
 ORCA – Online Research @
Cardiff

This is an Open Access document downloaded from ORCA, Cardiff University's institutional
repository:https://orca.cardiff.ac.uk/id/eprint/179027/

This is the author’s version of a work that was submitted to / accepted for publication.

Citation for final published version:

Utley, Isabelle, Hales, Tristram , Hussain, Ekbal and Fan, Xuanmei 2025. Transformations in exposure to
debris flows in post-earthquake Sichuan, China. Natural Hazards and Earth System Sciences 

Publishers page: 

Please note: 
Changes made as a result of publishing processes such as copy-editing, formatting and page numbers may
not be reflected in this version. For the definitive version of this publication, please refer to the published

source. You are advised to consult the publisher’s version if you wish to cite this paper.

This version is being made available in accordance with publisher policies. See 
http://orca.cf.ac.uk/policies.html for usage policies. Copyright and moral rights for publications made

available in ORCA are retained by the copyright holders.



Transformations in Exposure to Debris Flows in Post-Earthquake Sichuan, China 

 

Isabelle Utley1 , Tristram Hales1 , Ekbal Hussain2 , Xuanmei Fan3  

 

[1] School of Earth and Environmental Sciences, Cardiff University, Cardiff, CF10 3AT, UK.  

[2] British Geological Survey, Keyworth, Nottingham, NG12 5GG, UK 

[3] State Key laboratory of Geohazard Prevention, Chengdu University of Technology, Chengdu, 

China 

 

Correspondence to: Isabelle E.K Utley (utleyieu@gmail.com)   

This supplementary material provides additional visual and methodological support for the damage 

assessment discussed in the main manuscript (lines 375 to 401). It includes six satellite images, two for 

each of the three study catchments, capturing the landscape before and after major debris flow events. 

Each image pair highlights the spatial extent of inundation and damage to the built environment. 

Inundated zones are shaded in brown, and image annotations include notable infrastructure – 

infrastructure, hydrological receptors, sediment deposition etc. These supplementary figures and 

methods are intended to enhance the transparency and reproducibility of the analysis presented in Figure 

5 of the manuscript. 

 

Figure S1. Pre- and post-debris flow event satellite imagery of Cutou Gully (© Google Earth 2019). 

Satellite images showing the catchment area of Cutou Gully (i) before and (ii) after the debris flow 

event of 2019. Areas of debris flow inundation are highlighted in brown. Notable features include 

damage to built structures, scarring and erosion within the channel, and sediment deposition. Image 

interpretation supported the classification of affected areas as damaged, reconstructed, or newly 

developed, as outlined in the methodology and aided Figures 5 and 6 of manuscript. Satellite data 

sourced from Google Earth (2023). 

 

 



Figure S2. Pre- and post-debris flow event satellite imagery of Chediguan Gully (© Google Earth 2019). 

 

Satellite images showing the catchment area of Chediguan Gully (i) before and (ii) after the debris flow 

event of 2019. Areas of debris flow inundation are highlighted in brown. Notable features include 

damage to built structures, scarring and erosion within the channel, and sediment deposition. Image 

interpretation supported the classification of affected areas as damaged, reconstructed, or newly 

developed, as outlined in the methodology and aided Figures 5 and 6 of manuscript. Satellite data 

sourced from Google Earth (2023). 

 

Figure S3. Pre- and post-debris flow event satellite imagery of Xiaojia Gully, (© Google Earth 2011). 

 

Satellite images showing the catchment area of Xiaojia Gully (i) before and (ii) after the debris flow 

event of 2011. Areas of debris flow inundation are highlighted in brown. Notable features include 

damage to built structures, scarring and erosion within the channel, and sediment deposition. Image 

interpretation supported the classification of affected areas as damaged, reconstructed, or newly 

developed, as outlined in the methodology and aided Figures 5 and 6 of manuscript. Satellite data 

sourced from Google Earth (2023). 
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