Re-Review of JULES-CN: a coupled terrestrial Carbon-Nitrogen Scheme (JULES vn5.1) by Wilshire
et al.

This is my second review of this manuscript. This manuscript is in much better form than it was
before. It is easier to read, easier to follow, and the additional plots and figures that are
included provide a much more coherent story than before. | am sure that the authors
themselves would have found this exercise useful. | appreciate the effort put by the authors in
revising their manuscript.

| went through the manuscript again in its entirety. However, | am sorry that there are still
some issues that | feel need to be addressed. One of these issues appears serious and makes
me wonder if the implementation of the model itself is correct. | have concerns with some
equations as well. As last time, | am summarizing my major comments here but | am also
attaching a scanned copy of an annotated version of your manuscript that you may refer to for
several other comments. | have tried to keep my handwriting clean.

Major comments

1. How does N demand vs uptake works?

| am still confused about how nitrogen limitation works including through the use of the term
Fn in equation 39. On line 322, page 11, it reads

N demand for growth. If the N demand is less than that available ($g; < (1-A;) Nayair,s) growth

is unlimited and the fluxes updated accordingly. Where N is limiting, growth N uptake is set equal

i
but | am confused about the role of Navail. In the above sentence note that " has to be a flux

not a pool/reservoir/store. This is the N uptake rate in equation 14. Below equation 14, you
have its units written as if it were a pool. This is not correct. Note the dt term in denominator

g,i

on left hand side of equation 14."
be a pool as indicated below.

cannot have units of a pool. In contrast, Navail appears to



In JULES-CN, on a PFT basis, the N available for plant uptake (Nqyqi,:) is the inorganic soil N
pool (N;,,) split equitably between the PFTs assuming there is no differential ability between PFTs
330 to acquire N. The available N in JULES-CN;,, ., is more complicated taking into account the soil

profile and is discussed in Section 3.3.2.

How can a flux be compared to a pool? Every time step as the model photosynthesizes and the
C flux comes in from the atmosphere a corresponding N flux is required from soil. This is the
nitrogen demand. In my mind, and | think in reality, whether this N demand is met or not
depends on the rate of nitrogen uptake which in turn depends on transpiration (for the passive
N uptake) and the ability of fine roots to uptake additional N if passive uptake is not sufficient
(active N uptake). The pool size of inorganic N is a big number. It is almost always bigger than
the demand at any given time step. The fact that the inorganic N pool size is bigger than the
flux does not imply that all that N is available to be taken up to meet the instantaneous
demand. In my mind, this logic cannot be used to determine if N is limiting or not. Unless, there
is something the manuscript does not convey and | am misinterpreting the whole thing.

Similarly in equation 40, Nin is the inorganic N pool size while all the other terms are fluxes. It
does not make any sense to me how the fluxes and pool terms can be mixed together. It makes
wonder if the model itself is implemented correctly or not.

2. Errors in equations

a. | have already mentioned that units in equation (14) are inconsistent.

b. Please see below your equation 50 that finds fraction of litter in each soil layer z.
fl-zt(-?') =

exp(—7it2)

fg"‘ “exp(—Tpz)dz

Shouldn’t this be written something like
[ exp(=t2)dz
Zn

S exp(—Tyez)dz

fl?t =

In equation (50) and elsewhere authors have used z both as layer index and a
continuous variable on which integration is performed. This is very confusing. See my
example above where, in my mind, it makes more sense to use n as a layer index and z
as the continuous variable (soil depth from top in this case). z, in my attempt thus
represents the depth to the top of the n™" layer.



c. Inequation (55)

dNi,(z) . ‘
dt( ) Nyop+ D _UiBNFifri(=) = ) viifri(2) + Mucr(2) = Nytua(2) = Nyass (2)

T

(35)

Naep should only be applicable to the first layer. Correct? If yes, this equation needs to
be written slightly differently to reflect this. Note that z is used here as layer index.
































































































