
 

 
 
R1_C1: The genetic algorithm highlights volumetric water content, bulk density, and 
parameters related to the soil water retention curve as influential features. In Section 6, 
please add a brief physical interpretation of how these variables relate to infiltration, near 
surface saturation, and pore pressure response, and clarify their relevance to rainfall 
triggered slope initiation. 
 

A: Thanks for this observation. Now, we have improved the physical interpretation 
of our findings in the third paragraph of 6.1. 

 

Added paragraph: 
 

A physical interpretation of these findings in the Southern Andes suggests 
that the initiation of RIL in the study zone depends not only on rainfall 
magnitude, but also on the transient hydrological evolution of the soil 
profile being consistent with previous studies (Somos et al., 2020; 
Maragaño-Carmona et al., 2025; Ochoa et al., 2025). Volumetric water 
content in the first layer (0-5cm) provides information on antecedent 
wetness and remaining storage capacity (Nielsen et al., 2019; Peranić et 
al., 2022), while bulk density conditions the pore structure, compaction 
state, and permeability that regulate how water is absorbed and 
redistributed (Barnhart et al., 2025). The parameters related to the soil 
water retention curve define how moisture changes are translated into 
suction loss, thereby controlling the transition from unsaturated to 
near-saturated conditions (Oh et al., 2015). Together, these variables 
describe the sequence through which rainfall infiltrates, storage capacity is 
progressively exhausted, matric suction is reduced, and pore pressure 
response becomes more likely. Monitoring these features in operational 
monitoring networks could provide a physically meaningful framework for 
tracking slope destabilization, because it allows the identification of the 
progression from early infiltration to near-surface saturation and, 
eventually, to the hydromechanical conditions that favor shallow slope 
initiation. Rather than acting as isolated predictors, these variables 
collectively could represent the physical slope response during rainfall 
events, offering support for process-based interpretation and early 
warning applications if in the future this features are monitored or 
constrained in high susceptible areas. 

 

 
 
R1_C2: The manuscript states that key genetic algorithm settings, such as the crossover 
and mutation probabilities, were chosen by trial and error. For reproducibility, please  
 



 

report the tested ranges or candidate sets and the selection criterion, and briefly note 
whether multiple independent runs or other measures were used to reduce the risk of 
premature convergence or local optima. 
 
 
 

Original text: 
Finally, we implemented an operator to maintain a record of the best individuals across generations, ensuring 

that high quality solutions are preserved throughout the evolutionary process. The crossover (PCros), mutation 

(PMut) and flip (PFlip) probabilities were set in a trial and error method where each evolution was performed with 

different values and the best fitness defined which probabilities were the best ones. The genetic algorithm was 

then executed several times. 
 

Modified text: 
 
Finally, we implemented an operator to maintain a record of the best individuals across generations (set to the 

four best individuals), ensuring that high quality solutions are preserved throughout the evolutionary process. 

The crossover (PCros), mutation (PMut) and flip (PFlip) probabilities were set in a trial and error method by 

exploring values in the range of 0.2 to 0.9, with increments of 0.1, where each evolution was performed with 

different values and the best fitness defined which probabilities were the best ones. The genetic algorithm was 

then executed multiple independent runs to reduce the risk of premature convergence or local optima. 
 
 
 
 
R1_C3: In Figure 8, the y axis feature labels are difficult to read at normal viewing size. 
Please increase the font size or adjust the layout to improve readability. 

A: We adjusted the font resolution and layout to improve readability of the 
features in the Y-axis. Thanks for this observation. 
 
Original Figure 



 

 

 
Modified Figure 
 



 

 

 
 
R2_C1: 1. Eq. 1: Please check the writing of this equation. The summation operator 
appears to be rendered incorrectly as an "X" rather than Sigma. I suspect this may be a 
printing error. 

A: Yes, there was an error in the equation format. This was corrected. 
 
Original form: 

C 

​ Gini = 1−Xp2
k

​ k=1 
 
Modified form 

​  
 

 
R2_C2: Fig. 8: In the response file to the previous reviews, the authors suggested that 
Figure 8 would be eliminated. However, the figure remains in the revised manuscript. 
Why?  



 

A: We thought it was important to show the Genetic Algorithm's search process, 
in which some variables become dominant very early and remain dominant 
throughout the process, such as PP, Slope, and Vmoist. But we can reverse our 
decision if the reviewers consider that Figure 8 should be removed. 

 
R1_C3:  Section 3: In the sentences beginning with "We used an approach to establish 
the critical…" and ending with “…the full spectrum of lithological and climatic features 
within the study area,", what is exactly the approach used for the preparation of the 
dataset? Are you referring to the series of operations detailed in the subsequent 
paragraph? I suggest explicitly introducing this approach at the beginning of the section, 
which may help readers to understand the specific steps taken to prepare the dataset. 
 

A: We modify the text to explain the dataset preparation. Now, the text become 
more assertive. 
 
Original text: 

 We used an approach to establish the critical conditioning factors that could be systematically 

captured and quantified, thereby providing a solid empirical foundation for subsequent 

machine learning-based risk assessments. The construction of the database was guided by 

constraining the data to high quality, considering the exact emplacement of the landslide and 

the date it occurred. This constrains the compiled dataset to ensure an extensive temporal 

distribution and high spatial consistency across the full spectrum of lithological and climatic 

features within the study area. 
 

Modified text: 
 

We used an approach to identify critical conditioning factors that could be systematically 

captured and quantified, providing a solid empirical foundation for subsequent 

machine-learning-based risk assessments using soil features extracted from high-resolution 

Chilean databases via pixel-to-point processing (Dinamarca et al., 2024). The generated 

database enabled constraining the soil features to the exact emplacement of the landslide and 

its date, considering the lithological and climatic features within the study area.  


