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Abstract We investigate the occurrence patterns of SSEs along the shallow (<15 km) portion of the
Hikurangi subduction zone. First, we build a manual catalog constraining timing and length of 92 SSEs between
2006 and 2024. Then, we investigate SSE occurrence patterns by fitting a renewal process, using Bayesian
inference to obtain the posterior distribution of model parameters. Our results show that SSE recurrence
intervals vary along the Hikurangi margin; less frequent SSEs occur in the southern part of the margin. The
periodicity of SSEs also changes along strike. SSEs in the northern part of the margin occur more regularly than
those at the central part. Finally, we do not find conclusive evidence that 2016Mw7.8 Kaikōura earthquake had a
lasting effect on SSE occurrence patterns.

Plain Language Summary Slow slip events (SSEs), which have slower velocities and longer
durations than regular earthquakes, have been detected at several subduction zones worldwide. Here, we
investigate the occurrence patterns of these events, that is how often they occur and how periodic is their
behavior, among other characteristics. We focus on SSEs that occur in the North Island of New Zealand, along
the shallow portion of the Hikurangi subduction zone, which marks the subduction of the Pacific Plate beneath
the Australian plate. First, we build a manual catalog of these SSEs and identify 92 events between 2006 and
2024. Using a statistical model for the timing and size of SSEs, we estimate characteristics such as the
recurrence interval and periodicity. Our results indicate that SSEs occur less frequently in the southern part of
the margin. We also find that they occur more regularly in the northern part of the margin. We examined the
occurrence patterns of SSEs before and after Kaikōura earthquake, which was a large (Mw7.8) earthquake that
struck New Zealand's northeastern South Island. However, we did not find conclusive evidence of a lasting
effect of the earthquake on SSE occurrence patterns.

1. Introduction
Slow slip events (SSEs) are transient episodes of aseismic slip with longer durations and slower slip speeds than
regular earthquakes. These events have been observed in various tectonic environments (e.g., B. Brooks
et al., 2006; Hirose et al., 1999; Rousset et al., 2017, 2019; Wei et al., 2009), but they are most commonly detected
in subduction zones (e.g., Dixon et al., 2014; Dragert et al., 2001; Fu et al., 2015; Graham et al., 2016). Perhaps the
most striking characteristic of SSEs, which sets them apart from regular earthquakes, is their occurrence patterns.
Ample evidence shows that SSE occur at fairly regular periods, with recurrence intervals ranging from tens of
days to several years (e.g., Nishimura, 2014; Radiguet et al., 2012; Takagi et al., 2019). Despite their regularity,
SSE recurrence period may vary along‐strike and/or along‐depth within a given subduction zone (e.g., Audet &
Bürgmann, 2014; Brudzinski & Allen, 2007; Fu et al., 2015; Takagi et al., 2019), and earthquake occurrence may
also affect their timing (Cruz‐Atienza et al., 2021; Ozawa, 2014). These characteristics suggest that SSE
occurrence patterns are far from simple.

Characterizing SSE occurrence patterns is fundamental to understand their behavior and to assess whether they
can be forecast. A quantitative description of SSE patterns is also necessary to detect anomalous behavior caused
by external factors, such as large earthquakes. Renewal processes are commonly used to model the occurrence
patterns of geological events, such as volcanic eruptions (Bebbington & Lai, 1996; Cruz‐Reyna & Carrasco‐
Núñez, 2002; Wang & Bebbington, 2012; Wang et al., 2022), large earthquakes (Matthews et al., 2002; Nomura
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et al., 2011; Ogata, 1999; Wang et al., 2024) and tectonic tremors (Ide & Nomura, 2022)—a phenomenon closely
related to SSEs (e.g., Beroza & Ide, 2011; Rogers & Dragert, 2003). A renewal process models event occurrences
in time, treating each new event occurrence as renewal in which the system is reset. It also assumes that inter‐
event times (i.e., the time between two consecutive events) are independent and identically distributed (Beb-
bington & Lai, 1996; Cruz‐Reyna & Carrasco‐Núñez, 2002). There are different types of renewal processes. For
events that occur periodically or in clusters, Gamma or Weibull distributions are commonly used (Wang
et al., 2024). In this work, we use renewal processes to characterize SSE occurrence patterns.

Our analysis focuses on SSEs located at the Hikurangi subduction zone, which marks the westward subduction of
the Pacific plate beneath the Australian plate (Figure 1). Here, SSEs have been detected at shallow (<15 km) and
deep (>20 km) depths along the plate interface (magenta contours in Figure 1). Shallow SSEs, located offshore
the east coast of the North Island, last from 1 week to a few months and have moderate‐to‐large magnitudes
(Mw5.9–7.0, Bartlow et al., 2014; Douglas et al., 2005; Wallace & Beavan, 2010; Woods et al., 2024). Deep SSEs
have longer durations (1–2 years) than their shallower counterparts (e.g., Wallace, 2020; Wallace & Bea-
van, 2010; Wallace, Beavan, et al., 2012, 2018). Previous work suggest that the recurrence intervals of shallow
Hikurangi SSEs vary along the margin (Wallace, 2020). However, these observations are limited due to an
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Figure 1. Main panel shows the tectonic setting of the Hikurangi margin. Magenta contours show cumulative slip (in mm) of
shallow and deep SSEs between 2002 and 2014 (Wallace, 2020). Orange triangles show the location of continuous GPS
stations from the GeoNet network. Labels are included for stations closest to the coast. Yellow arrows indicate the plate
convergence rate in mm/yr (Wallace, Barnes, et al., 2012). Dashed black lines are the depth contour (below sea level) of the
subducting plate interface (Williams et al., 2013). Black circles show the transect along which we project SSE detections
(Section 2). Dashed green horizontal lines indicate the segments into which the margin is divided, which correspond to
Tolaga Bay (TB), Gisborne (Gb), Hawkes Bay (HB) and Cape Turnagain (CT, Section 3.1). Red star shows the epicentral
location of 2016 Mw7.8 Kaikōura earthquake. Red lines show the surface traces of faults that ruptured in the earthquake
(Hamling et al., 2017). Inset, regional tectonic framework showing Pacific (PAC) and Australian (AUS) plates. HT stands for
Hikurangi Trough, MFS for Malborough fault system and AF for Alpine Fault.
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incomplete event catalog. Additionally, it remains unclear whether SSE occurrence patterns were affected by
2016 Mw7.8 Kaikōura earthquake, which struck New Zealand's northeastern South Island (red star in Figure 1)
rupturing more than 20 fault segments (thick red lines in Figure 1, after Hamling et al., 2017) and triggered
widespread slow slip along the east coast and beneath the southern North Island (Wallace et al., 2017, 2018).

In this study, we introduce a statistical method to investigate the occurrence patterns of shallow Hikurangi SSEs.
Note that we focus only on shallow SSEs, as only a few (<10) SSEs have occurred at deeper depths. Our study
will help to characterize SSE behavior in a quantitative way.

2. Constructing SSE Catalog
To create a catalog of shallow Hikurangi SSEs, we analyzed time series data of GPS stations from the GeoNet
network (orange triangles in Figure 1). Our analysis focuses on the period between 2006 and 2024, as few GPS
stations had been installed before 2006. Over this period, many SSEs have been identified in the shallow SSE
region (Bartlow et al., 2014; Delahaye et al., 2009; Ikari et al., 2020; Wallace & Beavan, 2010; Wallace &
Eberhart‐Phillips, 2013; Wallace et al., 2012a, 2018; Warren‐Smith et al., 2019; Woods et al., 2022, 2024). To
identify SSEs, we take advantage of the method developed by Ducellier et al. (2022), which uses wavelet analysis
to highlight SSEs in GPS time series. This approach is complemented by manual picking of SSEs start and end
times at GPS stations. An extended description of the methods to construct the catalog is given in the Text S1 and
Figures S1–S7 of Supporting Information S1.

The SSE catalog, comprising 92 events, is shown in Figure 2a. Since most SSEs are detected at several stations,
for simplicity, we only plot the earliest start time and latest end time for each event. In Figure 2a, we project the
extension of the SSEs along the transect straddling the east coast of the North Island (black points in Figure 1).
Note that the bottom and upper limits of each SSE correspond to the projected location along the transect of the
northernmost and southernmost GPS station that recorded an event.

3. Assessing SSEs' Recurrence Patterns
3.1. Model Setup

We used statistical analysis to characterize the occurrence patterns of shallow Hikurangi SSEs in the catalog
(Figure 2a). For simplicity, we only considered the start time of the SSE and its length. SSE length is defined by its
extension along the transect (Figure 2a), which is approximated by the maximum distance along the transect
between two GPS stations that detected an SSE. For SSEs that were only detected at one station, we assume that
the length is equivalent to the minimum length of an SSE in the catalog, which is 1.5 km.

To characterize the spatial variation of SSE occurrence patterns along the margin, we divided the margin into
different segments. The limits of the segments are defined based on the slip distribution of previous SSEs, which
suggests that the SSE rupture areas tend to be segmented into four regions (e.g., Wallace, 2020; Wallace, Beavan,
et al., 2012; Wallace et al., 2016, 2018). The extent of each segment is shown in Figure 1 (green dashed lines), and
correspond from north to south to Tolaga Bay, Gisborne, Hawkes Bay and Cape Turnagain segments. Note that
we considered alternative segmentation in Section 3.4. We do not include in the analysis SSEs occurring south of
Cape Turnagain segment (Figure 1), as very few SSEs (<3) have been detected in this region, where the plate
boundary is dominated by interseismic coupling (Wallace et al., 2004).

We classified SSEs into segments based on the following criteria. The SSE is assigned to the segments (a) where
the station that recorded the maximum displacement is located, (b) where at least 50% (ΔL) of the SSE length is
located, or where at least ΔL of the length of the segment slipped during the SSE. If either criterion (a) or (b) is
satisfied in more than one segment, the SSE is classified as a multisegment SSE. Figure 2b shows the classifi-
cation of SSEs into segments. In Section 3.4, we explore the sensitivity of the model results to variations in ΔL
threshold.

3.2. Marked Renewal Process

We modeled SSE occurrence using a marked renewal process, in which the start time of an SSE is treated as an
event occurrence and its length as a mark. SSE start time and SSE length are modeled independently, as empirical
analysis indicates that they do not seem to be correlated (Figure S8 in Supporting Information S1). To model

Geophysical Research Letters 10.1029/2025GL116605

PEREZ‐SILVA ET AL. 3 of 12

 19448007, 2025, 13, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2025G

L
116605 by M

assey U
niversity L

ibrary, W
iley O

nline L
ibrary on [29/07/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



SSEs, we consider the gamma distribution, as it is well‐suited for describing periodic event occurrences (Wang
et al., 2024). The intensity function describes the instantaneous rate of SSE occurrence with mark m at time t, as
follows:

δ(t,m) = δ(t)g(m) (1)

where δ(t) = f (t − s)/1 − F(t − s) is the intensity of a gamma renewal process with f (t) being the probability
density function, F(t) the cumulative density function of a gamma distribution, t the start time of the SSE and s the
start time of the last SSE before t. g(m) is the probability density function of SSE length, which also follows a
gamma distribution. For the ith segment:

Figure 2. (a) Start and end times of all SSEs (labeled by event number) identified in this study and their extent along the transect (black circles in Figure 1). (b) Same as
(a) but only showing start time and along‐transect extent of SSEs. Horizontal gray lines indicate the segment boundaries (Figure 1). Colors indicate the segment where
an SSE belongs, as shown in the legend, where TB, Gb, HB and CT stand for Tolaga Bay, Gisborne, Hawkes Bay and Cape Turnagain segments, respectively.
Multisegment SSEs refer to events that rupture more than one segment along the margin. SSEs 18 and 47 are not included in the analysis (see text for details). Black
arrows indicate the occurrence time of Mw7.8 Kaikōura earthquake.
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δi(t) ∼
λνii

Γ(νi)
tνi − 1e− λit gi (m) ∼

βαii
Γ(αi)

mαi − 1e− βim (2)

where Γ is the gamma function, νi > 0 and αi > 0 are the shape parameters, λi > 0 and βi > 0 the rate and scale
parameters, and i = 1, 2, 3, or 4 correspond to Tolaga Bay, Gisborne, Hawkes Bay and Cape Turnagain segments,
respectively. For SSE occurrence in time, the shape parameter ν controls the degree of clustering or periodicity,
with values below 1 indicative of clustering and above 1 of periodic behavior. The distribution of SSE lengths can
be characterized by the coefficient of variation (CV) of g(m), —given by 1/

̅̅̅
α

√
for a gamma distribution—which

indicates the level of dispersion of the distribution around the mean. A CV of g(m) larger than 1 indicates a large
dispersion of the distribution, values less than 1 point to low dispersion and a CV equal to 1 implies an exponential
distribution, where the standard deviation is equal to the mean. The ratios ν/λ and α/β describe the distribution of
the mean SSE recurrence time and the mean SSE length, respectively.

To compare the gamma distribution with alternative distributions (Weibull and lognormal), we used the
Watanabe–Akaike information criterion (Text S2 in Supporting Information S1). Our results indicate that the
WAIC of the Weibull distribution is close to that of the gamma distribution and could also be a suitable choice for
describing SSE occurrence (Table S3 in Supporting Information S1).

We used Bayesian methods to estimate the posterior distribution (PD) of the model parameters. A Markov chain
Monte Carlo (MCMC) algorithm generates samples from the joint PD of νi, λi, αi and βi, using software JAGS and
R2jags package in R (Su & Yajima, 2012). We used weakly informative truncated‐normal prior distributions for
the parameters νi, λi, αi and βi, where each followed a half‐normal distribution with a large variance,
N(0,10− 4)T(0, ). This choice is appropriate for small sample sizes (Gelman, 2006).

For the MCMC algorithm, we used three chains with 11,000 iterations, discarding the first 1,000 iterations as
burn‐in, and use a thinning rate of 20. The scale reduction factors of the Gelman‐Rubin convergence diagnostic
are all less than 1.02, indicating convergence (S. P. Brooks & Gelman, 1998; Gelman & Rubin, 1992).

3.3. Reference Model Results

To characterize SSE occurrence patterns, we considered two cases. For Case 1, we examined SSE occurrence at
each segment over the entire time interval from 2006 to 2024. For Case 2, we divided the analysis into two time
intervals, the first one from 2006 until Mw7.8 Kaikōura earthquake on 13 November 2016 UT (black arrows in
Figure 2b), and the second one from the date of the earthquake until 2024. Note that SSE 58 (Figure 2) was
triggered by the Kaikōura earthquake (Wallace et al., 2017, 2018).

The PD of parameters ν, ν/λ, CV of g(m) and α/β for each segment in Case 1 are shown in Figures 3a–3d.We also
calculated the highest posterior density (HPD) interval, which is the shortest interval containing the most probable
values for each model parameter. In other words, every parameter value within the HPD has a higher PD than
every value outside it (Gelman et al., 2013). A 95% HPD interval, indicating that there is a 95% probability that
the true parameter value lies within that interval, is provided in Table S1 of Supporting Information S1. Notably,
the HPD of shape parameter ν is above 1 in all segments (Table S1 in Supporting Information S1), indicating a
quasi‐periodic pattern. The PD of the mean recurrence interval ν/λ ranges from ∼0.5 years to ∼2 years, with
noticeably larger values in Cape Turnagain segment (Figure 3b). The patterns of SSE lengths are indicated by the
CV of g(m) and α/β. The PD of CV takes relatively large values (∼0.7 to 2, Figure 3c), with the 95%HPD interval
including 1 in most segments (Table S1 in Supporting Information S1), which indicates an exponential SSE
length distribution. The mean SSE length, indicated by α/β, ranges from tens of km to less than 150 km
(Figure 3d) with lower values in Tolaga Bay segment (95%HPD interval of 25.7–61.7 km, Table S1 in Supporting
Information S1).

To quantify the difference in the PD of model parameters across segments, we calculated the proportion of
overlap between PDs for each parameter. An overlap of 1 indicates identical PDs, while an overlap of 0 implies no
similarity between them. We set a threshold of 0.2, such that if the overlap falls below this threshold, we consider
the difference between PDs to be significant (Wang et al., 2022). For Case 1, the overlap between PDs is shown in
Figures 3e–3h (red horizontal line indicates the threshold). We found four significant features in the PD of model
parameters. (a) SSE occurrence is more periodic (larger values of shape parameter ν) in Tolaga Bay segment (with
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Figure 3. Results for reference model (Section 3.3). Posterior distributions of ν, ν/λ, α and α/β for (a–d) each segment in Case 1 and (i–x) before (solid black line) and
after (dashed gray line) Kaikōura earthquake for segment (i–l) Tolaga Bay, (m–p) Gisborne, (q–t) Hawkes Bay and (u–x) Cape Turnagain (Case 2). (e–h) Overlap
between posterior distributions for Case 1, x‐axis label indicates the segments compared, where 1, 2, 3, 4 refer to Tolaga Bay (TB), Gisborne (Gb), Hawkes Bay (HB)
and Cape Turnagain (CT) segments, respectively. (y–bb) Overlap between posterior distributions for each segment before and after Kaikōura earthquake. Red line in (e–
h) and (y–bb) indicates the threshold of 0.2. Encircled dots in (e–h) and (y–bb) indicate the significant changes (overlap <0.2) that hold after accounting for Scenarios 1
and 2 (Section 3.4).
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95% HPD of ν1 > 2, Table S1 in Supporting Information S1) compared to the central segments, Gisborne and
Hawkes Bay (Figures 3a and 3e). SSEs in Cape Turnagain segment are significantly more periodic than SSEs in
Hawkes Bay Segment (Figures 3a and 3e). (b) The mean recurrence interval, indicated by ν/λ, is significantly
larger for Cape Turnagain segment than for the rest of the segments (Figures 3b and 3f). (c) The CV of SSE length
distribution g(m) indicates significantly lower dispersion of SSE lengths in Gisborne segment compared to Tolaga
Bay and Hawkes Bay segment (Figures 3c and 3g). (d) SSE mean length is significantly lower for Tolaga Bay
segment compared to the rest of the segments (Figures 3d and 3h in Supporting Information S1).We also calculate
SSE length distribution and forecast of next SSE occurrence (Figure S9 in Supporting Information S1). We
conduct a residual analysis (Wang et al., 2019, 2022) to evaluate the goodness‐of‐fit of the model. Our results
indicate that the model provides a good fit to the data (Figures S10 and S11 in Supporting Information S1).
However, the fit of the distribution is less optimal for short SSEs lengths (Figure S11 in Supporting
Information S1).

In Case 2, we compared the PD of each model parameter (ν, ν/λ, CV of g(m) and α/β) before and after the
Kaikōura earthquake for each segment, as shown in Figures 3i–3x. The overlap between PDs is shown in
Figures 3y–3bb. To assess the effect of Kaikōura earthquake, we also forecast the occurrence time of the first four
SSEs at each segment after the earthquake. Our results indicate that the observed SSE occurrence times fall within
the 95% HPD interval predicted by our model (Figure S12 in Supporting Information S1).

3.4. Sensitivity of Model Results

To assess the sensitivity of the results to some of our modeling assumptions, we analyzed three alternative
scenarios, in which we considered: Alternative thresholds ΔL to classify SSEs into segments (Scenario 1), more
robust SSE detections (Scenario 2), and a different division of the margin into segments (Scenario 3). An extended
description of these scenarios is given in the Text S3 of Supporting Information S1. The results for these cases are
shown in Figures S13–S16 of Supporting Information S1. For comparison, we highlight the common significant
features (overlap < 0.2) between these scenarios and the reference model (encircled dots in Figures 3e–3h and 3y–
3bb). For Case 1, most of the significant features in reference model hold. For Case 2, only one holds: SSEs are
more periodic (larger ν values) after the earthquake in Hawkes Bay segment (Figure 3q and encircled dot in
Figure 3y).

3.5. Analysis of SSE Occurrence Patterns at Individual GPS Stations

We examined SSE occurrence patterns at individual GPS stations to assess whether the spatial trends in our
reference model align with those observed at stations located in the same regions. Only stations closest to the east
coast of the North Island (stations labeled in Figure 1) were considered in the analysis, as they have a better record
of shallow SSEs.

To characterize SSE occurrence, we model SSE start time by means of the intensity δ(t) at each station (Equa-
tion 1); excluding SSE length g(m), as it cannot be constrained at a single station. We show the PD of model
parameters that describe SSE occurrence pattern (ν) and SSE recurrence interval (ν/λ) for each station in Figure 4
with stations grouped by segment (see also Table S2 in Supporting Information S1). Consistent with the reference
model (Figure 3), the PD of the shape parameter ν takes larger values for stations located in Tolaga Bay segment
(Figure 4a), indicating more periodic SSE occurrence. Similarly, the PD of ν/λ indicates longer recurrence in-
tervals for stations in Cape Turnagain segment (Figure 4h), and shorter recurrence for stations in Tolaga Bay and
Gisborne segments (Figures 4b and 4d). Model parameters for stations in Hawkes Bay segment (Figures 4e and
4f) exhibit larger variability. For instance, the PD of ν/λ for stationMAHI indicates shorter inter‐arrival times (<1
yr) compared to other stations in the same segment (Figure 4f). This can be explained by the location of station
MAHI, which sits close to the boundary between Gisborne and Hawkes Bay segments (Figure 1) and records
SSEs from both segments.

To determine the effect of Kaikōura earthquake on SSE occurrence at each station, we also examined the PD of
model parameters ν and ν/λ before and after the earthquake. However, we found no consistent trends in the
change of PDs for stations located in the same segment (Figures S20–S23 in Supporting Information S1).
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4. Discussion
4.1. Segmentation of SSE Recurrence Intervals

Our results indicate that the recurrence intervals of shallow SSEs vary significantly along the Hikurangi margin
(Figures 3b and 3f). In the southern part of the margin (Cape Turnagain segment), SSEs occur less frequently,
with 95% HPD range of 0.95–1.72 years (Table S1 in Supporting Information S1). In contrast, SSEs are more
frequent in the northern part of the margin (Tolaga Bay and Gisborne segments), with a 95% HPD range of 0.45–
0.68 years (Table S1 in Supporting Information S1). These trends persist across different scenarios (Section 3.4)
and in the analysis of SSE recurrence at individual GPS stations (Figure 4), although there is some variability
between stations within the same segment. Overall, our model results are consistent with Wallace (2020).
However, our analysis indicates shorter SSE recurrence intervals than estimated by Wallace (2020), which we
attribute to the inclusion of smaller SSEs in our catalog. It is important to note that our model results rely on an
SSE catalog constrained solely by inland GPS stations, which have limited detection capability offshore, where
most of the slip of shallow Hikurangi SSEs concentrates (e.g., Wallace, 2020; Wallace & Beavan, 2010). In
addition, the irregular distribution of stations over time (i.e., more stations in later years) and along the margin
(i.e., stations closer to SSE source region in the north, Figure 1) may lead to differences in detectability in time and
space. Thus, it is plausible that the denser and more favorably located stations in the northern part of the margin
enables the detection of smaller SSEs that may go unnoticed elsewhere. Future work incorporating seafloor
geodetic data (e.g., Woods et al., 2022; Woods et al., 2024) may be necessary to assess the model predictions.

The factors driving changes in shallow SSE recurrence intervals along the Hikurangi margin remain poorly
understood. Using numerical simulations, Perez‐Silva et al. (2022) suggested that along‐strike changes in the
plate dip angle and the plate convergence rate, both lower in the southern part of the margin (Wallace et al., 2004;
Williams et al., 2013), contribute to the longer recurrence intervals of SSEs in that region. Further research is
needed to determine whether other factors, such as along‐strike changes in the megathrust protolith (Gase

Figure 4. Posterior distribution of model parameters ν and ν/λ at individual GPS stations along the coast (see station labeled in
Figure 1). Stations are grouped by segments: (a–b) Tolaga Bay, (c–d) Gisborne, (e–f) Hawkes Bay and (g–h) Cape
Turnagain. Note that we do not include station CAST due to the low number of SSEs (<4) recorded at that station.
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et al., 2022), in the level of pore fluid pressure (Bangs et al., 2023; Chesley et al., 2021; Gase et al., 2023) and in
the structure of the upper plate (Bassett et al., 2022) may also play a role.

4.2. Spatiotemporal SSE Occurrence Patterns and Influence of Kaikōura Earthquake

Temporal SSE occurrence patterns are generally characterized as quasi‐periodic, a description supported by our
quantitative results. The PD of shape parameter ν suggests that SSE occurrence tends to be quasi‐periodic, as the
95% HPD interval is larger than 1 across all segments (Table S1 in Supporting Information S1). Additionally, our
findings reveal spatial variations in SSE periodicity along the Hikurangi margin. SSE occurrence is most regular
in Tolaga Bay segment, where shape parameter ν takes larger values (with 95% HPD interval for ν1 (2.6, 6.9),
Table S1 in Supporting Information S1), followed by Cape Turnagain segment (ν4 (1.4, 6.1) in Table S1 in
Supporting Information S1). For the central segments, Gisborne and Hawkes Bay, SSE occurrence is less peri-
odic, with lower values for ν (95% HPD interval of ν2 and ν3 is (1.6, 4), Table S1 in Supporting Information S1).

Our model results suggest that SSE length distribution ranges from tens of km to over a 100 km with some
variability across segments, though most differences are not statistically significant (Figure 3d and Table S1 in
Supporting Information S1). The only significant difference is that SSEs in Tolaga Bay segment are shorter than
those in Gisborne segment (Figures 3d and 3h, and Table S1 and Figure S9 in Supporting Information S1). The
variability of SSE lengths could be due to the heterogeneous nature of the source region of shallow Hikurangi
SSEs, which manifests as lithological, geometrical and rheological changes observed at length scales ranging
from centimeters to kilometers (Barnes et al., 2020). We also find that the exponential distribution is a good
description of SSE length distribution in the reference model (95% HPD interval of CV of g(m) includes 1, Table
S1 in Supporting Information S1) in most of the margin (Gisborne, Hawkes Bay and Cape Turnagain segments),
which implies that most SSE lengths are short while occasionally long SSEs occur. However, the exponential
model fits less well for the shortest SSEs (Figure S11 in Supporting Information S1), for which a minimum length
was assumed. In addition, the distribution does not fit the data well in Scenario 2 (Section 3.4), where the shortest
SSEs were excluded (Text S3 in Supporting Information S1). These limitations highlight the need for improved
constraints on SSE lengths to better characterize their distribution.

Our results do not provide conclusive evidence of the Kaikōura earthquake's impact on SSE occurrence patterns.
Most of the significant features found in the reference model (overlap < 0.2 in Figures 3y and 3xx) depend on
some of the modeling assumptions (Section 3.4 and Text S2 in Supporting Information S1) and are not visible
when examining individual GPS stations (Section 3.5). In addition, our forecast indicates that SSE occurrence did
not significantly change after the earthquake (Figure S12 in Supporting Information S1). At most, our results
suggest that the effect of the earthquake may have been transient, as evidenced by the SSEs triggered by it
(Wallace et al., 2018).

5. Conclusions
We used renewal processes to investigate the occurrence patterns of SSEs that occur along the shallow portion of
the Hikurangi margin. First, we constructed a catalog of these events that constrains their timing and along‐strike
extent. Second, we modeled the occurrence patterns of SSEs in the catalog as a marked renewal process, using
Bayesian inference to obtain the posterior distributions of the model parameters. Our model results indicate that
SSE recurrence intervals vary along the margin, with less frequent events occurring in the southern part of the
margin, offshore Cape Turnagain and more frequent events in the northern part of the margin, offshore Tolaga
Bay and Gisborne regions. Additionally, we find that SSE occurrence patterns are generally quasi‐periodic
throughout the margin. The regularity of SSE occurrence also varies spatially, with SSEs occurring most regu-
larly in the northern part of the margin. Finally, we do not find conclusive evidence that the 2016Mw7.8 Kaikōura
earthquake had a lasting effect on SSE occurrence patterns.

Data Availability Statement
Data set of SSE catalog and scripts to model renewal processes are archived in a Zenodo repository (Perez‐Silva
et al., 2025).
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