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Data
● Macroseismic intensity vs instrumental

– Data quantity vs conversion

● Modern vs historical

– Consistency

– Prospective data



Data (this study)

● DYFI (intensity)

● ShakeMap (synthetic)

● ShakeMap stations (instrumental)

● 2000-2013

Data What Quantity Observational

DYFI (Did You Feel 
It?)

Macroseismic 
intensity

A lot Yes, but conversion

ShakeMap Modelled ground-
motion

Quite many Somewhat

ShakeMap stations Instrumental 
ground-motion

Note quite 
many (CA only)

Yes



DYFI 2000-2013 ZIP30





Framework
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Site-specific vs aggregated
● Idea: site-specific

– Rule of thumb (Mak et al., 2014, SRL): power >90% if:

● Data collection period = Return period

● Actual occurrence rate > 7x modelled rate

● Practical: aggregated

Stirling and Gerstenberger (2010)



Counting
● Total: how many ground-motions that has 

exceeded a certain level.

● Binary: how many locations that has experienced 
at least one ground-motion of a certain level.

NSHM2014
2% in 50 yr



Counting (example)

● 10 locations, each has an 
annual rate of 0.2

● Total count: expected total 
ground-motions: 2

● Binary count: expected 
total locations with 
exceedance: 2 (~1.81)
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Outline of Results
● Result for CA

– Dependent observations

– Divide into spatial subregions

– Divide by hazard level

● Result CUS



DYFI ShakeMap

Instrumental

Region: California
Counting: Total
755 ZIPs
345 SMsts



Instrumental

ShakeMap

Region: California
Counting: Binary
755 ZIPs
345 SMsts



Dependent Observations



Region: California
Counting: Total
44 ZIPs
52 Smsts
50km-separation

DYFI ShakeMap

Instrumental



Region: California
Counting: Binary
44 ZIPs
52 Smsts
50km-separation

Instrumental

ShakeMap



DYFI 2000-2013 ZIP30



Region: NCA
Counting: Total
273 ZIPs
128 SMsts

DYFI ShakeMap

Instrumental



DYFI ShakeMap

Instrumental

Region: SCA
Counting: Total
482 ZIPs
217 SMsts



Subregion by Hazard Level

● Used in early studies (McGuire, 1979; McGuire 
and Barnhard, 1981; Ward, 1995).

● E(o|f) = f

● “Calibration” in weather forecast verifications.



Region: California
Counting: Total
PGA>0.145 g

DYFI ShakeMap

Instrumental



Summary

● Three data sets (DYFI, ShakeMap, 
instrumentals) give consistent results.

● Robust result: NSHMs lies on the safe side at 
high PGA (>0.1 g) levels.

– Site effects are ignored.

● Observed more weak ground-motions than 
predicted by total counting but not binary 
counting.

– Aftershocks, small earthquakes.



DYFI ShakeMap

Region: EUS
Counting: Total
ZIPs: 2044



DYFI ShakeMap

Region: EUS
Counting: Total
ZIPs: 2044



CSEP/GEM testing
GMPE (Japan and NZ)



Region: NCA
Counting: Binary
273 ZIPs
128 SMsts

Instrumental

ShakeMap



Instrumental

ShakeMap

Region: SCA
Counting: Binary
482 ZIPs
217 SMsts



ShakeMap

Region: EUS
Counting: Binary
ZIPs: 2044
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