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Global crustal strain rate model 
from horizontal geodetic data 
(v.2.1) (Kreemer et al., 2014)

Earthquake energy budget

Potential 
strain 
energy

EG: fracture energy
EF: frictional energy
ER: radiated energy

(Coffey et al., 2023)
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Earthquake energy budget 

(Coffey et al., 2023)

W = work
Σ = fault surface
Δu1 = final slip
Δv = slip velocity
t = time
σ0 = initial shear stress
σ = shear stress
σ1 = final shear stress 5

EG: fracture energy
EF: frictional energy

ER: radiated energy

Ma & Archuleta (2006)



Energy budgets for 2004 Sumatra earthquake models
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● Total energy scales with 
magnitude
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Energy budgets for 2004 Sumatra earthquake models

Mw9.3

Mw9.0

Mw9.4

Mw9.1

● All 4 earthquake 
models have the same 

energy budget 

● Total energy scales with 
magnitude



Energy budget for 2004 Sumatra earthquake

Energy 
Component

Observations
(Kanamori, 2006, 

Table 1)

Model - Sumatra 
Scenario 6

Mw 9.1 9.1

Seismic Moment 
(M0) 6.5 E+22 J 4.93 E+22 J

Total Work (Wt) n/a 4.23 E+18 J

Static Work (Ws) n/a 3.67 E+18 J

ER = Wt-Ws 3 E+17 J 5.60 E+17 J

ER/M0 4.6 E-6 1.14 E-05

● Models match ER in order 
of magnitude, but are 
almost twice as high

● High ER results in low 
ER/M0
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Cascadia scenario earthquake 
ruptures & energy budgets

Observations - 
Sumatra

Model - 
Sumatra

Model - 
Cascadia

Mw 9.1 9.1
Seismic 

Moment (M0) 6.5 E+22 J 4.93 E+22 J

Total Work 
(Wt) n/a 4.23 E+18 J

Static Work 
(Ws) n/a 3.67 E+18 J

ER = Wt-Ws 3 E+17 J 5.60 E+17 J

ER/M0 4.6 E-6 1.14 E-05

Harris et al. (2018)

→ Add 
off-fault 
plasticity

→ Evaluate different megathrust 
interface geometries Elston et al. (2025)

Harris et al. 
(2021)


