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Figure S1. Flowchart (pseudo-code) of Pareto-MOPSO joint inversion (MT+RWD). 

 



 

Figure S2. Results of noise-sensitivity example for the 5% noisy-coupled case. a) Apparent resistivity, b) Phase data and c) 

RWD fit with the predicted responses of the selected representative solutions. d) Three-objective Pareto, highlighting the 

utopia and compromise solutions. e) 𝝆(𝒛) and f) 𝑽𝒔(𝒛) models for the true model and the selected utopia and compromise 

solutions, together with the P10–P90 envelope and the Pareto-median profile from the repository. 



 

Figure S3. Results of noise-sensitivity example for the 10% noisy-coupled case. a) Apparent resistivity, b) Phase data and 

c) RWD fit with the predicted responses of the selected representative solutions. d) Three-objective Pareto, highlighting the 

utopia and compromise solutions. e) 𝝆(𝒛) and f) 𝑽𝒔(𝒛) models for the true model and the selected utopia and compromise 

solutions, together with the P10–P90 envelope and the Pareto-median profile from the repository. 



 

Figure S4. Results of noise-sensitivity example for the 40% noisy-coupled case. a) Apparent resistivity, b) Phase data and 

c) RWD fit with the predicted responses of the selected representative solutions. d) Three-objective Pareto, highlighting the 

utopia and compromise solutions. e) 𝝆(𝒛) and f) 𝑽𝒔(𝒛) models for the true model and the selected utopia and compromise 

solutions, together with the P10–P90 envelope and the Pareto-median profile from the repository. 



 

Figure S5. Results of layering-sensitivity example for the h=8 layers. a) Apparent resistivity, b) Phase data and c) RWD fit 

with the predicted responses of the selected representative solutions. d) Three-objective Pareto, highlighting the utopia and 

compromise solutions. e) 𝝆(𝒛) and f) 𝑽𝒔(𝒛) models for the true model and the selected utopia and compromise solutions, 

together with the P10–P90 envelope and the Pareto-median profile from the repository. 

 



 

Figure S6. Results of layering-sensitivity example for the h=12 layers. a) Apparent resistivity, b) Phase data and c) RWD 

fit with the predicted responses of the selected representative solutions. d) Three-objective Pareto, highlighting the utopia 

and compromise solutions. e) 𝝆(𝒛) and f) 𝑽𝒔(𝒛) models for the true model and the selected utopia and compromise solutions, 

together with the P10–P90 envelope and the Pareto-median profile from the repository. 

 



 

Figure S7. Results of layering-sensitivity example for the h=22 layers. a) Apparent resistivity, b) Phase data and c) RWD 

fit with the predicted responses of the selected representative solutions. d) Three-objective Pareto, highlighting the utopia 

and compromise solutions. e) 𝝆(𝒛) and f) 𝑽𝒔(𝒛) models for the true model and the selected utopia and compromise solutions, 

together with the P10–P90 envelope and the Pareto-median profile from the repository. 

 

 

 



 

Figure S8. Results of noise-sensitivity example for the 10% noisy-decoupled case#1. a) Apparent resistivity, b) Phase data 

and c) RWD fit with the predicted responses of the utopia solution. d) Three-objective Pareto archive, highlighting the 

utopia solution. e) 𝝆(𝒛) and f) 𝑽𝒔(𝒛) for the true model and the selected utopia solution, together with the P10–P90 envelope 

and the Pareto-median profile from the repository. 

 

 

 

 

 



 

Figure S9. Results of noise-sensitivity example for the 20% noisy-decoupled case#1. a) Apparent resistivity, b) Phase data 

and c) RWD fit with the predicted responses of the utopia solution. d) Three-objective Pareto archive, highlighting the 

utopia solution. e) 𝝆(𝒛) and f) 𝑽𝒔(𝒛) for the true model and the selected utopia solution, together with the P10–P90 envelope 

and the Pareto-median profile from the repository. 



 

Figure S10. Results of noise-sensitivity example for the 10% noisy-decoupled case#2. a) Apparent resistivity, b) Phase data 

and c) RWD fit with the predicted responses of the utopia solution. d) Three-objective Pareto archive, highlighting the 

utopia solution. e) 𝝆(𝒛) and f) 𝑽𝒔(𝒛) for the true model and the selected utopia solution, together with the P10–P90 envelope 

and the Pareto-median profile from the repository. 

 



 

Figure S11. Results of noise-sensitivity example for the 20% noisy-decoupled case#2. a) Apparent resistivity, b) Phase data 

and c) RWD fit with the predicted responses of the utopia solution. d) Three-objective Pareto archive, highlighting the 

utopia solution. e) 𝝆(𝒛) and f) 𝑽𝒔(𝒛) for the true model and the selected utopia solution, together with the P10–P90 envelope 

and the Pareto-median profile from the repository. 



 

Figure S12. Results of the 𝑲𝑬𝒑 for 𝒉 =8 layers. a) Apparent resistivity, b) Phase data and c) RWD fit with the predicted 

responses of the utopia solution. d) Three-objective Pareto archive, highlighting the utopia solution. e) 𝝆(𝒛) and f) 𝑽𝒔(𝒛) 

models for the selected utopia solution, together with the P10–P90 envelope and the Pareto-median profile from the 

repository. 



 

Figure S13. Results of the 𝑲𝑬𝒑 for 𝒉 =12 layers. a) Apparent resistivity, b) Phase data and c) RWD fit with the predicted 

responses of the utopia solution. d) Three-objective Pareto archive, highlighting the utopia solution. e) 𝝆(𝒛) and f) 𝑽𝒔(𝒛) 

models for the selected utopia solution, together with the P10–P90 envelope and the Pareto-median profile from the 

repository. 

 



 

Figure S14. Results of the 𝑲𝑬𝒑 for 𝒉 =16 layers. a) Apparent resistivity, b) Phase data and c) RWD fit with the predicted 

responses of the utopia solution. d) Three-objective Pareto archive, highlighting the utopia solution. e) 𝝆(𝒛) and f) 𝑽𝒔(𝒛) 

models for the selected utopia solution, together with the P10–P90 envelope and the Pareto-median profile from the 

repository. 

 

 



 

Figure S15. Results of the 𝑲𝑬𝒑 for 𝒉 =24 layers. a) Apparent resistivity, b) Phase data and c) RWD fit with the predicted 

responses of the utopia solution. d) Three-objective Pareto archive, highlighting the utopia solution. e) 𝝆(𝒛) and f) 𝑽𝒔(𝒛) 

models for the selected utopia solution, together with the P10–P90 envelope and the Pareto-median profile from the 

repository. 

 



 

Figure S16. Results of the 𝑲𝑬𝒑 for 𝒉 =28 layers. a) Apparent resistivity, b) Phase data and c) RWD fit with the predicted 

responses of the utopia solution. d) Three-objective Pareto archive, highlighting the utopia solution. e) 𝝆(𝒛) and f) 𝑽𝒔(𝒛) 

models for the selected utopia solution, together with the P10–P90 envelope and the Pareto-median profile from the 

repository. 



 

Figure S17. Results of the 𝑮𝑩𝒑 for 𝒉 =8 layers. a) Apparent resistivity, b) Phase data and c) RWD fit with the predicted 

responses of the utopia solution. d) Three-objective Pareto archive, highlighting the utopia solution. e) 𝝆(𝒛) and f) 𝑽𝒔(𝒛) 

models for the selected utopia solution, together with the P10–P90 envelope and the Pareto-median profile from the 

repository. 

 

 

 

 



 

Figure S18. Results of the 𝑮𝑩𝒑 for 𝒉 =12 layers. a) Apparent resistivity, b) Phase data and c) RWD fit with the predicted 

responses of the utopia solution. d) Three-objective Pareto archive, highlighting the utopia solution. e) 𝝆(𝒛) and f) 𝑽𝒔(𝒛) 

models for the selected utopia solution, together with the P10–P90 envelope and the Pareto-median profile from the 

repository. 

 

 



 

Figure S19. Results of the 𝑮𝑩𝒑 for 𝒉 =20 layers. a) Apparent resistivity, b) Phase data and c) RWD fit with the predicted 

responses of the utopia solution. d) Three-objective Pareto archive, highlighting the utopia solution. e) 𝝆(𝒛) and f) 𝑽𝒔(𝒛) 

models for the selected utopia solution, together with the P10–P90 envelope and the Pareto-median profile from the 

repository. 

 

 



 

Figure S20. Results of the 𝑮𝑩𝒑 for 𝒉 =24 layers. a) Apparent resistivity, b) Phase data and c) RWD fit with the predicted 

responses of the utopia solution. d) Three-objective Pareto archive, highlighting the utopia solution. e) 𝝆(𝒛) and f) 𝑽𝒔(𝒛) 

models for the selected utopia solution, together with the P10–P90 envelope and the Pareto-median profile from the 

repository. 

 

 



 

Figure S21. Results of the 𝑮𝑩𝒑 for 𝒉 =28 layers. a) Apparent resistivity, b) Phase data and c) RWD fit with the predicted 

responses of the utopia solution. d) Three-objective Pareto archive, highlighting the utopia solution. e) 𝝆(𝒛) and f) 𝑽𝒔(𝒛) 

models for the selected utopia solution, together with the P10–P90 envelope and the Pareto-median profile from the 

repository. 

 

 


