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Pareto—MOPSO joint inversion (MT + RWD)

Pseudo-code flow for 1-D joint inversion using
MT apparent resistivity+phase and Rayleigh-wave dispersion curves

1) Define inputs & parameterization
m = [logl0(pl...pN), log10(Vs1..VsN),

log10(h1...hN-1)]. Set bounds, swarm size, max Objectives (3-D Pareto space)
iterations, mutation rate, and grid size. MT misfit:
&(MT) = || (log10 pa_obs - log10
2) Initialize swarm pa_pred)/fp ||*+ || (¢_obs - ¢_pred)/dp| |2
Sample particles uniformly within bounds; set RWD misfit:
velocities. Evaluate objectives and $(RWD) = || (cR_obs - cR_pred)/ac ||

initialize Pareto repository (non-dominated Smoothness:

set). dc=% |V loglOop| +Z |V logl0 Vs|

!

-
+

3) Evaluate objectives (per particle)

Run MT - (pa,) and RWD-> cR(f)
Compute MT misfit, RWD misfit, and smoothness

4) Update Pareto repository

Merge swarm + repository; keep non-dominated
solutions. Assign grid indices; prune crowded
cells to preserve diversity.

.

5) Select leaders
Select leaders from sparsely populated grid

cells {roulette). Each particle follows one
leader from the repository.

-

6) Update particles (constriction PSO + mutation)
v & x[ v +cl rl(pbest-x) + c2 r2(gbest(leader)-x) ]; x
& x+v. Mutate with probability pm; enforce
bounds; update pbest via dominance.

L No

Stop? »
maximum iteration number or minimum error criteria is reached?
7) Output representative solutions

Return Pareto front, Utopia (closest to (0,0)
after normalization), Compromise (knee/score),
uncertainty (P10-P90 bands), ensemble uncertainty:
P10-PS0 computed depth-wise over the
Pareto set.

Figure S1. Flowchart (pseudo-code) of Pareto-MOPSO joint inversion (MT+RWD).
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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) p(z) and f) V4(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.
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Figure S3. Results of noise-sensitivity example for the 109% noisy-coupled case. a) Apparent resistivity, b) Phase data and
¢) RWD fit with the predicted responses of the selected representative solutions. d) Three-objective Pareto, highlighting the
utopia and compromise solutions. e) p(z) and f) V4(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.
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Figure S4. Results of noise-sensitivity example for the 40% noisy-coupled case. a) Apparent resistivity, b) Phase data and
¢) RWD fit with the predicted responses of the selected representative solutions. d) Three-objective Pareto, highlighting the
utopia and compromise solutions. e) p(z) and f) V4(z) models for the true model and the selected utopia and compromise
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solutions, together with the P10-P90 envelope and the Pareto-median profile from the repository.
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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) p(z) and f) V4(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.
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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) p(z) and f) V4(z) models for the true model and the selected utopia and compromise solutions,
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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) p(z) and f) V4(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.
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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) p(z) and f) V4(z) for the true model and the selected utopia solution, together with the P10-P90 envelope
and the Pareto-median profile from the repository.
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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) p(z) and f) V¢(z) for the true model and the selected utopia solution, together with the P10-P90 envelope
and the Pareto-median profile from the repository.
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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) p(z) and f) V¢(z) for the true model and the selected utopia solution, together with the P10-P90 envelope
and the Pareto-median profile from the repository.
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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) p(z) and f) V¢(z) for the true model and the selected utopia solution, together with the P10-P90 envelope
and the Pareto-median profile from the repository.
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Figure S12. Results of the KEp for h =8 layers. a) Apparent resistivity, b) Phase data and ¢) RWD fit with the predicted
responses of the utopia solution. d) Three-objective Pareto archive, highlighting the utopia solution. €) p(z) and f) V4(2)
models for the selected utopia solution, together with the P10-P90 envelope and the Pareto-median profile from the
repository.
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Figure S13. Results of the KEp for h =12 layers. a) Apparent resistivity, b) Phase data and ¢) RWD fit with the predicted
responses of the utopia solution. d) Three-objective Pareto archive, highlighting the utopia solution. €) p(z) and f) V4(2)
models for the selected utopia solution, together with the P10-P90 envelope and the Pareto-median profile from the
repository.
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Figure S14. Results of the KEp for h =16 layers. a) Apparent resistivity, b) Phase data and ¢) RWD fit with the predicted
responses of the utopia solution. d) Three-objective Pareto archive, highlighting the utopia solution. €) p(z) and f) V4(2)
models for the selected utopia solution, together with the P10-P90 envelope and the Pareto-median profile from the
repository.
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Figure S15. Results of the KEp for h =24 layers. a) Apparent resistivity, b) Phase data and ¢) RWD fit with the predicted
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Figure S16. Results of the KEp for h =28 layers. a) Apparent resistivity, b) Phase data and ¢) RWD fit with the predicted
responses of the utopia solution. d) Three-objective Pareto archive, highlighting the utopia solution. €) p(z) and f) V4(2)
models for the selected utopia solution, together with the P10-P90 envelope and the Pareto-median profile from the
repository.
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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. €) p(z) and f) V4(2)
models for the selected utopia solution, together with the P10-P90 envelope and the Pareto-median profile from the
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Figure S19. Results of the GBp for h =20 layers. a) Apparent resistivity, b) Phase data and ¢) RWD fit with the predicted
responses of the utopia solution. d) Three-objective Pareto archive, highlighting the utopia solution. €) p(z) and f) V4(2)
models for the selected utopia solution, together with the P10-P90 envelope and the Pareto-median profile from the
repository.
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Figure S20. Results of the GBp for h =24 layers. a) Apparent resistivity, b) Phase data and ¢) RWD fit with the predicted
responses of the utopia solution. d) Three-objective Pareto archive, highlighting the utopia solution. €) p(z) and f) V4(2)
models for the selected utopia solution, together with the P10-P90 envelope and the Pareto-median profile from the
repository.
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Figure S21. Results of the GBp for h =28 layers. a) Apparent resistivity, b) Phase data and ¢) RWD fit with the predicted
responses of the utopia solution. d) Three-objective Pareto archive, highlighting the utopia solution. €) p(z) and f) V4(2)
models for the selected utopia solution, together with the P10-P90 envelope and the Pareto-median profile from the
repository.



