
Dear Editor,

Please find the revised version of the manuscript. We have revised the manuscript and have
carefully considered all the comments and suggestions by the referee. We provide point-by-
point responses to all comments. In addition, we have also checked the manuscript for typos
and reworded the text where necessary.

In the revised manuscript the addition of new texts are highlighted in blue underlined font
and texts removed are highlighted in red font.

Our replies to the comments are highlighted in bold. We are looking forward to your decision,

Best regard,
Dushyant Kumar and co-authors

Responses to Editor’s comment

Associate Editor Decision: Reconsider after major revisions (03 Sep 2020) by Eyal Rotenberg
Comments to the Author: August 2020.

I would like to thanks the authors for the detailed response to the reviewers’ comments.
Outcome of the reviewers’ recommendations leads to deiced for a major revision. When
preparing your response please consider also the following points:

1. Please note that while addressing those comments you need to specifically answer them;
the answer that it is included in the aDGVM2 model algorithm (e.g., page 4, the few first
sentences is not enough.

Reply: We have addressed the comments by providing a more detailed description
of aDGVM2 and particularly of the algorithms used to calculate ecophysiological
rates. Please see the response to the reviewer for more detail.

2. Projected temperature change for the whole region provided in the manuscript, is within
the range of 1 – 6 degrees. However, the forecast of precipitation changes is not given,
although it is important information to assess the projected climatic changes in the region.
If possible please provide figures with maps of current air temperature and precipitation and
their projected changes for the whole region, as well as their differences, as in the panels of
figure 1.

Reply: In the revised version, we provide maps showing the current and pro-
jected changes until the 2050s and the 2090s of all climate variables derived from
GCM (GFDL-ESM2M) used in the presented simulations. This includes maps
for temperature and precipitation. See Fig. S2 in the supplementary materials.

3. Figure 6 presents annual ET values ranged between 300 to 440 mm/a (0.8-1.2 mm/d), for
the given MAP range. Given the region high precipitation range (800 to 1600 mm/a in that
figure), those ET values seems very low and are not match the values of Figure 1. Please
explain this discrepancy.

Reply: The ET values presented in figure 1 represent the absolute value for
specific grid cells, whereas the values used in Figure 6 are the spatial averages
of daily ET per unit area over the entire study region (i.e., entire South Asia).
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These averages are compared with the spatial average of MAP over the region.
This is the reason why the value of ET seems lower than corresponding MAP.
We have mentioned this in Section 3.5 as well as in the Fig 6 caption.

4. Large number of papers predicts tree mortality due to future higher air temperatures
and precipitation reduction (e.g., (Choat, Brodribb et al. 2018), (McDowell, Williams et
al. 2016)), extension of the Earth dryland area over wetter regions (e.g., (Huang, Yu et al.
2016)) and many other studies show that the CO2 fertilization effect could not overcome the
higher atmospheric water demand thus considerable WUE changes (e.g., Franks PJ,2014)).
Although there are others opinions, naturally, the authors cannot ignore those effects in
stating that (starting from line 346): “Under future conditions, the spatial distribution,
extent and biomass of evergreen forests mostly remained at the current state, and evergreen
forests were more resistant to climate change than deciduous forests. Expansion of deciduous
forest into open biomes due to increasing woody cover resulted in significant loss of savanna
area in the Deccan region under both RCPs with eCO2 by the end of the century. Transition
from deciduous forests to evergreen forest was simulated for the mountain regions of South
Asia.”

Choat, B., et al. (2018). ”Triggers of tree mortality under drought.” Nature 558(7711):
531-539.

Huang, J. P., et al. (2016). ”Accelerated dryland expansion under climate change.” Nature
Climate Change 6(2): 166-+.

McDowell, N. G., et al. (2016). ”Multi-scale predictions of massive conifer mortality due to
chronic temperature rise.” Nature Climate Change 6(3): 295-300.

Franks PJ, Royer DL, Beerling DJ, Van de Water PK, Cantrill DJ, Barbour MM, Berry JA
(2014) New constraints on atmospheric co2 concentration for the Phanerozoic. Geophys Res
Lett 41: 4685–4694.

Reply: Yes, we agree that other limitation such as drought, higher tempera-
ture and nutrient limitation can constraint or limit the effect of CO2 fertilization
and other related outcomes such as woody encroachment and phenology change
and cannot be ignored. The main driver of the productivity in DGVMs is the
increasing atmospheric CO2 concentration (Zhu et al., 2017). Ecosystem-scale
experiments indicate that nutrient constraints on plant functioning reduce the
sensitivity of plant productivity to elevated CO2 to such an extent that either
the increase of productivity lasts only for few years (e.g. Norby et al., 2010) or
no increase is observed (Ellsworth et al., 2017). The model version of aDGVM2
used for this study does not contain the nutrient cycle, which we have discussed
these limitations in section 4.1 and 4.6.

To account for this uncertainty, we did eCO2 and fCO2 simulations to get the
potential outcomes under the presence and absence of the effect to CO2 fertiliza-
tion at eCO2.

We have added more details in Section 4.1 about the uncertainty due to other
limiting factors on CO2 fertilization effect on ecosystem.
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Responses to RC2 by Anonymous Referee #1

Dear Editor,
Review of the manuscript “Climate change and elevated CO2 favour forest over savanna under
different future scenarios in South Asia. The manuscripts read well and has the most relevance
topic covered for the day given we are experiencing unprecedented climate change impacts
and resultant pandemic. The aim to look into this south Asian scenario on forest biomass
and changing forest cover over the region given the major of the population are dependent on
natural resources for their livelihoods. No doubt these models developed point at the future
direction and provide policy makers sufficient time to plan and execute appropriate policies
aiming to conserve limited natural resources and protect the livelihoods of millions.

Reply: Thank you for your appreciation and the positive feedback on the rele-
vance of our work.

The manuscript postulates that elevated CO2 levels improve the C3 function to enhance
biomass productivity, which is quite simple to understand and model based on this assump-
tion. However, at molecular level, the RUBP carboxylase has a different function based on the
CO2 concentration, temperature and sunlight. Photosynthetic enzyme RUBISCO has dual
function that fixes carbon when there is higher concentration of CO2 while at arid situations
may act as RUBP oxygenase i.e., reduce carbon instead of fixing it. Thus, I request authors
to go through the following articles which provide molecular basis of carbon fixation and how
this might be helpful to model the scenarios under climate change.

1. James R Ehleringer and Thure E Cerling 2002, C3 and C4 Photosynthesis 2002 Volume 2,
The Earth system: biological and ecological dimensions of global environmental change, pp
186–190 Edited by Professor Harold A Mooney and Dr Josep G Canadell in Encyclopedia of
Global Environmental Change (ISBN 0-471-97796-9) Editor-in-Chief Ted Munn, John Wiley
Sons, Ltd, Chichester

https://d1wqtxts1xzle7.cloudfront.net/38426075/C3 ad C4 photosynthesis.pdf?1

439136433=&response-content-disposition=inline%3B+filename%3DC3 and C4 Photo

synthesis.pdf&Expires=1601907932&Signature=STAk6mLUGsJFRRBFNCtvCzzPw9oUkDX

I~1~d86lZ13fTtz5GqP-KH-jEnyrBqA5PRo54rWhZVc2PAR370k0CVOphKvteYqXT1bWzjWTlGr

5PeqlqS8KC1JASAU1OSs9z2ED8yL0v2Dt1Lhu5b3s0An0C5cKvSPlOCOkewtBSQr~cnR8iyJw6M5

l0mT5-7lrhDVS2Oqvc452AdHCAGTJ5lqY9NctJMQ97JbFPHIO75zwE92f9qBIMzI9RLP-PXZi3xx

715LjobiytOoKzrzrKWPgALZA-yt7EwdhGfmKilnJAz3YY6RbPE2W01~eqSdfYk5mGaIXasD1vP

L0zzTdAJA &Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA

2. Ian E. Woodrow and Joseph A. Berry 1988 ENZYMATIC REGULATION OF PHOTO-
SYNTHETIC CO2 FIXATION IN C3 PLANTS Ann. Rev. Plant Physiol. Plant Mol. Bioi.
1988. 39:533-94 https://www.annualreviews.org/doi/pdf/10.1146/annurev.pp.39.06

0188.002533

Reply: Thank you for highlighting these two articles that provides detailed in-
formation on CO2 fertilization under different environmental conditions. Thank
you as well for pointing out your concerns about the effect of augmented pho-
torespiration and its representation in the model at higher temperatures. We are
well aware of how photosynthesis works and the dual nature of the ribulose-1,
5-bisphosphate-carboxylase-oxygenase enzyme. The photosynthesis implemen-
tation of Collatz et al. (1991, 1992) of the Farquhar photosynthesis scheme
(Farquhar et al., 1980), combined with the Ball et al. (1987) implementation
of stomatal conductance in aDGVM2 (as in many other DGVMs) accounts for
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these effects. The calculation of the CO2 compensation point (gammastar) in
this scheme depicts the dependency of carboxylation vs. oxygenation as a func-
tion of oxygen partial pressure and temperature (the latter via a Q10-function),
and the CO2 compensation point is then used further to determine Je (electron
transport-limited photosynthesis, this also takes into account photosynthetically
active radiation, i.e., PAR) and Jc (CO2-concentration-limited photosynthesis,
this also accounts for temperature-dependent Vcmax). Vcmax, the maximum
carboxylation velocity in the implementation in the version of aDGVM2 used in
this study, is temperature-dependent and reaches peaks around 37°C for C3 plants
and 42°C for C4 plants, and declines again at higher temperatures. This mimics
the combined effect of decreasing enzyme activity due to the increased competi-
tory binding of O2 at higher temperatures and eventually enzyme degradation at
very high temperatures.

We have highlighted these aspects in first paragraph of section 2.2 and added
details to emphasize more clearly that the physiological basics and processes
adequately represent CO2 and temperature effects on primary production in
aDGVM2, in the supplementary material of the manuscript under model de-
scription.

Furthermore, the manuscript under discussion line 349 (page 12) predicts expansion of woody
forests compared to Savannas in mountainous regions. Similarly predicts that in Deccan
plateau may change to evergreen forests from deciduous forests. This appears a very sweep-
ing statement, given there is variation in rainfall associated with increasing temperatures
Deccan region of the south Asia may experience floods and frequent droughts. It is well
established that soils in Deccan region are low in nitrogen and other micro-nutrients, which
support higher biomass production. I am not sure whether such physical attributes were
considered while modelling the forest cover change. In fact, the regions of the Deccan plateau
currently experience severe droughts which may cast uncertainty of the results obtained by
the Authors. Under these situations the conclusions drawn seems to be quite simplistic with-
out applying appropriate knowledge in the forestry sector.

Reply: We agree that a DGVM run at a 0.5° spatial resolution cannot capture all
the fine regional details required to provide in-depth detailed management advice
to local forestry. There are other types of vegetation models that are better
suited to conduct detailed studies at the local to regional scale. We are however
confident that the results from DGVMs are nonetheless valuable because they
can indicate more general trends of vegetation trajectories across larger spatial
and temporal scales. We highlighted this concern in the discussion section 4.6.

We are also aware that the model results depend on the climate and soil input
data provided as forcing parameters to the model. If extreme events such as
droughts and torrential rainfalls are represented by the climate input data, the
effects of such events on vegetation can be simulated. As we depend on climate
simulation scenarios conducted with General Circulation Models (GCMs) to con-
duct simulations for future vegetation dynamics, the uncertainty of the climate
model projections with respect to representation of future climate naturally also
affects our simulation results. We addressed this issue by conducting simulations
for two alternative climate projections (RCP4.5 and RCP8.5) that reflect differ-
ent possible climate futures in order to evaluate a range of possible vegetation
states associated with these climate projections. Also in response to the review
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of Hisashi Sato, we now provide additional supplementary material (Figs. S1, S2)
that illustrate spatial distribution of the climate input variables we used to drive
the aDGVM2 simulations and change until 2099 from the baseline (2000-2009).

Nutrients and nutrient cycling are so far not included in aDGVM2, therefore such
effects cannot be captured by the model. Where such limitations are known to
occur, we expect aDGVM2 to potentially over-predict vegetation productivity.
We have discussed this point in the discussion section 4.6.

We would like to emphasize that the model does not predict transition of de-
ciduous to evergreen forest in the Deccan region. Rather, it predicts that both
savannas and woodlands in the Deccan region may transition to deciduous forest
due to increase in tree biomass and canopy cover. A transition from deciduous
to evergreen forests has been simulated for the mountainous regions, i.e., the
Himalayas and the Western Ghats.

We have added more details to the corresponding sentences in the section 4.1 of
the revised manuscript to avoid the misunderstandings.

The authors at page 13 line 376 explain aptly that decreased biomass due to various limita-
tions of rainfall and other conditions in the plant photosynthetic process contracts the previous
conclusions. Thus authors are making simplistic claims without considering the holistic im-
pact of CO2 increasing concentrations on the biomes that are less studied at the molecular
levels and at the experimental forest dynamics due to changing temperatures. Overall, I
confirm that current level of understanding and justifications provided does not warrant the
publication of this article.

Reply: We would like to highlight here that the raised concern is taken care of
by the photosynthesis routine implemented in the aDGVM2. Like many other
DGVMs, the aDGVM2 is a process-based model, which implies that it repre-
sents physiological, phenological and demographic processes that integrate from
the leaf level to the plant level to the community or stand level, and from there
to larger spatial scales. This entails that all the mentioned by the referee, with
the exception of nutrient limitation effects, are actually represented by the ex-
plicit implementation of the responsible processes. Effects caused by changing
atmospheric CO2 concentrations and rising temperatures, including changes in
carboxylation vs. oxygenation, are captured by the Collatz et al. (1991, 1992)
implementation of the Farquhar photosynthesis model (Farquhar et al., 1980),
as explained in our response to your first point. Effects of water limitation on
stomatal conductance are represented by the Ball et al. (1987) implementation
of stomatal conductance that ties photosynthesis to stomatal conductance via a
diffusion-gradient definition.

We have included the respective references in the model description part to high-
light the detailed representation of the specific processes relevant to our study.
The explicit strength of DGVMs lies in their ability to not only represents such
relevant processes explicitly, but also to be able to scale them across a multitude
of scales.

To make this clearer for readers who are not familiar with the workings of
DGVMs, we have added some more information on this in the Model description
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section in the supplementary material of the revised manuscript. On page 13
line 376 we referred to the prediction under fixed CO2 scenarios, where the CO2

fertilization does not happen and as a result biomass decreases, whereas biomass
increases under eCO2. The change in mean annual precipitation and mean annual
temperature shown in Figure S2 supports our statement that CO2 fertilization
compensates the effect of high temperature and reduced precipitation in some
areas. We have rephrased the corresponding sentence in the manuscript to avoid
confusion.
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Responses to RC2 by Dr. Hisashi Sato

General comments
The authors modified a dynamic-vegetation-model aDGVM then applied it to the South-
Asia. After evaluating the simulation results under the historical climatic conditions, the
modified model was forced by predicted climates and CO2 trends, predicting major changes
in geographical distribution of vegetation occurs by the end of the 21st century. A sensitivity
test (i.e. comparing simulation results of four combinations of two CO2 scenarios and two
climate change scenarios), authors concluded that South Asia will likely to function as carbon
sink during the 21st century due to the CO2 fertilization effect. I evaluate that the manuscript
is within the scope of the journal and it meets a basic scientific quality, however, authors need
to address following items before publication.

Reply: Thank you for the positive feedback.

Major concerns

In the modification of aDGVM, a well-known functional relationships of leaves were intro-
duced: SLA (specific leaf area) negatively correlates with Na (leaf nitrogen content per unit
area), and Na positively correlates with Vcmax (maximum carbo-hydroxylation rate of Ru-
bisco per unit leaf area). I should note that there is also a negative and strong correlation
of SLA with leaf longevity (Wright et al. 2004), and actually, this correlation is much more
intense than for the correlation of SLA with Na. Discounting the negative correlation be-
tween SLA with leaf longevity in the current model should favor higher SLA than for actual
circumstances in nature. Author have to discuss how this discounting can skew the simula-
tion results at least. Wright, I. J., et al. (2004). ”The worldwide leaf economics spectrum.”
Nature 428(6985): 821-827.

Reply: We appreciate that you highlight this important aspect of leaf economy.
The mentioned relationship between SLA and leaf longevity is already included
in aDGVM2 (see detailed model description in Langan et al. 2017), and the SLA-
Na trade-off affects the leaf turnover rates. Leaves with high SLA have higher
turnover rates (i.e, shorter leaf longevity) than leaves with low SLA. The SLA -LL
trade-off implies that deciduous behavior is advantageous in dry regions because
trees which do not invest much carbon into their leaves per unit dry mass (higher
SLA) may shed them (lower LL) during the dry season without losing too much
carbon. On the other hand, trees that invest more carbon into their leaves to
enhance their structural stability (i.e., trees with low-SLA leaves) have longer leaf
turnover times and tend to emerge as evergreen in aDGVM2. Being deciduous
would be costly with respect to carbon use efficiency under such condition.

We have added these details to the text in Section 2.2 under sub-section (b)
Carboxylation rate, in the revised manuscript. We have discussed the complete
SLA -LL-Na-Vcmax relationship and its impacts on vegetation state via trait
trade-off in the discussion part in section 4.1.

Although the model was forced by various climatic variables, the manuscript only states in-
fluences of air temperature and precipitation. As authors themselves mentioned importance
of VPD (vapor pressure deficit) on the transpiration rate in the manuscript (lines 406-409),
other climatic variables controls the simulation. Accordingly, analysis and discussion how
changes in other climatic variables influenced the results would be added. Besides, geograph-
ical distributions of all climatic variables, those are employed in the simulation, would be
presented in the manuscript for both means of base-line- period and predicted trend during
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the 21st century.

Reply: Thank you for highlighting your concern on the significance of other
climate variables controlling the vegetation dynamics. In aDGVM2, VPD is
calculated using relative humidity (one of the climate forcing) and saturated
vapor pressure. Due to stomatal closure, photosynthetic rates under soil water
stress conditions decline in aDGVM2 when atmospheric VPD increases.

Other than precipitation and temperature, aDGVM2 uses relative humidity,
downwelling short and long wave radiation, and near-surface wind speed as cli-
mate forcing derived from from GCM (GFDL-ESM2M). We agree with the re-
viewer’s idea of presenting both mean and predicted trend of these variables dur-
ing the 21st century and included a revised figure in the Supplementary Material
(Figure S2).

We have added details on the impact of projected climate change on simulated
results in the revised manuscript in discussion sections from section 4.1, 4.2, 2.3
and 4.4

To quantify water use efficiency (WUE), authors scaled transpiration rate by leaf biomass
(section 2.9). It’s unusual. WUE is generally defined as carbon gain per unit water loss (i.e.
photosynthesis rate per unit transpiration rate), because transpiration can be regarded as
inevitable water lose during CO2 uptake through stomata for photosynthesis (Lambers et al.,
1998). If authors use WUE of their definition, they need to clarify its underlining reason.
Lambers, H., F. S. Chapin, and T. L. Pons (1998), Plant Physiological Ecology, Springer,
New York.

Reply: Thank you for providing the reference. In this study, we have not used
WUE. Instead we decided to present the change in transpiration at biome level.
As both biome area and total amount of leaf biomass per biome are subject to
change over time, changes in absolute transpiration quantity can result from area
or biomass changes, or from changes in water supply, or from changes in WUE.
We therefore normalized transpiration to biome-level leaf biomass to eliminate
effects caused by change in biome area and leaf biomass per biome. The normal-
ization makes such differences in transpiration at biome level more comparable
and independent of biome attributes such as area covered by a respective biome
and biome-level biomass.

Choosing to normalize transpiration to leaf biomass integrates over both increased
WUE combined with soil water availability constraints. In our opinion, in our
specific case is therefore more suitable to characterize overall change in water
balance over time at biome level, as it not only indicates water used to produce
new biomass (as GPP over transpiration would express), but also includes water
required to sustain existing biomass.

We elaborated more precisely why we decided to normalize transpiration to unit
biomass per area rather than choosing to go with WUE in section 2.7 of the
revised manuscript.

Minor concerns

Line 15. ”eCO2” This term should not be used before its definition. Reply: Thank you
for pointing it out. We made the correction in the revised manuscript and put
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the definition with the first use of the term.

Lines 70-72 I could not understand this sentence.

Reply: We rephrased the sentence to make it clear in the revised manuscript.

Previous: “They were further limited when using contemporary environmental
conditions to pre-define bioclimatic limits of plant functional types (PFTs), and
when using fixed eco-physiological parameters, for example to model carbon al-
location”.

Rephrased: “These studies were further limited by the utilization of models with
fixed eco-physiological parameters and traits e.g., fixed carbon allocation values
to assign carbon to plant biomass pools, fixed specific leaf area (SLA), as well as
pre-defined bioclimatic limits that were derived from contemporary climatology
in order to constrain the spatial distribution of plant functional types (PFTs)”.

Lines 74-75. ”potentially disruptive effect of increasing CO2 on natural vegetation” It’s a
misleading phrase. As authors repeatedly mentioned in this manuscript, higher atmospheric
CO2 enhances photosynthesis rate and water-use-efficiency for C3 plants, although no major
influences would be happed for C4 plants. Disruptive effects of higher CO2 can be expected
only if we consider other factors such as lower leaf-cooling-effect due to lower transpiration
rate.

Reply: Yes, we agree that the phrasing is misleading. We thank the reviewer
for pointing it out and rephrased the sentence in the revised manuscript.The
modified sentence is

“While some global-scale studies have investigated the potentially disruptive
effect of increasing CO2 on natural vegetation, carbon sequestration and biome
boundaries (e.g. Hickler et al., 2006; Sato et al., 2007; Smith et al., 2013),
detailed modeling studies focusing explicitly on different biomes in South Asia
have not been conducted.”

Lines 81-82, ”resulting from environmental filtering applied to traits of modeled plant indi-
viduals” I could not understand this phrase.

Reply: Here we meant that in aDGVM2, the implemented novel process of se-
lection and trait inheritance assembles plant communities that are well-adapted
to given biotic and abiotic conditions. A detailed description about the imple-
mentation is given in Langan, 2019 and Scheiter et al. (2013).

We rephrased the sentence to make this clearer in the revised manuscript. The
revised sentences is

”To address the knowledge gaps in existing studies, we used the aDGVM2
(adaptive dynamic global vegetation model version 2), an individual- and trait-
based vegetation model that combines elements of traditional DGVMs (Prentice
et al., 2007) with newly implemented approaches for selection and trait filter-
ing. In aDGVM2, environmental conditions used for plant with trait value
combinations that make them successful under these conditions. Therefore,
plant communities that are adapted to site-specific environmental conditions
dynamically assembles and emerges as a reaction to the environmental forcing
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(Langan et al., 2017; Scheiter et al., 2013).”

Lines 156-164 Values for parameters should be presented.

Reply: In the revised manuscript section 2.2, we included the parameter values
that define temperature limitation of carboxylation, as well as other parameter
values used for calculation of leaf temperature. We would like to point out that
the air density in aDGVM2 is not constant and is derived from atmospheric
pressure (101.325 kPa) at sea level by scaling according to air temperature and
elevation following Burman et al. (1987).

Line 184-185 Due to the large inter-annual variability of precipitation, I cannot see apparent
climate trends in the figure S1. Because predicted trends in precipitation considerably differ
among regions of the South Asia (Figure S2b), it would be meaningless to discuss predicted
trend of average precipitation over South Asia.

Reply: We agree that there is no clear overall trend in mean annual precipitation,
so we rephrased the text in the revised manuscript and have time-series of MAP
shown in Fig S1 which shows that there is large inter- annual variability and no
clear trend.

Line 185. ”Western Ghats” Line 262. ”Brahmaputra basin” Will you provide approximate
longitude and latitude of this region?

Reply: The Western Ghats are located between latitude 73°- 77° E and longi-
tude 8°N - 21°N, and the Brahmaputra basin is located between latitude 28°N
- 34°N and longitude 90°E - 96.5°E. We included the coordinates in the revised
manuscript.

Lines 191-198. Section 2.5 Geographical distributions of soil types and elevation would be
presented. A table of soil properties of each soil type is also required. Also, please add
explanation how elevation controls the simulation.

Reply: We have used the same soil data that were used in Langan et al. (2017)
and the soil properties are given in the Appendix S2, Table1 in Langan et al.
(2017) (https://onlinelibrary.wiley.com/action/downloadSupplement?doi=10.1111
%2Fjbi.13018&file=jbi13018-sup-0002-AppendixS2.pdf). In the model elevation is
used to calculate the atmospheric pressure at different altitudes. This is required
to derive the respective partial pressures of O2 and CO2, and to scale air densities
at different altitude. The partial pressure of oxygen is used in the photosynthesis
routine to estimate the CO2 compensation point (see more detailed explanation
on the topic of how photosynthesis is implemented in aDGVM2 in our replies to
the comments provided by anonymous reviewer 1).

We added the soil type and elevation maps along with a table for soil properties
in the supplementary material (Fig. S3), and we added a brief explanation in the
methods (Section 2.3.2) why elevation is required for aDGVM2 simulations.

Line 200. ”four different scenarios” Immediately after this term, an explanation would be
needed that the four scenarios is the combination of two climate assumptions and two CO2
assumptions.

Reply: Thank you for pointing it out. We rephrased the sentence and included
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the suggestion in the revised manuscript.

“To understand how climate change and CO2 fertilization interact to influ-
ence the future vegetation state in South Asia, we simulated all combination
of two climate scenarios (RCP4.5 and RCP8.5) and two CO2 scenarios (CO2

fertilization enabled or disabled, four scenarios in total).”

Lines 224-225. ”simulated vegetation stands (1 hectare)” It means that the simulation unit
of the aDGVM is 1 hectare? But, all forcing data and validation data were converted to 0.5
degree, and all simulation results were presented at the 0.5 degree resolution. Please add
explanation.

Reply: In aDGVM2, a “1 hectare plot” is assumed to be representative for a grid
cell. Results from these representative stands are scaled up to the grid cell size
i.e., in the current study to a grid cell resolution of 0.5° × 0.5° assuming that the
vegetation in this grid cell is homogeneous. The aDGVM2 simulations are com-
putationally expensive and time-costly when conducting them for representative
stands of 1ha. Even with computer clusters that available for our simulations,
simulating the number of individuals required to fill an entire 0.5° x 0.5° grid
cell would exceed available computational power and/or require extremely long
simulation durations that are simply not feasible. For the same reason, we did
not conduct replicate simulation runs for each grid cell. The “representative 1 ha
approach” is therefore a pragmatic approach to balance adequate representation
of trait diversity among individuals against technical constraints.

We have added explanation in the revised manuscript in section 2.4 under “Model
simulation protocol”.

Lines 230-231 Each tree can have multiple stem in the aDGVM? Need some explanation in
the model description part of the supplemental material.

Reply: Thank you for the suggestion. In aDGVM2, the stem number of individual
woody plants is a dynamic trait. This trait has been included by Gaillard et al.,
(2018) in order to allow simulation of shrubs vs. trees based on a functional trade-
off between efficient access to soil water resources and water uptake vs. rapid
height growth. It simulates shrubs as multi-stemmed woody plants whereas all
woody individuals with a stem number between one and three are defined as trees.
The classification of individuals into these two categories is done a posteriori,
based on the model results. Stem numbers in a woody plant are emerging based
on water availability, light availability and fire activity as discussed in Gaillard et
al. (2018).

We added this detail in the model description section in the supplementary ma-
terial.

Lines 231-233 I could not understand this sentence. Please rewrite.

Reply: We rephrased the sentence in the revised manuscript to make our point
clear in section 2.6 and added details in the supplementary material on shrubs.

“The canopy cover of woody plants and grass biomass were used to separate
woodland and savanna biomes. Grid cells with tree canopy cover greater than
shrub canopy cover, tree canopy cover between 5% and 45%, and grass biomass
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below 100 kg/ha, were classified as woodland. Grids cells with the same woody
cover characteristics but grass biomass higher than 100 kg/ha were classified
as savanna.”

We rephrased the sentence in the revised manuscript to make our point clear and
added details in the supplementary material on shrubs.

Line 271. ”changes” This word would be better to be replaced by ”increasing trends”.

Reply: Thank you for the suggestion, we made the suggested change.

Line 290. ”grassland” It would be better to be replaced by ”grasslands”, which contain both
C3 and C4 grasslands.

Reply: Thank you for the suggestion, we made the suggested change in the revised
manuscript.

Lines 335-336 Phrase ”until 2090s” or ”by 2090s” would be inserted somewhere in this sen-
tence.

Reply: We added the suggestion in the revised manuscript. Thank you.

Line 399. ”resulted” It would be better to be replaced by ”coincided with”.

Reply: We agree with the suggestion and rephrased the sentence in the revised
manuscript.

Tables S1 and S2 Units are missing.

Reply: We added the units to the values of parameters in table S1 and S2 in the
revised supplementary material. Values without specified units are fraction or
unit less.

Figure S5 No definition for the abbreviation “GRBM”.

Reply: It is an abbreviation for “grass biomass”. We added the non-abbreviated
term in the figure caption in the revised supplementary material.

Figure S3, S4, S6, and S8 For convenience of readers, captions of these figures might be better
to be replaced by ”Same as the Fig * except RCP8.5”.

Reply: Thank you for the suggestion. But we feel that it would be easier to
follow the figures if details are repeated in captions.

Typos Line 116 Year is missing for ”Gillard et al.”

Reply: Thanks for pointing it out. We added the year in the revised manuscript.

Line 129. ”Spack” It would be replace by ”Spack”. Unit for Spack should be also presented.

Reply: Thank you, we added the suggestion in the revised manuscript.

Line 171 ”C4 grasses” ”C3 grasses” Reply: Thank you, we made the suggested cor-
rection in the revised manuscript.

Line 181. ”Wm2” ”W/m2”
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Reply: We made the suggested correction in the revised manuscript.

Line 314. ”Ebiome” It would be replace by ”Ebiome”.

Reply: We corrected the mistake in the revised manuscript.
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