mean-square error are not explained in Methods.

The reference for the Beaufort wind scale classification and the definition of

root-mean-square error will be added into our revised manuscript.

(7) Please try to write the results as simple as possible. Some sentences and
paragraphs seem to be unnecessary or better to move to Discussion. For instance, I do
not think the first sentence on page 12 is important in Results. The second and fourth

paragraphs on page 13 should be located in Discussion.



Although we agree with the referee that part of the material presented in section 5.4
could also be presented in the discussion, we though and still think that it makes a
stronger manuscript if the test cases are not promoted to the topic of the discussion.
Passing the tests is just a minimum requirement. The test themselves are not the
topic of the manuscript. The topic of the manuscript is the model and therefore our

discussion focusses on the model.

We consider the first sentence on page 12 to be important because it justifies why we
believe that a model-model comparison is, in this case, a valid surrogate for a more

traditional model-data comparison.

The changes proposed by the referee as straightforward to implement. Given that the
other referee was not disturbed by which material was presented in the results and
which material was presented in the discussion, we leave it to the editor to make the

final suggestion.

(8) In Figure 1, the mean wind ratios of BWSs 8, 9, 10, and 11 should be explained.
Although a fitting line was created, I am not sure how it is reliable. For example, if
BWS 11 or BMS 9 are outliners, the line will become different. Why are wind speeds
in BWS 10 lower than those in BWSs 8 and 9? To use the fitting line for the following

analysis, it is important to justify how much statistically suitable the line is.

We fully agree with this suggestion. The new figure is shown below.
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Fig 3. Distribution of the mean wind ratio (MWR) in each Beaufort wind scale (BWS)
and the relationship between the six hour CRU-NCEP reanalysis wind speed and
MWR. Fitting of the relationship (red line) used Eq.(11) with regression coefficients
a0 =-5.299, al = 2.051, a2 =-0.191, a3 = 0.006 and RMSE=0.48. This relationship is
used to convert CRU-NCEP six hour mean wind speed to the 30 min maximum wind

speed in this study.

(9) In terms of Figure 2, are there comparisons between the critical wind speeds
calculated by ForestGALES only and those by ORCHIDESS-CAN + ForestGAELS? If
so, are the differences only from input data to the models? In addition, to compare the
speeds between stem breakage and uprooting, it is important to conduct some
statistical analysis in order to show how statistically different or similar between the
two outputs are. Which graphs are for the forest edges?

The issue was also pointed out by the referee#1. We will replace the original figure by

the new figure3 as shown as below:
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Fig 4. The ORCHIDEE-CAN calculated lowest critical wind speeds for overturning or
stem breakage for forest located near to (inner) and away (outer) from a forest edge.
When making the display, the critical wind speeds from the three diameter classes
and four age groups from Picea species were compared. Note that this lowest value is
used and compared with the daily maximum wind speed for estimating the damage
due to storms. Lowest critical wind speeds in the forest away from a forest edge (outer)
(A), lowest critical wind speeds in the forest near to a forest edge (inner) (B), lowest
critical wind speeds overlaid with the difference between maximum daily wind speed
and lowest critical wind speed in outer area on 9th January, 2005 (C), lowest critical
wind speeds overlaid with the difference between maximum daily wind speed and
lowest critical wind speed in the outer area (D). The contours show the positive wind
speed difference in black and the negative wind speed difference in red. Forests

within the red contours are expected to suffer from storm damage.

This figure shows the modelled critical wind speeds (CWSs) for inner and outer forest
areas and compared these CWSs with daily maximum wind speed. We then used the
contour lines to show the spatial distribution of the difference between CWSs and

daily maximum wind speed

(10) In Figure 3, I think the lowest critical wind speeds are more important to



consider wind damage rather than the averaged critical wind speeds. Also, are these
results for the current forest conditions?

We will replace the current Figure 3 by a new Figure (see above) which only shows the
lowest critical wind speed for inner and outer area. This information is then overlaid
with the difference between the lowest critical wind speed and the maximum daily
wind speed. These results are for the forest condition on 9th January, 2005. Note that
the model only uses the lowest critical wind speed (and not the average) to calculate
storm damage. As suggested by the referee, the figure was inconsistent with the

model code and model approach.

(11) In terms of the results from Les Landes, I do not understand why these indicators
were chosen to represent the results although they seem to be interesting. It is
important to clearly address in Methods what kind of analysis would be conducted in
advance. Why 20 values were used in (A) and (B) in Figure 8? Where these values
came from?

We complied the remote sensing data used from the study by Planque et al. (2017) the
selected points are shown in pink arrows and the ORCHIDEE simulation grids are
overlaid in black lines. We then ran the model for ten years from 2001 to 2010 and
extracted the ORCHIDEE outputs from two selected pixels in white box, one near the
eastern part of Les Landes forest and another near the middle of Les Landes forest.
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Fig 5. Illustration of selected points in the les lands forest.



Although, the temporal and spatial resolution from remote sensing and model
simulation are different, we merged these two datasets into ten year summer-time
slots in two locations. This is the reason for having 20 points in the scatter plot of
comparing the remote sensing observation and model simulation. We will add this

part of description into the section 4.5.

Reference:

Planque, C., Carrer, D., and Roujean, J.-L.: Analysis of MODIS albedo changes over
steady woody covers in France during the period of 2001-2013, Remote Sens.
Environ., 191, 13-29, do1:10.1016/;.rse.2016.12.019, 2017.

The variables chosen are key variables for the biophysical processes which determine

the climate effect of surface property changes following storm damage.

(12) Please discuss your results in Discussion. Some of the discussions are found in
Methods, so it is better to move the parts to the Discussion section. | am not sure whether the
first paragraphs are necessary especially at the beginning of Discussion. For example, gusts
are not directly analyzed in this research. Is 6.3 Salvage logging really important for your
research, although there are no indications in the results? | think in the first parts of
Discussion, using the same order of Results would help readers to easily understand your
discussions.

Thank you for this comment. We agree that the section on salvage logging should be moved
to the methods. Note that the simulations will benefit by the implementation of salvage
logging because the presence/absence of salvage logging decouples/couples storm damage to
insects outbreaks. Damaged woods due to storms are often left on site in unmanaged forests,
however salvage logging is often applied in managed forest in order to recover some of the
economic losses and to avoid large scale insects outbreaks triggered by wind disturbance. We
will add this information to this paragraph and move the paragraph to the methods.

The referee is correct in stating that gusts are not directly analyzed in this study but we find it
justify to bring up the difficulties in calculating gusts in the discussion. Estimating gustiness
is a key challenge in wind damage studies and our solutions to this issues are far from final.
We feel this information should not be limited to the method section. This is also a
straightforward comment to address. Given the disagreement between the referees and our
own position on this issues, we leave it to the editor to make the final suggestion.



