Review 2

The topic is highly relevant to understanding the evolution of droughts under climate change and
could support adaptation strategies, particularly for regions with significant agricultural
importance. The paper is well written, the figures are of high quality, and the results are very
relevant to climate change studies. | recommend this paper for publication.

Despite this, | have a few minor comments that | would like to see addressed. Overall, | believe
there is a lack of transparency in the description of the methodology used for evaluating the
models.

We want to thank the reviewer for the invested time and effort and the valuable suggestions for
improving the study. In the revised version of the manuscript a subsection has been added to
describe the methodology used for the evaluation. In the following we answer each specific
commentin blue.

Specific Comments:

1. I found the evaluation of historical simulations to be quite weak. First, the methodology
section lacks a clear explanation of how the evaluation was implemented and an explicit
definition of all the metrics used, making it difficult to interpret the results, which are also vague.
For example, you introduce the variable P in line 195, but you never explicitly state what it refers
to. l assume itis the Pearson correlation computed over all grid points (averaged over time), but
this is not obvious. Moreover, if | understand correctly, you are only evaluating the models'
performance on the time-averaged spatial pattern. | think an additional evaluation of the
seasonal cycle and trends would also be important.

To improve transparency in the methodology we added a subsection for model evaluation, which
covers calculation details for the distance metrics, pattern correlation and seasonal cycles.
Further, we changed its variable name to R, to avoid any potential confusion with precipitation
P.

Regarding the second part of the comment: The reviewer correctly pointed out, that only time-
averaged evaluations are shown. We agree on the importance of trends and seasonal cyclesin a
comprehensive evaluation. On the other hand, we would like to keep this study focused on the
analysis of future projections. The introduction has been updated to promise a "selective" rather
than a "comprehensive" evaluation.

Nevertheless, seasonal cycles are a very important part for our model evaluation and have been
added. The simulated seasonal cycles of simulated precipitation are compared to reanalysis
and discussed for each of the selected harvest regions. For temperature however, the agreement
seems to be high enough to not require a dedicated discussion and the corresponding plots are
moved to the appendix.

We did inspect trend maps and global average trends, which generally agreed well for
temperature, but less for precipitation. A proper evaluation of trends however, would require a
longer time period and would not be in the scope of this study. My colleague, however, is



preparing a study that covers trends in the evaluation of drought indices for longer historical and
pre-industrial timeseries.

2.In Figure 1, in panels a and b, you use different names for the same variables. Please make
them consistent.

We renamed the variables in panel b) to match the other figures and equations.
3. Line 204: Please explicitly state how the RMSD was calculated.
Equation has been added in methods (see point 1) and referenced here.

4. You do not state the rules for determining whether a model is kept or disregarded based on its
performance in historical simulations.

We selected the models based on data availability and limited to one model per institute to not
artificially overweight similar models. We did not exclude any of the models based on their
performance. Parts of the analysis have been repeated for different subsets of models without
much changes to the overall results. However, selecting or weighting the models based on there
similarity or performance is an interesting approach, for further studies.

5. Lines 291-292: Is the fraction area calculated with respect to the entire non-glaciated region,
following Equation 47 Please be more explicit.

Yes, it is. We added a reference to the equation.
6. Line 294: Please correct the typo: spacial into spatial

Typo has been corrected.

7. Lines 295-296: This sentence is unclear to me. Please clarify what you mean here.
The sentence has been split and rephrased. Hopefully this makes it more understandable:

“In contrast to spatial mean time series the area fraction plots show the increase in wet and dry
conditions at the same time without compensating positive and negative index values.
Furthermore, area fraction plots are not influenced by localized extreme SPEIl values, as they
focus on the proportion of cells exceeding a certain threshold rather than the magnitude of the
values themselves, unlike mean time series which can be skewed by a few cells with
exceptionally high trends.”

8. Lines 303-304: Is this a model-related effect, or do you have another explanation for this? For
example, could it be due to increased variability leading to more extreme conditions (both wet
and dry)?

Increased variability is very likely to lead to more wet and dry extreme conditions. We also found
an increase of extremes (SPEI) during the historical period in observations/reanalysis and
models. However, in my opinion the data shown in this study is not sufficient to make such
conclusion. My colleague has a study in preparation focusing on the evaluation of SPl and SPEI
in the extended historical period, which is going to be submitted soon (also mentioned for point
1). The peaks in summer can be linked to stronger increases of maximum temperature during
northern hemisphere summer compared to winter season combined with increasing winter



precipitation in many regions. The shift towards is most likely a side effect of the 6-month
accumulation of Index.

9. Line 360: You state that you find similar global trends, but | don't understand where this
comment comes from. It seems to me that you are only evaluating the time-averaged spatial
patterns. | suspect this is another consequence of the lack of transparency in the methodology
and results.

The statement regarding global trend has been removed. The time series in Figure 4 (now 6)
included the reanalysis and their trends in an earlier stage of the study. For technical reasons
the evaluation part has been separated from the analysis of the observation.

10. Line 370: Please correct in this scenarios with in these scenarios

Typo has been corrected.



