General comment to the reviewer: We greatly appreciate the constructive and thorough comments of
this reviewer. We believe that these comments have led to improvements of our manuscript. We first
repeat the comments of this reviewer before we detail our responses. The original comments of the
reviewer are highlighted in red and our responses are in black. When text is copied directly from the
revised paper the words are italicized.

Comment 1: The study uses two temperature functions to represent uncertainty of the temperature
response of these parameters. TRF1 includes thermal acclimation of photosynthesis while TRF2 does not.
There is a potential problem with using TRF2 as currently parameterized, as the optimum temperatures
for Vemax and Jmax do not vary in space on these simulations but we know they do in reality, therefore
the assumption is that all C3 plants in the world are represented with the same temperature optimum for
Vcemax and Jmax. How representative and valid are these values for cold adapted plants? Possibly, this
has implications for some of the conclusions of the paper when taking

the difference between simulations with and without acclimation under both future and present day
conditions. You could still have a simulation without thermal acclimation of photosynthesis, that accounts
for special variability of Topt of Vemax and Jmax (Kattge and Knorr, 2007, show the data, Medlyn et al
2002 as well). I think the authors ought to check /demonstrate whether this assumption (having a constant
temperature optimum of Vcemax and Jmax on their non-acclimated temperature function) for has
implications for their main conclusions.

RESPONSE: We appreciate this comment of the reviewer. He/she is correct in pointing out that
TRF2 may not capture adequately “reality” by not accounting for thermal acclimation. That is
one of the reasons why our model includes TRF1, which did account for thermal acclimations. In
this work, we incorporated TRF2 because some Earth System Models do still not account for
temperature acclimation. Hence, in our paper we list the corresponding values of the parameters
of LUNA model for such type of Earth system models.

Furthermore, we feel that the comparison of TRF1 and TRF2 will help us analyze and quantify
the impact of non-acclimation on our modeling results. Our results demonstrate that the two
functions (TRF1 and TRF2) give similar results in almost all cases. Consequently, the main
conclusion of our paper still holds, yet, some differences are observed in the values of V¢ max2s
and the photosynthetic rate response to temperature. To better demonstrate how TRF2 impacts
our results, we have modified the discussion section of our manuscript as follows (bold sentences
highlight specifically the deficiency of TRF2).
Section 4.2 paragraph 1:

“Our model predicts that higher temperatures generally lead to lower values of Vi max2s and
Imax2s (Fig. 3a, c). As temperature increases, the nitrogen use efficiencies of Ve max and Jyay also
increase and thus plants need a lower amount of nitrogen allocated for carboxylation and

electron transport. This is true for all the sites except for Va5 in the hotter regions when

TRF?2 was used (Fig. S9a). The reason is because LUNA model will use a higher increase in



night-time temperature (e.g., 22 to 30°C) than daytime temperature (e.g., from 31 to 33°C) ,
because the daytime temperature is constrained by the maximum temperature for optimization in
TRF2 (i.e., 33°C). To maximize the net photosynthetic carbon gain, the model predicts a higher
proportion of nitrogen allocated to carboxylation to compensate for a higher nighttime
respiration rate. Therefore, the LUNA model predicts a higher value of V. max2s. Yet, this may
result from the deficiency of TRF2 by not considering thermal acclimation under future

global warming (Lombardozzi et al., 2015).”

Section 4.2 paragraph 2:

“ If we do not account for the potential acclimation of Ve max2s and Ve max2s under future climate
conditions as predicted by the LUNA model, our analysis indicates that ESM predictions of
future global photosynthesis at the uppermost leaf layer will likely be overestimated by as much
as 10-16% if Ve max2s and Jyax2s are held fixed (Fig. 7). The higher overestimation for TRF2
(16.3%) than TRF1 (10.1%) could result from the fact that TFR2 does not account for future
thermal acclimation and thus the LUNA model predicts a large nitrogen allocation
acclimation for future climate change. In both cases, our results suggest that, to reliably
predict global plant responses to future climate change, ESMs should incorporate models that
use environmental control on V. maxos and Jmax2s. 1t has been recently suggested that nitrogen-
related factors are not well represented in ESMs (Houlton et al., 2015, Wieder et al., 2015). Our
nitrogen partitioning scheme would help alleviate biases into the predictions of future
photosynthetic rates, and also climate processes that are dependent on these predictions (Bonan
etal, 2011; Knorr and Kattge, 2005; Rogers, 2014).

Comment 2: There are other studies trying to do the same as this paper is doing, but based on empirical
relationships (Verheijen et al 2013, Biogeosciences), between environmental drivers and Vcemax and
Jmax at 25C, deriving relationships for each pft. The authors should acknowledge this type of work,
which has also been used to extrapolate under future conditions (Verheijen et al 2015, GCB).

RESPONSE: We appreciate this comment of the reviewer. We have revised the paper to read on
as follows:

“...There are many different ways to incorporate environmental controls on Ve max2s and Jyay2s.
One simple approach is to use empirical statistical models between environmental variables and
Vemaxzs and Jmax2s (e.g. Ali et al., 2015, Verheijen et al., 2013), which has been shown to improve
the model simulations (Verheijen et al., 2015). One key limitation of such models is that they may
have risk of inaccurate extrapolation under novel future climate conditions. The optimization
model such as LUNA could be more reliable in their predictions under novel future climate



conditions as they account for the key assumptions that could be robust under different
environmental conditions.”

Comment 3: Missed paper on your references, Maire et al 2015, Global Ecol. Biogeog. See comments on
soil ph, worth to include this on your limitations. The discussion on model limitations could also include
the fact that there is inherent intraspecific variation of photosynthetic capacity (See Moran et al. 2015,
GCB).

RESPONSE: We have now incorporated the above references in the model limitation section of
our revised paper. For instance, the first two paragraphs in section 4.1 as follows (bolded
sentences):

“...These results suggest that our model is able to capture many of the key components of the
drivers for V. max2s and Jyax25 across the globe both in space as well as in time. The remaining
portion of uncertainty that cannot be explained by our LUNA model could be related to
variability within the 125 species considered in this study. There are inherent intraspecific
variations in leaf traits (Valladares et al., 2000) and in photosynthetic capacity (Moran et al.,
2015). Data availability limited the number of species that can be considered and favored a
universal LUNA model as separate species normally did not cover a sufficiently large range of
environmental conditions. Yet, we should be able to fit our model to specific PFTs when
additional data become available with a large enough coverage of environmental conditions. We
expect that such a model would be able to describe and capture adequately a larger portion of the
variability observed in V. ux25 and Jyuxos.

Unexplored nutrient limitations and other plant physiological properties could also play a
factor in the limitation of our model. For example, the nitrogen use efficiency of tropical plants
(typically modest to low nitrogen) can be diminished by low phosphorus (Cernusak et al., 2010;
Reich and Oleksyn, 2004), suggesting that our model could be improved by considering multiple
nutrient limitations (Goll et al., 2012; Walker et al., 2014; Wang et al., 2010). Our treatment of
photosynthetic capacity could also be improved by incorporating species-specific mesophyll and
stomatal conductance (Medlyn et al., 2011), by analyzing leaf properties such as leaf life span
(Wright et al., 2004), or by considering soil nutrient, soil water availability, and soil pH
(Maire et al., 2015).

Comment 4: There are a lot more papers out using optimization now, perhaps you should cite them too.

RESPONSE: We agree with the reviewer and have modified the text in the revised paper to
discuss this at end of section 4.2 as follows:

“...By far, the optimality approaches have been used to predict many different plant structures
and functions under different environmental conditions such as carbon allocations (Franklin et
al., 2012), leaf C:N (Thomas and Williams, 2014), root distribution (McMurtrie et al., 2012),
and stomata conductance (Cowan and Farquhar, 1977). For the photosynthetic capacity
optimization, Haxeltine and Prentice (1996) has used an optimization approach to predict
Vemax2s based on the trade-off between photosynthesis and respiration, which has been
incorporated into land surface models including LPJ-GUESS (Smith et al., 2001) and LPJmL
(Sitch et al., 2003). Both LUNA model and the model of Haxeltine and Prentice (1996)
considered the V. .25 component and respiration, however, LUNA model is currently only



designed for the leaf level while model of Haxeltine and Prentice (1996) is applicable for both
the leaf and canopy level. The key improvements of LUNA model include the explicit
considerations of other important processes such as light capture and electron transport and 2)
the evaluations against global datasets under different environmental conditions”.

Comment 5: Page 6221, line 15, replace ‘need’ with ‘needs’
RESPONSE: We have replaced “need” with “needs” now.

Comment 6: Page 6222, lines 21-22 replace ‘Optimal approaches are an important tool of land surface
models’, with Optimal approaches are an important tool for land surface models. Page 6224, lines 7-8 &
14 no need to repeat references on line 8 when already given in line 7 Page 6224, define MCMC.

RESPONSE: On page 6222, lines 21-22, we have replaced “Optimal approaches are an
important tool of land surface models” with “Optimality approaches are important tools for land
surface models”. We have eliminated the references in lines 8 and 14 on page 6224. Also, we
now spell out MCMC as Markov Chain Monte Carlo in the revised paper.

Comment 7: Although you do not specify pfts on your model, it would be good to give an idea to the
reader (most probably a modeler) of the geographical distribution of your data set (used to calibrate your

model) in terms of plant functional types.

RESPONSE: We have now incorporated a map of data distribution in the supplementary file and
it is now referenced in the data section as follows:

“....The data include evergreen and deciduous species from arctic, boreal, temperate and
tropical areas measured different times of the season and different canopy locations (Fig. S2).”

See the figure below:

Fig . S2 The spatial distribution map of data used for parameter estimation in LUNA model




Comment 8: Parameter estimation and evaluation is done with same data set. Please comment on
implications of this. I wonder if you could fit the model with a portion of the data, then use your LUNA to
predict Vemax and Jmax and then evaluate the goodness of the model.

Response: We agree with the reviewer that it is a good idea to use a subset of data for parameter
estimation and another subset of data for evaluation of the goodness of fit of the model. In this
study, our focus was to develop a mechanistic model of photosynthetic capacity for the globe and
so we did not use subsets of data for parameter estimation and model evaluation in view that we
have a limited number of data points across the globe. It would be challenge to randomly select a
large subset of data for model evaluation. For the case of small subset, we expect that it should
not be much different from the model fitting we currently have as it will be mainly based on a
large portion of the data. In a new project, we are collecting independent data from the tropics
and it would be great independent test against LUNA model. We hope to publish the new paper
Soon.

Comment 9: Section 2.6 is model sensitivity analysis. Then on p 6227 another sensitivity is mentioned,
is this the same?, why to have it twice, confusing and repetitive

RESPONSE: Thank you very much for pointing this out. The section 2.6 sensitivity analysis is
for the fitted model using fitted parameter and mean environmental conditions from the data. It is
only for one specific environmental condition under current climate condition. The sensitivity
analysis on p6227 is for the whole globe to assess which variable change in the future are
responsible for the change in V. .y and J,,4y and the environmental condition change could be
different for different locations across the globe. To clarify this, we have improved the statement
on p6227 as follows:

“....In order to identify the importance of changes in different climate variables (temperature,
CO,, radiation and relative humidity) to modeled changes in V. max25s and Jpax2s in the future, we
conducted a third sensitivity analysis to investigate the impact of changes in climate variables on
model results. In contrast to the previous two sensitivity analyses that based on the mean current
climate conditions, the purpose of the third sensitivity analysis was to explore the global pattern
in sensitivity of Ve max2s and Jnax2s to changes in climate variables across different biomes of the
globe in the future”.

Comment 10: Fig 4 & 5, very poor color scale as it does not show much of the variation on key
ecosystems.

RESPONSE: We have now improved the color scale of Figures 4 as follows:

Figure 4 Summer season photosynthetic capacity for the top leaf layer in the canopy (Ve max2s;
umol COm? s (a), Jparzs; umol electronm™ s™ (¢)) under historical climatic conditions and the
difference in either V. 425 (b) or Jyar2s5 (d) due to changed climatic conditions. Difference in the
photosynthetic capacity was calculated as that under future climate minus that under historical
climate. Ten-year monthly averages of climatic conditions for the past (1995 — 2004) and the
future (2090-2099) were used to drive the model. The model was run by using TRF1, which was



a temperature response function that considered the potential for acclimation to growth
temperature.
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Following Fig. 4, we also changed the color legends in Fig S6 (or Fig. S8 in revised manuscript)
correspondingly.

For Fig. 5, because we want to have on common legend for all panels in order to compare the sensitivities
of different climate variables, it would be challenging to make each panel show the range of major
ecosystems if their changes are small. Therefore, we keep it as it is.

Comment 10: Fig 5, is this the + or the minus 15% sensitivity?, not clear in the Fig caption

RESPONSE: No, it is not based on 15% change. The sensitivity analysis is conducted by
changing the environmental variable using 10-year monthly averages of climatic conditions for
the past (1995-2004) versus the future (2090-2099). For clarification, we have modified the
captions of Fig. 5 and 6 as follows:

“...The sensitivity analysis is conducted by changing the value of individual environmental
variable using 10-year monthly averages of climatic conditions for the past (1995-2004) versus
the future (2090-2099) for each individual grid across the globe.”

Comment 11: P 6229., Lines 25-26 replace ‘.It also well captured ..” with It also captured well



RESPONSE: We have changed the statement to “it also captured well”
Comment 12: P 6232, L10, you mean high growing season temperatures?, add word ‘season’

RESPONSE: We have improved to statement to reflect “high growing season temperatures”
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