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The idea of presenting symmetrical equations of motion with dependent dynamical 
variables (more velocity fields than spatial dimensions) is an interesting one 
insofar as it permits to avoid singularities of the coordinate system. 
 
After reading this manuscript, I was however left with mixed feelings about the 
approach.  It does not seem that the authors found strikingly interesting or 
advantageous behaviours associated with their approach. In particular, I would 
have liked to see explained specific features of the numerical solutions that are 
especially attractive and specific to their approach. Getting rid of singularities may 
be achieved in different ways.  What is particularly attractive in the authors’ 
approach? 
Relating to non-icosahedral grids Page 2, Lines 12-13: “A problem with the above 
mentioned grids is that the treatment and behavior at grid edges differs 
significantly from that away from the edges.  Choices that must be made in the 
pursuit of consistency, have the potential for inducing edge errors. This will not be 
the case for the approach presented here.” 
And Lines 16-17: “Although irregularities are distributed all over the sphere, the 
hope is that icosahedral grid errors are less concentrated than edge errors of other 
grids and also less severe.”  
Perhaps what is most attractive is the simplicity of the dynamical subroutines.  
This point is now made explicitly in the penultimate paragraph of the Conclusions: 
“Except for the stability requirement of mass fluxes entering momentum cells 
(Section 3c and Fig. 3), the computational subroutines of IB are extremely simple.  
There are not separate lines of code for angular momentum; all components use the 
same lines.” 
The code is published on zenodo.  Manuscript changed. 
 
I appreciated the thoroughness of the mathematical description that the authors 
presented (there is one exception, see below). I am confident the mathematical 
description presented will allow other scientists to reproduce their approach. 
 



I believe the manuscript would benefit from adding a sub-section on the 
particularities of the numerical solutions obtained from the symmetrical approach 
compared to other means of mapping the sphere without singularities (but with 
discontinuities of the coordinates).  In other words, the authors should help the 
reader understand why it may be beneficial to learn the symmetrical approach. 
Does the increased mathematical complexity worth the effort? 
We are not in possession of shallow-water models other than those used in the 
comparisons with other models that have been published for Williamson Test Case 
2; and other models can compare with symmetric models that will be published in 
the present manuscript. 
In addition to their reduction of edge errors, a benefit of symmetric equations on an 
icosahedral grid is the significant reduction of mathematical complexity.  In lat-lon 
codes, eastward and northward velocity components have very different 
formulas.  In symmetric equation codes, a line of code using angular momentum is 
used for all three components.  The geometry subroutine is complicated, but the 
dynamical subroutines are simple for model IB.  Manuscript changed as indicated 
on the first page of this “Response Letter”. 
 
My recommendation is therefore: acceptable with minor revisions. 
 
I also provide this list of minor comments: 
 
p.2 l.1: At this point, please define what is precisely meant by symmetric formulas 
and isodirectional flow; 
If one looks at any component of velocity or angular momentum in most formulas, 
there are symmetric terms for the other two components as well.  [No change to 
manuscript on this point.] 
The phrase “which means the flow is not isodirectional” is removed from 
manuscript. 
 
p.2, l.5-10: Another possibility, keeping the lat-lon paradigm, is to use the Yin-
Yang grid (see Qaddouri et al.). This is operational in Canada and this approach 
should be mentioned here as well as the other approaches; 
The Yin-Yang grid is now discussed in the second sentence of the third paragraph 
of the Introduction and is cited in the References.  Manuscript modified. 
 
p.2, l.9: How are the eight corners of the cubed-sphere singularities? At these 
points, the determinant of the metric tensors corresponding to each connected 
domain do not vanish. 



“eight corner singularities” is replaced with “eight ill-behaved corners” in the 
manuscript. 
 
p.2, l.25: Isn’t the symmetry broken when rotation is introduced? Are the three 
Cartesian coordinates inertial? 
Even the Coriolis subroutine uses the same line of code for all three components.  
[No change to manuscript.] 
The Cartesian coordinates relate to the fixed Earth which is now stated in the last 
sentence of the Introduction.  Manuscript modified. 
 
General comments on the introduction: The Introduction should perhaps be shorter 
and more focused. It is somewhat dry. 
The Introduction is not any shorter, but the main former body of the paragraph 
starting “The approach here ..” on Page 2, Line 26 has been moved to the 
beginning of Section 2.  Manuscript modified. 
 
p.4, l.26-27: "Three horizontal velocity components ... rotate around each 
respective axis." Please rephrase. It is unclear how a velocity component can rotate 
around an axis. 
As stated at several locations including the Abstract, one of the three components 
is eastward velocity that rotates around the north-south axis.  Understanding this 
helps to comprehend the other two components that rotate around the equatorial 
axes.  [No change to manuscript.] 
 
p.5, l.8: Eq. 2.5 should be better justified. 
The more easily understood formula for A in Eq. 2.5 is now mentioned first.  The 
more complicated formula for S in Eq. 2.6 is simply computed as AxP.  Paragraphs 
2 and 3 of Section 2.1 are appropriately modified in the manuscript. 
 
p.25, l.32: Change "years" for "days". 
Manuscript modified. 
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