
F2: Corrections using nearby M1.4–1.6 calibration events. This is 
analogous to Shearer et al. (2022), and corrects for station and path 
effects. Calibration events are within 2km vertically of target event.±
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Earthquakes of similar magnitude can cause different amounts of shaking. These differences 
reflect varying earthquake source characteristics, which is critical for studying hazard. Stress drop 
( ) is related to the amount of damaging high-frequency radiation, but their estimates often have 
large uncertainties (see Baltay et al., 2024). 

For earthquakes of similar size, variation in ground motion is due to the relative amount of 
high-frequency energy compared to low-frequency. We define a parameter  to quantify this: 

 
where  is the high-frequency spectral amplitude and  is the low-frequency spectral amplitude 
(F2). We correct for station, path, and magnitude effects to obtain the normalized frequency index, 

, which quantifies an earthquake’s high-frequency output relative to the average of nearby 
M1.5 calibration events. 

We have recently published our results applying this method to P- and S-wave spectra from the 
2019 Ridgecrest earthquake sequence (Vandevert et al., 2026, accepted). Here, we apply this 
method to P-waves from over 750,000 California earthquakes over a 30-year period and present 
our preliminary findings.

Δσ

log β
log β = log AHF − log ALF

AHF ALF

nFI

Why do earthquakes differ from each other?
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Takeaways

Step 1: Compute  
for all seismograms

log β

F1

• We compute P-wave , a metric that quantifies an earthquake’s relative high-frequency energy, for 30 years of 
California seismicity. 

•  has coherent spatial variation on a statewide-scale (F4) and local scale (F9, F10, F11, F12) 
•  increases with depth, even when excluding shallow geothermally-active regions (F7) 
•  is low in geothermally-active regions (F7, F8, F9), including areas with mapped volcanic vents (F10) possibly due to a 

combination of higher ductility and presence of fluids 
• Faults with more recent slip have lower  (F6), suggesting less healing time, weaker fault strength, and lower stress drop. 

nFI

nFI
nFI
nFI

nFI

F1:  and  are computed as the 
median amplitude of bands 1-5 Hz and 
12-20 Hz. Similar to the frequency index 
(FI, Buurman et al. 2010).

ALF AHF

How does it work?

20 km

Step 2: Correct for station and path effects to obtain , 
which is measured relative to nearby “calibration” events

Δ log β

F2

Δ log βj = mediank (log βij − log βkj)

Δ log β = medianj (Δ log βj)

Station j

Event i

Calib.  
events k

California results display large-scale spatial variation

F4: Spatial distribution of nFI for earthquakes larger than M2. Earthquakes with nFI estimates shown as color dots (N=97,951). Earthquakes without nFI estimates are 
shown as black dots (N=63,779). Total earthquakes in catalog larger than M2: 161,738.

Step 3: Correct for magnitude dependence to get : fit a smoothed 
empirical correction to  vs. magnitude, and subtract from all events

nFI
Δ log β

Uncorrected station/path 
effects —> high scatter 

Scatter = relative 
source variation 

After station/path correction: 
less scatter, but magnitude 

dependence remains F3

F3: For the entire California dataset, (left) uncorrected  (similar to FI); (middle) station- and path-corrected ; 
and (right) nFI. Magnitude correction is done separately for NCEDC and SCEDC events.

log β Δ log β

Abstract

F4

F7

F10: Low-average  inside the Long Valley 
Caldera (-0.08), high-average outside (0.06). 
Black line indicates the Ring Fault along the 
edge of the caldera, grey lines indicate mapped 
faults, orange triangles are volcanic vents.

nFI

F7:  correlates with some geophysical parameters: (left) sharp nFI gradient in shallow layers, followed by slightly 
increasing  with depth. Red markers denote bin median when excluding Geysers geothermal field events; (right) 

 is low in regions with high heat flow. Black markers indicate medians, whiskers indicate standard error.

nFI
nFI

nFI 2 ×

nFI correlates with some geophysical parameters

nFI is low in geothermally-active regions with high heat flow

Geysers

Mammoth  
Lakes

Coso

Salton Sea
San Jacinto  
Fault Zone

nFI can correlate with local 
geology and volcanism

Faults with more 
recent slip have lower 

 on averagenFI

F10:

F8

F8: Distribution of nFI and their median values for the entire dataset, 
earthquakes near geothermal wells, and earthquakes near the San Jacinto 
Fault Zone

F6: Fault nFI computed as the average nFI 
of nearest events (N>10) within 1km 
(USGS Quaternary Faults Database, 2004). 
Strike-slip only. Shorter recurrence interval 
suggests weaker fault strength and lower 
stress drop, therefore less high-frequency 
energy (Abercrombie 2014).

F6

py-nfi on  
GitHub

Try it on your 
dataset!

F5: Southern California stress drops 
(Shearer et al. 2022) correlate with 
nFI

Stress drop ( ) is an 
indirect measure of relative 
high-frequency content and 
correlates with 

Δσ

nFI

Sharp increase is largely from the 
shallow Geysers geothermal field.

Gradual increase possibly 
due to increasing temperature 
and compressive stress at 
depth (Abercrombie 2021)

Earthquakes produce relatively 
less high-F energy, possibly due to 
higher heat causing more easily-
deformed rocks (Hauksson 2015)

Geothermal regions
F5

Volcanic 
vents

High 
nFI

Low 
nFI

Ridgecrest

Hector Mine

Hector Mine sequence
F12: Seismicity near the 1999  
M7.1 Hector Mine earthquake

Only |nFI|>0.11 shown for clarity

F11 : Seismicity 
near the 2019  
M7.1 Ridgecrest 
earthquake. Slip 
model contours 
from Wang (2020).

Ridgecrest sequence

Only |nFI|>0.11 
shown for clarity

F9: Three geothermally-active regions: Geysers, Coso, and the Salton Sea, 
produce earthquakes with relatively less high-frequency energy. Yellow blobs 
show locations of geothermal wells.
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Low nFI could be associated 
with geothermal fluids and 
movement (Buurman et al. 2010)

High heat = reduced rock 
strength and increased 
ductility (Amitrano 2003)

Consistent with low  
in regions with high heat 
flow (Haukkson 2015)

Δσ

F9 F10

nFI exhibits smaller-scale spatial 
variation within aftershock sequences 

and high-seismicity regions
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