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Reviewer #2: The authors compiled in situ measurements and long-term experimental
data to estimate changes in aboveground biomass over Inner Mongolia at a spatial
resolution of 1 km. Moreover, the machine-learning model which was constructed us-
ing historical observations is applied to estimate aboveground biomass changes under
future climate scenarios. Without implicitly considering the following two major com-
ments, I would not recommend this paper to be published. In a warmer future, the
rising CO2 effect on aboveground grassland productivity was not considered. It is well
established that the fertilization effect of rising CO2 would greatly offset the warming-
induced productivity loss in grasslands. Without considering the CO2 effect, projections
of aboveground biomass would be greatly biased in a warmer world.
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Authors’ Response: We greatly appreciate the reviewer’s useful suggestions and con-
structive comments, following which we have substantially revised our MS particularly
on the CO2 enrichment effect. We in general stand with the reviewer on her/his opinion
that fertilization effect of rising CO2 would greatly offset the warming-induced produc-
tivity loss in grasslands. In the revision, first, we derived the relationship between CO2
concentration and ANPP based on the data derived from Polley et al. (2019) (Line
184-191; Fig. S4). Second, by applying this relationship on future CO2 concentrations
and AGB projected by the machine learning models under different RCP scenarios, we
found AGB losses due to climate change (not including CO2 enrichment effect) can not
only be offset but also be reversed (Line 240-248; Fig. 8). Third, we noticed that CO2
enrichment effect on AGB can be dependent on resource availability of other environ-
mental factors such as nutrient and water (Brookshire and Weaver, 2015;Wang et al.,
2020), thus there remain large uncertainties in the estimated AGB variations under a
rising CO2 as estimated in this study. We have thoroughly discussed these possible
uncertainties and limitations of our results (Line 284-294). We hope these revisions
can satisfy the reviewer’s concerns.

Note that the temporal dynamics was deduced from the analysis of climate drivers of
spatial gradient in aboveground biomass. This space-for-time method was generally
challenged by the fact that the climatic controls in space and time would be different.

Authors’ Response: We respectfully disagree with the reviewer on this point although
we can understand her/his potential concerns, which is not the case in our study. In
this study, we split the study region into three categories (e.g., meadow steppe, typical
steppe and desert steppe), these three categorical variables are included as predic-
tors in the machine learning models as dummy variables. This is to avoid deducing the
dependent variables in a certain category using the independent variables (e.g., cli-
mate variables) across other categories in building the machine learning models, i.e.,
predicting an apple using an orange. Consequently, we have realized that the climatic
controls over spaces are different and they have actually already been taken into ac-

C2



count in building the machine learning models. We have further clarified this in the
revised MS (Line 134-136).

The authors have six long-term experimental sites, but unfortunately these valuable
data set especially for evaluating the inferred long-term trend has not been explored.
The authors should add new analyses and figures to evaluate the model-derived pro-
ductivity changes in terms of mean, inter-annual variation and trend using these data.

Authors’ Response: Thanks for this useful suggestion. We have evaluated the tem-
poral changes in AGB at the six long-term field experimental sites and added a figure
showing these temporal variations at site scales (Fig. 7). In general, the long-term field
observations also show large inter-annual variabilities in the grassland biomass (Fig. 7)
and can support our predicted temporal biomass dynamics at the regional scale (Fig.
6). For example, at four of the six sites, AGB showed a general decreasing trend (Fig.
7). We have included these results in the revised MS (Line 226-228).

Minor comments: Change the error of AGB unit “ka ha-1” in Abstract Line 17.

Authors’ Response: Modified accordingly (Line 18).

A table showing the details of environmental drivers might be helpful.

Authors’ Response: We have previously summarized the details of environmental
drivers in the Supplement Table S1 in the last submission. In the revision, we have
moved this table to the main text as Table 1 (the previous Table 1 has been accordingly
updated to Table 2).

In the future projection, current grazing intensity was kept stable, while it would not
be consistent with RCP simulations under RCP4.5 and RCP8.5. Some hypothetic
scenarios are necessary.

Authors’ Response: Thanks for pointing out this. We admit that this is one of the
major uncertainty sources in the predicted AGB, we have included and discussed the
associated uncertainties and limitations in the revised manuscript (Line 281-283).
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