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We aim to develop a distributed seismicity model to forecast the long-

term (e.g., 100 years) spatial distribution of seismicity for the New

Zealand National Seismic Hazard Model (NZNSHM) update. The

distributed spatial rates combined with the rates on known fault sources

should provide a comprehensive representation of seismic sources for the

NZNSHM.

We have used time-invariant and time-variable inputs to fit the hybrid

models to 70 years of NZ earthquakes (1951-2020) with magnitudes M >

4.95, using a revised magnitude scale. The inputs and hybrid models are

defined on a spatial grid with 0.1 degree spacing. We aim to optimize the

information gain of hybrid models with respect to a spatially uniform

baseline model.
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Figure 3: IGPE of Hybrid Models for time-independent

fitting to 70 years of NZ data.

Multiplicative hybrid models help us to assess the relative value of

different data inputs, including information from fault studies, tectonics, the

earthquake catalogue and strain rate models for forecasting the long-term

spatial distribution of earthquake rates. Time-invariant inputs (covariates)

include Proximity to the Plate Interface (PPI), Proximity to Mapped Faults

weighted by slip rate (PMF), the Haines and Wallace (2020) maximum

Shear Strain rate (HWS) and the presence or absence of a mapped fault

in each cell (FLT).

Time-dependent inputs are smoothed seismicity using a variety of spatial

kernels and declustering methods. These are designed for fitting to seven

10-year windows with strict separation of contributing and fitting data.
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Figure 1: Spatial distribution of Covariates.
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Time-independent fitting
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Time-dependent fitting

For each hybrid model, the information gain per earthquake (IGPE) over the SUP baseline

Model, was calculated based on the change in the Akaike Information Criterion (AIC). 

❑ The most informative time-invariant

covariate over the 70 years is PMF,

followed by PPI, HWS and FLT.

❑ This contrasts with previous findings

that strain rates are more

informative than all other covariates

for forecasting ahead over one or

two decades.

So far, the best performing hybrid is a multiplicative combination of PMF,

HWS and a mixture of two smoothed seismicity models. The latter models

have Gaussian 50 km and power law spatial kernels, respectively. The final

selection of the distributed seismicity model(s) for the NZNSHM will depend

on a range of considerations, only one of which is the information gain.

▪ Consider different sub-periods (10 years) to include the

smoothed seismicity model in fitting over the same time-

period.

▪ Use a catalogue subset that excludes earthquakes during

that sub-period and a buffer (0,5 and 10 years) to create

the smoothed seismicity covariate for fitting the hybrid.

▪ Having fitted the parameters, we created the smoothed

seismicity covariate for each sub-period using the restricted

catalogue.

▪ Study effect of the buffer’s length on performance of hybrid

✓ 5 years is long enough to remove the clustering effect

but not too long to affect the fitting quality.

Mhybrid fitting 

period

Catalogue subset for 

smoothed seismicity

1. 1951-1960 1965-2020

2.  1961-1970 1951-1955; 1976-2020

3.  1971-1980 1951-1965; 1986-2020

4. 1981-1990 1951-1975; 1996-2020

5. 1991-2000 1951-1985; 2006-2020

6. 2001-2010 1951-1995; 2016-2020

7. 2011-2020 1951-2005

Reasenberg (1985)

Gruenthal (1985)

Gardner-Knopoff (1974) 

80781 events

355478 events

180652 events

Figure 4: Deculstering methods were applied to

the revised NSHM catalogue of 451665 events .

Hybrid performance with single and mixed smoothed seismicity models

❑We used zero buffer to

obtain PPE and Gaussian

50km smoothed seismicity

covariates from declustered

catalogue.

❑ Declustering improved the

hybrid performance with

either of smoothed

seismicity covariates.

❑ Declustering type did not

have a significant influence

on the hybrid performance.

❑ This can be explained by

the fact that the hybrid only

uses target events with

M≥5..

Moving forward 

AMC*:Amended magnitude catalogue

GK74**:Gardner-Knopoff (1974) declustering

GRUEN†:Gruenthal (1985) declustering

REASEN††:Reasenberg (1985) declustering

G50KM‡:Gaussian 50km smoothed seismicity

PPE‡‡:Proximity to past earthquakes smoothed seismicity

Mixed smoothed seismicity models 

❑ Conflation model: COV(PPE)* COV(G50KM) per cell 

❑ Average model: ave(COV(PPE),COV(G50KM) ) per cell

❑ Independent smoothed seismicity covariates
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1. Declustering method?
2. Smoothed 

seismicity covariate ?

3. Preferred hybrid 

model?

1. We will keep doing the

analysis with both original

(350 M≥5 events) and

declustered catalogues.

To obtain a clearer

understanding of the effect of

declustering we focus on the

Gruenthal method that

resulted in the least number of

total events (172 M≥5 events).

2. Mixing PPE and

Gaussian 50km smoothed

seismicity models resulted

in higher IGs when

combined with the base

model. We will also

consider the Helmstetter

adaptive kernel smoothed

seismicity as another

possible covariate.

3. Two criteria are

considered: (i) the

preferred model contains

dominating covariates

(with high IG when

combined with base

model). (ii) the total IG of

the model is the highest

or close to that of a model

with the highest IG.

Figure 2: Time-independent and time-

dependent fitting of all possible hybrid

models in combination with the baseline

model to 70 years of NZ data.

Figure 5: Spatial distribution of single and mixed smoothed seismicity covariates and

corresponding ratio plots (scaled to 10 events).

Figure 6: A favorite model for distributed seismicity

with conflation smoothed seismicity , PMF and HWS

covariates and corresponding spatial distribution.


