
Dear Dr. Buscardo, 
 
Thank you for the reviews and the opportunity to submit a revised version. Following the 
sugges>ons and recommenda>ons, we revised our manuscript. Par>cularly, we added a 
specific statement of the main goal and we revised the introduc>on to improve the rela>on 
to the hypotheses. Please find our point-by-point responses below. 
 
Yours sincerely, 
Simon Scheiter and co-authors 
 
 
 
Dear Dr. Simon Scheiter, 
 
We have received the comments by one of the original reviewers and a new one. 
While the original reviewer is sa>sfied with the way you have addressed his comments, the 
new reviewer has addi>onal sugges>ons as to how to improve the quality of your 
manuscript. 
Among them you are asked to clarify what the main goal is and what the specific objec>ves 
of your study are and relate them directly to the hypotheses tested. Please do so, taking into 
account the new reviewer’s comments. 
Thank you. 
 
Sincerely, 
 
Erika Buscardo 
 
 
 
Reviewer 1 
 
(no comments) 
 
 
 
Reviewer 2 
 
I am reviewing this manuscript for the first >me. AMer reviewing it as it were a new 
submission, I found that it is a very interes>ng piece of work that is useful to scien>sts 
working with vegeta>on-climate rela>onships and climate change. In general, I found it is 
well-wriNen and the methods are well executed. However, I found that the main goal of the 
manuscript was neither clear nor well-jus>fied are not fully aligned with the hypotheses. I 
was also disturbed by the word "objec>ve" in the >tle, as if objec>vity would be an asset, but 
then realizing that the methods are plenty of arbitrary decisions that are far from being 
"objec>ve". While I would tend to agree that objec>vity should be pursued, subjec>vity is 
always present and this work is not an excep>on. Some of these points are in line with 
comments made by previous reviewers and have been already addressed in the revised 
version I read, though perhaps not to the extent it would be required to meet acceptance for 



publica>on. I would like to develop these points further in the hope that are of use to the 
authors for improving the manuscript. 
 
Thank you for your posi>ve feedback and construc>ve sugges>ons to improve the 
manuscript. We addressed all the points, and provide our responses aMer the more specific 
comments below. 
 
While the main objec>ve, purpose, aim or goal of the manuscript is not explicitly stated, a 
jus>fica>on for this work is found on lines 61-64, 67-68, 77-81 and 83-85: 
 
"This makes objec>ve and direct comparisons of modeled biome paNerns and biome change 
difficult. We argue that an objec>ve biome classifica>on applicable to any GVM is required to 
facilitate mul>-model comparisons of future biome shiMs and a quan>fica>on of 
uncertain>es related to biome classifica>on." 
 
"A further caveat for analyzing modeled biome distribu>ons and to evaluate models based 
on observa>on-based biome maps is that mul>ple observa>on-based biome or land cover 
maps were developed" 
 
"The biome classifica>on scheme applied to GVM results and the observa>on-based biome 
map used for data-model comparisons can therefore influence data-model agreement and 
projected rates of biome shiMs under future climate condi>ons (Scheiter et al., 2024a). 
Misclassifica>on of biomes may result in inappropriate conclusions for conserva>on and 
management policies for ecosystems (Kumar et al., 2020)." 
 
"To achieve robust and comparable projec>ons of biome shiMs and quan>fy uncertain>es in 
biome projec>ons across GVMs, climate change scenarios and exis>ng observa>on-based 
biome classifica>on schemes, we first developed a novel and objec>ve biome classifica>on 
framework." 
  
This is followed by what was actually done, but the connec>on between these arguments 
and the reason for doing what was done is missing. I believe it requires sta>ng the goals of 
the manuscript. 
 
We added a main aim both in the abstract and the introduc>on: “Here, we aimed to robustly 
quan>fy and map future biome shiMs under climate change using a reproducible, mul>-
model ensemble approach.” 
 
Furthermore, the four hypotheses are poorly aligned with these jus>fica>ons, except 
perhaps hypothesis 1, which is hard to falsify as "large varia>ons" can poten>ally be 
anything.  
 
In hypothesis 1, we agree that “large varia>on” is hard to falsify and also not a surprising 
result. We reworded the hypothesis to make clear that we expect differences in data-model 
agreement between GVMs and biome map combina>ons. 
 
Hypothesis 2 predicts that biome stability and suscep>bility paNerns are consistent across 
models, but the meaning of "model" in this context is not clear to me and is perhaps 



something that is not expected to be related to a biome type but rather to the geographical 
loca>on of the climate change as predicted by the RCP scenarios, which appears to be 
confirmed by the results, though not properly evaluated. 
 
In hypothesis 2, we replaced “models” by “GVMs” for clarifica>on. We also think that Fig. 2 
clearly illustrates agreement and disagreement of GVMs regarding biome transi>ons. In large 
areas, none of the GVM-biome map combina>on indicates biome transi>ons, while at the 
other extreme, many combina>ons indicate biome transi>ons (the different categories in the 
map). To analyze what drives the suscep>bility to biome change, we conducted the random 
forest regression with different drivers related to precipita>on, temperature, temperature 
zone, loca>on (la>tude, longitude) and Fig. 4 shows that current temperature, la>tude and 
current precipita>on are the most important factors. We think that these formal sta>s>cal 
analyses are a proper evalua>on and support our hypotheses. Yet, we would appreciate 
addi>onal and specific sugges>ons how to evaluate this “properly”. 
 
Hypotheses 3 and 4 are connected with "well-understood biome temperature limits" which I 
found hard to define, difficult to assess and poorly developed in the methodology. 
 
We agree that hypotheses 3 and 4 are not well connected to the ms text provided in the 
reviewer’s comment above. Yet, in the introduc>on, we also state “Yet, under the current 
climate model projec>ons with more consistency in temperature change than in 
precipita>on change, we expect that boreal forests and other biomes with clear 
temperature-related bioclima>c limits should respond more consistently to climate change 
across different GVMs and climate change scenarios than biomes primarily limited by 
moisture or disturbances, or those without clear bioclima>c limits.” This is a jus>fica>on for 
hypotheses 3 and 4. We revised the introduc>on to be more specific: 
 
“We used regression models to relate the suscep>bility to environmental drivers. As 
temperature changes are more consistent in climate change projec>ons (Shi et al., 2021), 
and PFTs in GVMs are oMen defined by temperature-related bioclima>c limits, we expected 
more consistent responses to temperature than to precipita>on, and in biomes associated 
with temperature-related bioclima>c limits. The representa>on of plant hydraulics and 
drought-induced tree mortality are a source of uncertainty in many GVMs, limi>ng the 
model's capacity to simulate responses to precipita>on change, par>cularly drought, and 
temperature effects on vapor pressure deficit (VPD).” 
 
We agree that the defini>on of temperature-related biomes in the case study for the Olson 
biome map is subjec>ve, and we fully transparent about this in our ms; we state that this is 
expert-based and that other authors may use a different approach. To include a less 
subjec>ve approach to analyze main drivers of biome change, we also conducted random 
forest regressions including all GVMs and biome classifica>on schemes and a set of different 
predictors such as climate drivers, la>tude and longitude. This analysis does not include 
expert-based classifica>on but is purely based on modeled biome changes and 
environmental driver, including all modeling results in our study. 
 
My sugges>on regarding these points would be to make it clear which is the major goal and 
the specific objec>ves of this work and how do they directly connect with (testable) 
hypotheses, and, unless the methods to assess hypotheses 3 and 4 are made more robust 



(for example, fully clarifying how temperature driven biomes were chosen beyond saying 
"based on literature and expert knowledge" [line 240], and tes>ng the changes against a 
random classifica>on scenario), remove the temperature evalua>on part, as it looks weak 
(only one biome map was considered [Olson et al. 2001], the dis>nc>on between mainly 
limited by temperature or other factors is too black and white, the results are not very 
insighmul) and it does not appear to be fully related to the (unstated) objec>ve of the work. 
Regarding hypothesis 2, I would like to suggest evalua>ng the extent to which stability and 
suscep>bility paNerns are related to, or are even the reflec>on of, the magnitude of clima>c 
change in RCPs scenarios (which is not the same as tes>ng for RCP scenario) and so they are 
or are not biome- or model-dependent or are just a maNer of geographical loca>on. I believe 
this could be done per clima>c variable and/or aggrega>ng them in a PCA or something 
similar. 
 
As described above, we added a clear statement on the main aim of our study. We also 
revised the introduc>on to beNer relate to hypotheses 3 and 4 (see previous response). We 
used two different approaches to address those hypotheses: a formal regression model, and 
a more subjec>ve approach where we classified biomes into temperature-related or not.  
 
We reworded the descrip>on of our classifica>on into temperature-related biomes for 
clarifica>on (changes in italics): “This classifica>on is based on literature and expert-
knowledge of the authors, and other authors may use another classifica>on. We did, 
however, not test the sensi2vity of our results to this classifica2on as we used random forest 
regressions to analyze biome changes for the full model ensemble in response to mul2ple 
predictors (see previous sec2on).” 
 
We prefer to keep both approaches. The black-white approach for the Olson map should be 
seen as a case study for a specific and well-known biome map, in contrast to the random 
forest regressions applied to all combina>ons of 31 biome maps and 5 GVM. Repea>ng the 
temperature-related classifica>on for all 31 biomes would be possible for further evalua>on 
and sensi>vity analyses, but this would be challenging and beyond the scope of our study. 
 
The methods are plenty of subjec>ve or arbitrary decisions. For example, land use, nitrogen 
deposi>on and fer>lizer input were included as fixed, though they may change in >me and 
poten>ally affect results; choice of LAI as biome classifica>on variable; ignoring bare ground 
and anthropogenic PFTs (which is not methodologically developed in supplement S1 as one 
may have expected); not aggrega>ng biome maps into a consensus map. This would be 
perfectly fine to me if the claim of an "objec>ve" classifica>on were not there, so my 
sugges>on is to remove that claim from the manuscript, including the >tle. For the >tle, an 
op>on would be "Machine learning biome classifica>on...", which would beNer reflect what 
was actually done. 
 
We agree that there are subjec>ve decisions in our approach. Following the 
recommenda>on, we avoid the word “objec>ve” in the ms by dele>ng it or replacing it by 
“reproducible”. Yet, we do not agree that our decisions are arbitrary; our decisions are 
jus>fied in the methods and the discussion. For example, we describe in the methods why 
we select LAI for classifica>on (as it is a common variable for biome classifica>on) or why we 
use specific GVM model scenarios from the ISIMIP repository (because data availability is 



maximized compared to other scenarios, and decisions regarding scenarios were already 
made by the ISIMIP consor>um while developing well-mo>vated sepngs and scenarios). 
 
Given the comment regarding objec>vity, also in the first reviewer comment, we would have 
been interested in how a real objec>ve approach would look like from the reviewer’s 
perspec>ve. We would think it’s just impossible to do any scien>fic experiment or analysis 
without making decisions. As the reviewer states “subjec>vity is always present”. From that 
perspec>ve, objec>vity is just impossible. 
 
 
 
Minor comments: 
 
188: Random forest analysis needs more explana>on regarding the setup, such as the 
division between training and test data. 
 
We clarified the random forest setup: “We used the ‘randomForest’ default sepngs. For each 
random forest, 2500 trees were created. Model performance was evaluated using out-of-bag 
(OOB) error es>ma>on for each tree, therefore we did not split data into training and tes>ng 
subsets.” 
 
236, 253 and elsewhere: Please provide versions of all employed packages and soMware. 
 
We added version numbers for R packages. 


