
1.Motivation: 

  Seismogeodesy

• Traditionally, tsunami early warning relies on moment 

magnitude (Mw) and broadband P-wave moment magnitude 

(Mwp) estimates based on regional to teleseismic body 

waves beyond epicentral distances of ~5°.

• The associated Mw estimation time is inadequate for coastal 

populations residing closer to big earthquakes (Mw > 8). 

• Combining GNSS and collocated strong-motion data:

• Unclipped broadband velocity and displacement 

waveforms with a seismic trigger that are sensitive to the 

entire spectrum of ground motions (seismogeodetic)1,2.

• Previously developed approach3 - Golriz2023 restricted to 

P-waves propagation suitable for thrust earthquakes but 

not for other mechanisms.

2. Theory
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3. Results

3. Data Analysis

(a) Strike-slip and normal fault earthquakes 

I. New Method with and without Radiation Pattern (RP) Correction vs. Previous Method (Golriz2023)

(b) Thrust earthquake

Intermediate and far field terms of the radial component of 

the horizontal motion (h) adopted from 4,5:

II. Spatial and Temporal Performance – No RP Corrections Suitable for Real Time Implementation  
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We approximate ሶ𝑀0 as a backward difference:

Where:
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𝐀𝐈𝐏 = 4 sin2θ cosϕ റr  −  2 cos2θ cosϕ θ

𝐀𝐈S = −3 sin2θ cosϕ റr  +  3 cos2θ cosϕ θ

𝐀𝐅𝐏 = sin2θ cosϕ റr 

𝐀𝐅𝐒 = cos2θ cosϕ θ .

We assume no radiation pattern corrections for real time 

implementation:

(AIP = AI𝑆 =  AFP =  AFS =  1)

Seismogeodetic magnitude (Mwg) estimates for (left): strike-slip, normal, and (right): thrust fault earthquakes. Marker shapes denote fault type 

(strike-slip = circles, normal = triangles, thrust = squares). Colors indicate methods. The solid line marks the 1:1 relation with reported Mw, and 

dashed lines show ±0.2 IQR.

Extend a physics-based seismogeodetic approach for 

moment magnitude estimation ( 𝑴𝒘𝒈 ) developed for 

thrust earthquakes to other fault mechanisms
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→ 𝑀𝑤𝑔with an accuracy of ±0.2 units, for most of the strike-slip events, without RP corrections.

→ RP corrections offer substantial benefits for normal and thrust faulting events. Golriz2023 performs better.

→Larger discrepancies observed for events with sparse near−source coverage/complex rupture behavior.

→ Most events stabilize within 100–150 seconds despite having a low coverage (≤ 5 stations).

Seismogeodetic magnitude (Mwg) estimates without RP corrections for seven strike-slip and two normal earthquakes (Table). 

(Left): Station-level estimates, with red indicating overestimates and blue underestimates. (Right): Time evolution of event magnitudes; 

gray = individual stations, red = event medians (±IQR), black dashed lines = GCMT magnitudes.

III. Stand-Alone GNSS with an Interpolated Coseismic Window 

Supplement the Collocated Stations 

(b)

→ 𝑀𝑤𝑔 within ±0.2 units of the collocated estimates in most cases

→ The estimates tend to be slightly lower than collocated station-based 

4. Conclusion - Unified Approach to Earthquake and 

Tsunami Early Warning 

(a) Seismogeodetic magnitude (Mwg) estimates for strike-slip, 

and normal fault earthquakes,  supplemented by the stand-

alone GNSS with a coseismic window interpolated form 

collocated stations and accelerometers. (b) Station-level 

estimates, with red indicating overestimates and blue 

underestimates.

• New algorithm performs well for strike-

slip events without RP corrections. 

• Largely underestimates normal and thrust 

earthquakes if RP corrections not applied.

• Golriz2023 suits thrust events but 

overestimates strike-slip/normal.

• Obtaining radiation patterns in real time is 

challenging, Golriz2023 preferred for non-

strike-slip earthquakes.

• An integrated workflow for rapid 

magnitude estimation, which leverages 

tectonic context (Slab2 geometry) to 

inform model selection.

• Offers a viable and efficient solution for 

operational use, in both earthquake and 

tsunami early warning systems. 
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