
The study introduces a physical WRF-CMIP6bc framework combined with a statistical 
model GAMLSS to address the non-stationary frequency changes of compound climate 
extremes, demonstrating its use for the Minjiang River Basin in China. While the work 
provides a timely and appreciable contribution to projecting future compound events, 
the manuscript currently lacks sufficient detail to fully convey its approach and 
practical implementation. This limits the reader’s ability to understand and apply the 
proposed framework. Furthermore, several findings would benefit from deeper 
explanation and clearer reasoning. 

I offer the following comments to help improve the article: 

1. Throughout the manuscript (and also in the title), the authors state that this study 
addresses the ‘risk’ of CCEs. As risk assessment typically involves an (monetary) 
impact analysis (see e.g. UNDRR (2007) for the definition of natural hazard risk), it 
may be more accurate to frame the study in terms of frequency changes or 
recurrence, which the authors mentioned somewhere in the manuscript. Therefore, I 
recommend carefully reviewing and revising all uses of “risk” or “risk assessment” to 
avoid overstating the study’s scope.  

2. While research gaps are introduced in L60-62, they require clearer identification. 
There are a number of studies looking into the frequency changes in compound 
events, both in China and other parts of the world. To name a few: Zscheischler et al. 
(2018), Fang et al. (2025) npj climate and atmospheric science, Wu et al. (2023) 
Earth’s Future, Ridder et al. (2022) npj climate and atmospheric science, and so on. 
How does the present study compare or advance beyond these works? 

3. Fig. 1 outlines the key methodological steps in this study. Many unintroduced 
acronyms e.g. WRFOUT, CC and PBIAS are used without prior explanation, which 
may reduce the readability and understanding of the framework. 

4. Please elaborate on the types of CCEs commonly occurring during the flood season 
(Line 99). Including examples of historical events would help illustrate this. 

5. Section 2 provides a description of critical methodological steps of this work; 
however, they lack sufficient detail to fully convey its approach and practical 
implementation. I suggest to clarify the following concerns: 

a. For validation of historical simulation results: 
i. Why is the validation only focused on a 10-year period (2005–2014)?  

ii. Why would the ERA5 serve as the benchmark not the observed data 
(L113-115)? 

iii. How were the spatial results constructed from the observed data at 30 
stations? 

iv. Please define in the manuscript what CC and PBIAS mean, and clarify 
whether they represent averages across all grid cells. 



v. What are subplots a-f in Figure S1 based on? The mean value per grid 
over the 10-year historic period? Please add necessary details on what 
you are comparing. 

vi. Is there also an explanation on those misestimated CMIP6bc 
temperatures? And why are the results particularly worse in the 
downstream sub-basin of the MRB? 

b. I suggest to swap Sect. 2.3 and 2.4, since you first run the model and then 
extract CCEs from the model results.  

i. When identifying the CCE events, did you do it independently for each 
grid? What are the spatiotemporal definitions of CCEs?  

ii. Did you consider the spatially compound events, i.e. the same CCE 
event occur at multiple locations simultaneously? If not, please 
discuss if the proposed approach may double count CCEs and how 
does this affect your conclusion. 

c. Please include the results of your sensitivity experiments (L130) in the 
supplementary materials. 

d. While Sect. 2.4.2 introduces the GAMLSS model, it lacks the detail on how 
WRF results are used in this model. The authors may include suitable 
examples when explaining the proposed approach. For example, how are the 
daily temperature and precipitation or the identified CCEs used in the model? 

e. L158-159: “we fit non-stationary GAMLSS models with two parameters 
(mean, variance) and four parameters (mean, variance, skewness, kurtosis) 
at each grid point, selecting the optimal model for subsequent analysis.” 
What is the difference between the mean and variance in the first mention 
(two parameters) and in the following (four parameters)? And how are the 
changes between the current and future CCE frequency estimated and in 
what unit/form? 

6. Please describe in the methodology how metrics such as annual event distribution, 
seasonal variations, and non-stationary characteristics were calculated. 

7. In Fig. 3 (a-j), do the annual spatial values refer to the mean yearly event number 
over 2025-2065? What does d/10a mean? 

8. When looking at the temporal changes in CCEs (Fig. 3 k-o), it is interesting to see the 
projections for two SSPs sometimes show a completely different year-to-year trend. 
For example, for hot-dry events, the value in blue increases from 2032 to 2033 while 
the red one decreases. There are also similar discrepancies for different years and 
different compound events. Is there an explanation for this?  

9. Similar to my earlier comment, if you did not consider the same CCE occurring 
across cells. Be careful with drawing conclusions from the averaged days as you 
may double count some events. 



10. For showing the seasonal variations, I was wondering would it be better to compare 
the event number/frequency between different seasons for a given CCE, instead of 
presenting results for all four CCEs for a given season.  

11. How were the return periods calculated? 
12. I find the discussion section relatively weak, as certain findings lack sufficient 

reasoning or possible explanations. Furthermore, the biases in precipitation 
simulation are considered as a key limitation of this study. How big are the 
influences of these biases on your findings? Do you consider using bias-correction 
methods in the future studies? 

Minor comments 

1. L29: Write out 3.55d/10. 
2. L32: Define stationarity. 
3. L55: considering rephrasing the sentence into Therefore, traditional models fail to 

capture the non-stationary changes in these extreme events. 
4. In L71, the WRF model appears rather abruptly. Please introduce its relation with the 

RCMs.   
5. Similarly, in L78, please add how GAMLSS and WRF fit in here. While introducing the 

objective of this paper, the authors should mention what types of CCEs they are 
looking into. 

6. Please add references to support the statement ‘complex interactions between 
topography and climate give rise to high-intensity compound hydroclimatic 
extremes.’ (L81-82). 

7. Define non-stationarity detection (L85). 
8. L109, write out ERA5 if it is the first use. 
9. Provide the names and associated details of the 18 models used in your dataset. 
10.  In Fig. 2, please consider using another color for the meteorological stations as they 

are sometimes hard to tell due to the elevation data. 
11. When referring to the figures, please use Fig. instead of Figure to make sure it is 

consistent with the captions.  

 


