Re-review of bg-2019-513
Nitrogen Cycling in CMIP6 Land Surface Models: Progress and Limitations

| thank the authors for making their manuscript easier to follow. The manuscript is in much better form
but | am afraid there are still some errors and seemingly incorrect misinterpretations of the data that
need to be addressed before it can be accepted for publication. These are mostly minor. | also have
several suggestions (some of which are personal choices on how a sentence may be phrased) that | have
marked on the manuscript itself whose scanned version is attached.

Major comments

1. Please report the key numbers in the abstract including that the average +CO2 response of the
models is X% compared to observations (Y%), and similarly for +N response.

2. One key analysis that is missing seems to be the comparison of late 20'" century sink. It should be
pretty straightforward to compare the time series of net atmosphere-land CO2 flux from the five
models with estimates from the latest Global Carbon Project (GCP) numbers for the decades of 1960s,
70s, 80s, 90s, and 2000s (https://essd.copernicus.org/articles/11/1783/2019/, their table 5). The range
and average sink over the period 1960-2010, from the model, can also be reported in the abstract (since
this is also a key number) and compared with the GCP’s estimate.

3. Right now a large fraction of the Conclusions section seems like part of the Discussion since it
discusses the performance of the individual models just like in the Discussion section. | think, it would be
helpful if the Conclusion section is more generalized.

4. 0On page 9, lines 279-289. These lines discuss Figure 7a (+CO2 response) but the text (line 279) says
they discuss Figure 7b (the +N response).

5. Page 10, lines 300-303 read “Since the BNF in JULES is directly related to NPP, so the reduction in
NUE indicates excess N in the system from mineralisation, possibly related to soil warming, in boreal
regions with +C0O2, leading to decreased N uptake.” This sentence attempts to explain the decrease in
NUE of the JULES model for the +CO2 scenario in Figure 7c. This appears to be an incorrect explanation
since, | am wondering, how can the soils warm in this offline experiment which is driven with specified
meteorological data, compared to the Control run. It seems there has to be some other explanation.

Minor comments
6. The colour scheme for the five models can be better. | find it hard to differentiate between CLM 4.5
and CLM5, and CLM5 and JSBACH. Also, the yellow colour LPJ-GUESS is not readable at all on the grey

boxes in Figure 1.

7. Figure 2 in Sl. Do the results show model minus observations, or observations minus model?



8. In context of comparing observations to model results, the manuscript doesn’t explain what does
“upscaling” of observations means and how it is done.

9. The phrase “dynamic vegetation” (e.g. on line 343), | think, is meant to imply competition between
different plant functional (or vegetation) types. If yes, say this explicitly since prognostic LAI, for
example, is also an example of vegetation dynamics.

10. Page 4, lines 118-120 read “the net ecosystem balance of N, which determines the change in the N
capital available for plant growth and soil organic matter decay”. This sentence doesn’t read properly
and, | think, is incorrect in saying that N balance is the “N capital available for plant growth”. Clearly, we
know that net N balance is given by

AN = Ndep + BNF + Niyss = ANveg + ANsoit+iitter T+ ANnﬂu'neral_pools

so not all of the N balance is the “capital available for plant growth”.

11. Equation (1) in the manuscript, and the analysis in the paper, discusses the inputs (Ng.,, BNF) and
outputs (Nj,ss) but not the changes in pool sizes (ANyeg, ANgo i1 1itter ANmineral_poots)- This would have
been helpful in investigating how the N balance is split across the organic and inorganic pools in
different models but the paper is okay without these too.

12. Page 11, lines 342 and 343 read “direct control of NPP by N availability, whereas photosynthetic C
uptake (GPP) is not directly affected by N” in context of JULES and JSBACH showing little productivity
response to increased N availability. Since NPP = GPP — Ra, | am struggling to figure, how can NPP be
controlled by N availability but not GPP. The only way this can happen is Ra is controlled by N (through
N content of vegetation components) in which case can this be made more clear.


















































