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800 meters
Near field data
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Acceleration and Velocity waveforms 

Velocity waveforms 
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Inversion and Optimization Method

The unconstrained, nonlinear 
Powell’s optimization 

algorithm 
(Powell, 1983; Tonel, 2020)
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INPUT: 
1. Acceleration waveforms 

recorded at IOCA station

2. Velocity Model (4 layers)
(Capuano et al., 2015)

OUTPUT: 12 Variable Parameters

1. Magnitude → 1

2. Modified Velocity Model (Tickness of the 
shallow layer, Vp and Vp/Vs) → 3

3. Location of the event (Depth, Epicentral distance 
and Azimuth with respect to IOCA) → 3

4. Focal Mechanism (Strike, Dip and Rake) → 3
5. Moment magnitude distribution 
6. Direction of rupture propagation
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Assumptions:
1. Point-Source and Extended-Source (Line) approaches
2. Circular grid search around IOCA station
3. Forward Modeling and Inversion (Newton and Powell)
4. Qualitative (Fitting the waveforms)
5. Quantitative (Cust Functions: RMSD and Correlation Coefficient)

Inversion and Optimization Method

Flowchart
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INPUT 

Point Source 
Approximation

Data: Velocity waveforms
Frequency Range: 0.05-
0.5 Hz
Method: Powell’s 
Inversion algorithm and 
Forward modeling
Search Area: Circular grid 
search around IOCA 
station

PART B: 
Medium effect

Time Window: 4 s

OUTPUT:
• Velocity Model

Thickness
Vp and Vp/Vs

PART A: 
Source effect

Time Window: 2 s

OUTPUT: 
• M0 and Magnitude
• Source mechanism

Strike, dip and slip
• Location: 

Depth, Azimuth and 
Epicentral distance.

Acceleration waveforms (IOCA station)
Velocity Model (4 layers)

Source time function: triangular, Half-duration: 
0.5 s

Finite Dimension 
Fault Model

Data: Velocity waveforms
Frequency Range: 0.05-3 
Hz
Method: Powell’s 
Inversion algorithm
Rupture Process: bilateral 
and unilateral
Time Window: 4 s
Extended source 
structure: Line with 4-
point sources

OUTPUT:
• Moment magnitude 

distribution 
• Direction of rupture 

propagation

Inversion and Optimization Method

Flowchart
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Black→ Observed waveform, IOCA

Red→ Best point at Az:270, 
Distance:600 m 

Gray→ For the other point 
sources as some examples

Output of the Powell’s Inversion codes, 
POINT source

Black beach-balls→ Initial focal 
mechanisms
Green beach-balls → Final focal 
mechanisms

Point-Source Approach, Location & Focal Mechanism 
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Line-Source Analysis, Rupture Propagation 
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Output of the previous 
Step: Point Source 

Approach
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historical events 

IOCA

OUTPUT:
• Magnitude: 4.2

• Velocity Model 6 layers(Tickness of the shallow layer: 
75 cm, Vp and Vp/Vs: 1.8) 

• Location of the event (Depth: 1.1 km, Epicentral distance: 
600 m and Azimuth: 270◦ with respect to IOCA) 

• Focal Mechanism (Strike 115, Dip 55 and Rake 145)
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