Review of “Accelerating the spin-up of the coupled carbon and nitrogen cycle model in CLM4” for

Geoscientific Model Development (GMD).

General Comments
The manuscript reviews challenges for spinning up global biogeochemical models, such as

those coupled into Earth System Models (ESMs), in particular the Community Land Model 4 with
Carbon-Nitrogen (CLM4CN). These models are typically initialized arbitrarily and then run to
equilibrium as a surrogate for pre-industrial conditions. Because the equilibrium is dynamic (with
repeated cycles of some representation of historical atmospheric forcing) and because of the nonlinear
nature of the governing equations (in particular, the coupling between the carbon and nitrogen cycles in
CLMA4CN), an analytical solution to the spinup is difficult to achieve, and spinup simulations can be
expensive, comprising the majority of the time required for generating results for a climate scenario
with a particular model configuration. CLM4CN spinup has been addressed in previous manuscripts,
as noted by the authors, but current methods leave room for improvement.

The authors investigate a Gradient Projection method for accelerating the spinup by
extrapolating the change in slowly changing state variables over the course of one or more cycles of
atmospheric forcing. They find that this approach can be used successfully to enhance the
computational efficiency of spinup compared to previous approaches, especially when a strict criterion
for “equilibrium” is used. As found by previous authors cited in the manuscript (e.g., Koven et al.
2013), the method works well, as CLM4 involves the coupling of processes ranging in timescale by
many orders of magnitude: i.e., 30-min biogeophysical processes vs. accumulation of soil carbon pools
with turnover times of hundreds of years. The authors also identify the non-convergence of CLM4CN
under some conditions due to both representation of oscillatory physical processes (such as fire) and
spurious numerical oscillation (due to the discretization and solution of the equations for soil moisture
diffusion and interaction with groundwater). The authors are able to eliminate these oscillations when
turning off the fire model or replacing the subsurface hydrology with a variably-saturated flow model
with apparently better numerical properties.

As the manuscript addresses a challenge to climate modelers and presents clear and useful
methods and results, I recommend it for publication in GMD. I would only recommend minor
revisions in presentation to enhance readability and make the context clear to readers. The manuscript
is currently well within the typical length of a GMD article, and some expanded explanation in some

sections would improve the manuscript. Suggestions for doing so along with minor points of



clarification are detailed below.
Specific Comments
Introduction

1. Equations 1 & 2: as I understand it, I think these equations are missing factors for the fraction
of carbon not respired to the atmosphere as they are transferred from faster to slower pools.
Presumably this omission is only a problem for the presentation of these equations, as the actual
numerical rate of change of carbon pools calculated from the model was apparently used later.

2. The last paragraph of the introduction moves abruptly from the current problems with spinup to
a brief mention of the new approach. I would here include some additional introduction about
numerical methods for improving spinup, in particular the “Gradient Projection” approach used
here: what problems is it applicable to, and are there similar applications in which it has been
successfully applied previously?

Methods

3. p.9113,1. 12: Expand “(carbon and nitrogen)” to include the bigeochemical processes, as
provided for the list of biogeophysical processes. Some of this is included in the following text,
but at least expand to “carbon and nitrogen cycling in vegetation and soils”.

4. p.9114,1. 9-10: Please explain or cite the stability requirement noted. How was j, chosen?
5. p. 9116, 1. 14-15: Please explain why mass conservation error occurs.

6. Please add a sentence or two explaining and/or providing additional references for “using the
integral finite difference approach and discretized temporally using first-order backward Euler
differencing,” for improved readability. (“Backward Euler differencing” is equivalent to an
implicit-timestepping solution, right?) Please also mention or cite the theory for why this
method is numerically stable and avoids the oscillations associated with the current CLM4
hydrology.

Results

7. p. 9117, 1. 8: Do the authors have any explanation for why the results are wetter and cooler with
the ostensibly improved numerical scheme?

8. p.9117,1. 15: Please clarify that “the model” here means the Gradient Projection.

Conclusions

9. p. 9118, 1. 3: The authors claim the results are “more accurate” with the new hydrology
submodel, but this phrasing implies some improved comparison to observations. It seems the
authors wish to argue that the better theoretical grounding or numerical properties of this model
make it superior, and that the oscillations noted in the existing hydrology are not a correct
behavior given the governing equations. If this is the case, this argument should be made in the
Results or a Discussion section and referenced in the Conclusions.



10. p. 9118, 1. 4: Likewise, in noting that “more C [is] predicted,” the tone implies that this is an
advantage, but they do not reference observations to show that it is more realistic. In fact,
CLMA4CN does have too low soil carbon, but other factors besides the hydrology may also
contribute to this bias, such as nominal turnover times shorter than observed (i.e., Koven et al
2013). Please rephrase so that it is clear that the prediction of more carbon is not suggested to
be an advantage but merely a result, as there may be compensating errors in the model
formulation.

11. The authors may have an opportunity here to comment in a Discussion section on the context of
their procedure and future work. Is an equilibrium spinup approach appropriate? What
properties should this model satisfy ideally for such a procedure to be used (e.g., convergence to
a unique solution independent of starting conditions or acceleration procedure)? Are there other
methods that could be applied to improve spinup further that might require more significant
modification of the model structure?



