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NEW ZEALAND SEISMIC HAZARD ANALYSIS 

T. Matuschka1, K.R. Berryman2, A.J. O'Leary 3, G.H. McVerry4, 
W.M. Mulholland5 and R.I. Skinned 

SUMMARY 

The results of a seismic hazard analysis for the country by 
the Seismic Risk Subcommittee (SRS) of the Standards Association 
are presented. The SRS was formed in 1979 to advise the Standards 
Association Loadings Code Amendments Committee on the frequency 
and level of earthquake ground shaking throughout New Zealand. 

Results of the SRS study are in terms of estimates of five 
percent damped horizontal acceleration response spectra for 50, 
150, 450 and 1000 year return periods. It is intended that these 
results will form the basis for developing seismic design response 
spectra for the proposed new Loadings Code (NZS 4203) . 

1. INTRODUCTION 
The analysis of seismic hazard in New 

Zealand by the Seismic Risk Subcommittee 
(SRS) of the Standards Association of New 
Zealand was undertaken to assist the Load
ings Code Amendments Committee (SANZ) in 
determining the frequency and level of 
earthquake shaking throughout New Zealand. 
The present seismic design loads specified 
in NZ 4203 : 1976 are similar to those in 
its predecessor NZ 1900, Chapter 8 (1965) 
and were based on limited data concerning 
the rates of earthquake activity in New 
Zealand and the associated levels of ground 
shaking. Since that time additional seis-
mological and geological data and strong 
motion recordings have been gathered. This, 
along with an expanded research effort, 
primarily by the DSIR and Universities, has 
resulted in a significant improvement in our 
understanding of earthquakes in New Zealand. 

Following the NRB Bridge Design 
Seminar in 1978 considerable effort has been 
directed at quantifying seismic hazard 
throughout New Zealand. In 1980 the first 
attempt at revising and rationalising code 
seismic design loadings for some years was 
published by Berrill, Priestley and 
Chapman (1) for the New Zealand National 
Society for Earthquake Engineering (NZNSEE) 
Bridge Study Group. The elastic accelera
tion response spectra underlying the seismic 
coefficients were estimated from the seismic 
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hazard studies of Smith (2,3) (in terms of 
MM intensity) and Matuschka (4) (primarily 
in terms of peak ground acceleration). In 
1979 with the formation of SRS and the 
experience of the NZNSEE Bridge Study Group 
it was apparent that it would be desirable 
to be able to produce the results of a seis
mic hazard study directly in terms of 
acceleration response spectra for code 
design applications. This prompted studies 
by Smith and Berryman (5) and McVerry (6) 
to be undertaken on behalf of the SRS as 
well as studies by Peek (7) , Mulholland (8) 
and Berrill (9 ; 10) at the University of 
Canterbury. All these studies have had 
direct application to the SRS objective and 
with this research effort our knowledge of 
seismic hazard in New Zealand has evolved 
considerably in the past six years. 

2. ANALYSIS OF SEISMIC HAZARD 

Procedures for the evaluation of 
seismic hazard have been developed into a 
useful applied seismological and engineering 
tool over the last 15 years. A probabilis
tic approach for analysis of seismic hazard 
was first formulated by Cornell (11), in 
the late 1960 ' s . The approach has been 
developed and used to estimate seismic 
hazard at specific sites in many countries 
as well as being used to develop contour 
maps quantifying the variation in seismic 
hazard throughout regions or countries. 
Studies of seismic hazard in New Zealand by 
Matuschka (4) , Peek (7) , Mulholland (8) , 
and Smith and Berryman (5) , have essentially 
used this approach and a similar approach 
has been adopted by the SRS. 

To assess seismic hazard at any site, 
information regarding the likely future 
location of earthquakes, their rate of 
occurrence, the likely maximum sized earth
quake and the intensity of ground shaking 
which these earthquakes might generate at 
the site of interest has to be considered. 
Probabilistic procedures for assessing 
seismic hazard allow this information to be 
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combined in a logical manner to estimate 
the likely occurrence of events of different 
intensity levels at a particular site. 

The probabilistic approach relies upon 
two separate models. The first is a 
seismicity model describing the geographical 
distribution of earthquakes and the fre
quency of occurrence of different earthquake 
magnitudes. The second is an attenuation 
model describing the probability distribu-
tion of intensity of ground shaking produced 
at a site away from the earthquake source, 
as a function of earthquake magnitude, 
source-to-site distance and site subsoil 
conditions. For specific details of the 
probabilistic approach readers are referred 
to references 4, 5, 7, 8 and 11. 

3. SEISMICITY MODEL 

Seismicity models of New Zealand have 
been proposed by Matuschka (4), Peek (7) 
and Smith and Berryman (5). In these models 
it is assumed that earthquake occurrence 
throughout New Zealand can be represented 
by a number of regions in which the seis
micity is uniform, The boundaries of the 
regions were selected from both historical 
seismicity and tectonic considerations. 
Within each region the relative frequency 
of occurrence of different sized earthquakes 
is assumed to follow the Gutenburg and 
Richter recurrence relation 

log N bM, M < Mjr (1) 

N = M > M, max 
where N is the number of earthquakes of 
magnitude M, occurring in any given time, 
and parameters a, b and M m a x vary from 
region to region. M m a x is the maximum 
magnitude bound. 

The Smith and Berryman (5) seismicity 
model was derived as part of the work of 
the SRS. This model is shown in Figure 1 
and was adopted by the SRS in its seismic 
hazard study apart for one small modifica
tion to Zone H to reflect latest thinking. 
Parameters N 4 , N 5 and 5 are the number 
of historically observed * earthquakes with 
magnitudes greater than or equal to 4, 5 
and 6.5 respectively in the time spans 
stated. The parameter a 4 gives the annual 
number of earthquakes with M ^ 4 per 
1000 km 2. In terms of the Gutenburg and 
Richter parameters a and b, a 4 = io(a~4b) # 

Since its publication in 1983 further 
geological evidence has been obtained 
regarding the Alpine Fault region (Zone H ) . 
Historical seismicity in this region is 
very low but there is geological evidence 
(Adams (12), Hull and Berryman (13)) of 
M ^ 8 earthquakes about once every 500 years, 
with the last such earthquake of this mag
nitude occurring several hundred years ago. 
Consequently, seismicity parameters for 
Zone H have been modified as suggested by 
Berrill (14), to reflect latest thinking. 
Because the Alpine Fault seems to generate 
only large earthquakes of magnitude about 
lh to 8 it was decided to superimpose such 
a source on a background source accounting 
for smaller ruptures on lesser faults in 
the region. Setting the parameters for the 
background seismicity source according to 

1942-1982 levels and those of the large 
magnitude source to yield a return period 
of 500 years for 1H - M 1 8 events, resulted 
in the following parameters for Zone H: 
Zone H (i) 

Zone H (ii) 

a 4 = 0 .135, 
»Vax = 7 * 5 

a 4 - 0.55, 

1.05 

b = 1.05 
= 8.0 

For the purposes of this study a lower limit 
on earthquake magnitude of 5.25 was adopted. 
It was considered that structures designed 
in accordance with current design code 
standards would not be susceptible to damage 
from the effects of earthquakes with mag
nitudes less than 5.25. 

4. ATTENUATION MODEL 
A number of parameters have been 

used to quantify the strength of earthquake 
shaking. The more common include MM inten
sity, peak ground acceleration and response 
spectra. For engineering design purposes 
the most suitable descriptor of design 
ground motion is a response spectrum, which 
can be used directly to estimate structural 
response. The SRS have therefore concen
trated efforts on selecting an attenuation 
model which predicts ground motion response 
spectra. The attenuation model used by the 
SRS is based on the model derived from 
Japanese data by Katayama (15), but modified 
to fit observed New Zealand data. This 
model was selected because of similarities 
between the tectonic environment of Japan 
and New Zealand, and because studies by 
Peek (7), and Mulholland (8) at Canterbury 
University indicated that this model repre
sented recorded New Zealand spectra better 
than others by Bentley (16) based on a com
bination of Japanese and US data supplemen
ted by records from other parts of the 
world and McGuire (17) based on Western US 
data. 

Modifications to the Katayama attenu
ation model were made by Peek (7) and 
Mulholland (8) to correct for the frequency 
response characteristics of Japanese accel-
erographs and to reflect the lower standard 
deviation of spectral accelerations associ
ated with recorded New Zealand strong motion 
data. 

Further modifications were found 
necessary as a result of the SRS study to 
reflect the more rapid attenuation of spec
tral acceleration with distance in New 
Zealand. In Fiordland a magnitude and dis
tance dependent correction factor was 
introduced to produce lower spectral accel
eration estimates than for the rest of the 
country, in agreement with assigned inten
sities and measured peak ground accelerations 
in this area (2). Details of these modifi
cations to the Katayama attenuation model, 
including a comparison of the Katayama model 
and recorded New Zealand spectra are summar
ised by McVerry (6). 

The Katayama model enables prediction 
of ground motion acceleration spectra as a 
function of earthquake magnitude, epicentral 
distance and site soil conditions. It 
assumes isotropic attenuation and although 
it does not enable direct prediction of 



3 1 5 

170 175 180E 

165 170 175 180E 

area 1965- 82 1942 -82 1840- 1982 a 4 
Region sq km b "max N 4 a 4 N 5 a 4 N6.5 a 4 chosen 

A 54028 1 2 7.5 3 0. 003 4 0 . 029 0 0.03 

B 34288 1 2 8 . 0 36 0. 058 5 0. 056 0 0 .10 

C 23224 1 2 7.5 185 0. 443 21 0 . 350 1 0 .321 0.45 

D 89867 1 13 8 . 5 687 0. 125 159 0. 582 16 0.837 0.85 

E 31428 1 15 8.5 ] 48 0 . 262 22 0 . 241 5 0.838 0.80 

F 31460 1 13 8.5 280 0 . 495 29 0. 304 5 0.746 0.70 

G 35434 1 1 8.5 154 0. 242 43 0. 3^3 4 0.447 0 .60 

H 24366 1 05 8.5 45 0 . 102 12 0 . 135 0 0.20 

I 6793 1 1 8.5 19 0 . 156 7 0. 317 1 0.583 0.40 

J 30824 1 1 8 . 0 41 0. 074 11 0 110 0 0.11 

K 19368 1 1 8.0 10 0 . 029 2 0 032 0 0.03 

L 26500 0 95 8.5 316 0. 662 78 0 640 4 0.253 0 .70 

M 43971 1 1 8.0 16 0 . 020 6 0 042 0 0.08 

N 31931 1 0 8 . 5 296 0. 515 40 0 306 5 0. 350 0.60 

0 19 304 1 1 8.0 8 0. 023 5 0 080 0 0.08 

F igure 1 T h e S m i t h a n d B e r r y m a n Se ismic i t y M o d e l . 
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transmission path, focusing or topography 
effects (which have been documented) these 
effects are covered implicitly by incorpor
ation of uncertainty associated with the 
attenuation model in estimates of seismic 
hazard. 

The scatter of strong motion data 
(peak ground acceleration and response 
spectra) is large and has been found to fit 
a log-normal distribution in many studies 
(i.e. the logarithms of the observed values 
are normally distributed about the me an; 
therefore the observed values are actually 
skewed about the mean). 

The amount of scatter is represented 
by the standard deviation of the logarithmic 
residual (residuals are the differences 
between the observed values and the mean 
value predicted by an attenuation model for 
a particular earthquake magnitude and epi-
central distanc?. J The larger the standard 
deviation, the 1 3 . 7^.'c >Z'~-. scatter of observed 
data. 

The pcbab .• _ .-1 c n n 1smi c hazard 
approach allc - _^ iter cr uncertainty 
associated wi c> o - . o* 9 motion data to be 
incorporated by 'coating tV.~ attenuation 
n o o. si i d a p r o: c'::. i isti c rr a •' ,;ier (i.e. for 
2 parixaular earthquake magnitude and epi-
cem-.ral di.stance t.hs predicted ground motion 
is represented by a ice;-normal distribution 
rather than a particular val u e ) . 

T v - Cr^rse " : n°c~._ tainty associated 
-j__t a - -enu - r; cn T'Ciale an 1 reflected in 
- - ' , 7 ^ " standard ds>/ia::ion and its • 
e ~ r " ::^ng aifecc on es^inat^s of seismic 
r - : n ?rc --e." i -"-cn^nr.^- (6 , 9, 11, .18), 
Tin a. n?^cer?e^ - ^f^ect associated with 
ac;enuation uncertainly can be significant 
and so considerable thought was given to 
the values adopted in this study. While 
studies of New Zealand spectral acceleration 
data (6, 8) indicate a lower level of 
intir,un:y t' an that associated with the 

1* r-z actenuation model, it was considered 
- s might only be because of the 

" 1- _ small New Zealand data set which 
- ^complete in recordings of major earth-

~s and moderate earthquakes at short 
~---^c_ r .stances (i.e. those which are 

^-~>pr- -gv . This is addressed by 
" r> rn a recent paper who suggests 

^ ^le absence of a sufficiently com-
se~ z" New Zealand accelerograms, the 

r eclcnr, c " ta be combined with the 
~°r- z? of Katayama et al. for esti-
~ _:a _ej or uncertainty parameters. 

r" fncirion for this approach is the 
- -~ c and geologic similarity of the two 
coi nines. For this study the uncertainty 
para^^ **e ~s suggested by Berrill (14) and 

Tn^i -=d i n Table 1 were adopted. 

It is noted that both the Japanese 
data set upon which the Katayama attenuation 
model is based and the New Zealand data set, 
which was used as the basis for modifying 
the Katayama model, are deficient in strong 
motion recordings from large magnitude 
earthquakes at short to moderate epicentral 
distances (i.e. events which are likely to 
produce the most severe levels of earthquake 
shaking). The scarcity of data from such 
events is unlikely to result in under
estimation of spectral accelerations in the 

Natural Period (sec) °10 
0.10 .275 
0.20 .285 
0.30 .295 
0.40 .30 
0 .50 .305 
0.70 .31 

* 1.0 .32 

Note: O-^Q is the standard 
deviation of the logarithmic 
residuals 

Table 1. Summary of OJ_Q values adopted for 
th i s s tudy 

short period end of the spectrum (T < 0.5 s) 
as moderate sized earthquakes are just as 
capable of producing high levels of short 
period spectral acceleration as large events. 
However, at the long period end of the 
spectrum (T> 1.6 s) it is possible that 
spectral accelerations could be under
estimated because it is in this range that 
large earthquakes could be expected to 
generate the largest amplitudes. Therefore, 
attenuation models derived from data sets 
deficient in large earthquake events at 
short epicentral distances could possibly 
under-estimate long period spectral accel
erations . Allowance has been made for this 
possibility by modifying the long period 
end of the predicted response spectra, as 
explained later, to ensure that under
estimation of long period spectral ordinates 
does not occur. 

5. RESULTS 

Estimates of five percent damped 
horizontal acceleration response spectra 
were calculated for sites on a 0.5 x 0.5 
degree grid covering the country using the 
previously discussed seismicity and attenu
ation models as input into a probabilistic 
analysis of seismic hazard. Computations 
were made using the computer programme 
developed by Mulholland (8). Spectra were 
calculated for Katayama's ground condition 
Type III (alluvium of less than 25 metres in 
depth) as it was considered that this cate
gory was most typical of New Zealand sites. 

The spectra resulting from the pro
babilistic seismic hazard analysis represent 
uniform hazard spectra (i.e. the ordinates 
of a particular spectrum for different 
natural periods have an equal probability of 
being exceeded in a given time interval). 

The resulting uniform hazard spectra 
display a peak at a natural period of 0.2 s 
and so spectral accelerations at this period 
were selected for plotting the variation in 
seismic hazard throughout New Zealand. The 
variations in 0.2 s spectral acceleration 
throughout New Zealand for average return 
periods of 50, 150, 450 and 1000 years are 
shown in Figures 2, 3, 4 and 5 respectively, 
where contours of equal acceleration spectra 
are plotted. 

To investigate the variation in spec
tral shape throughout the country spectra 



Figure 3 

CO 
k 



F igu re 4 

F igure 5 



319 

from each site on the 0.5 x 0.5 degree grid 
were normalised to the 0.2 second value and 
compared. The mean of the normalised spec
tra for the 450 year average return period 
and the maximum and minimum normalised spec
tra are shown in Figure 6. The variation 
in normalised spectra shape is not signifi
cant between sites of low and high seismic 
hazard. Sites in areas of high seismicity 
tend to lie above the mean and sites of low 
seismicity tend to lie below the mean. 
Similar results were obtained from the 50, 
150 and 1000 year return period results. 

The reason for areas of lower seis
micity having higher relative short period 
ordinates is that in those areas the contri
bution to seismic hazard, for a particular 
average return period, comes from smaller 
magnitude events than in areas of higher 
seismicity. Smaller magnitude events have 
response spectra with more pronounced short 
period peaks (or relatively lower long 
period ordinates) than larger magnitude 
events according to the modified Katayama 
attenuation model and this is supported by 
observed data. 

The fact that spectral shape does not 
seem to vary significantly is convenient for 
it suggests that a standard spectrum shape 
can be adopted for different geographical 
locations. This would result in some con
servatism for lower hazard sites but this 
is considered acceptable. 

To investigate the variations in 
spectral shape with average return period 
the mean normalised spectra for the 50, 150, 
450 and 1000 year average return periods 
were compared and found to be almost iden
tical except for a slight relative increase 
in the long period end of the normalised 
spectra with increasing average return 
period. This result reflects the greater 
contribution to seismic hazard from larger 
magnitude events for increasing average 
return period. Large magnitude events 
produce relatively higher long period spec
tral ordinates. However, the variation in 
spectral shape with average return period 
is not significant, a convenient result for 
it allows the adoption of a standard spec
trum shape for different average return 
periods. 

The shapes of the normalised spectra 
are most close to those predicted by the 
modified Katayama attenuation model for 
earthquakes occurring at short epicentral 
distances (i.e. less than 60 km). Analysis 
of the results indicates that even for areas 
of low seismicity the major contribution to 
seismic hazard comes from local earthquakes 
rather than from distant large events. 

Comparison of the normalised spectra 
shown in Figure 6 with typical spectra 
indicate that they lie within the range of 
shapes of typical single earthquakes occur
ring at relatively short epicentral distances. 
The peak occurs at a natural period of 0.2 
seconds which, by comparison with the modi
fied Katayama attenuation model, is most 
consistent with moderate magnitude 
(5.25 - M < 7) events occurring at relatively 
short epicentral distances. Large magni
tude events (M - 7.0) tend to produce 
spectra which peak at slightly longer 

periods than moderate magnitude events. 
For example, the modified Katayama model 
indicates a spectral peak at a period of 
0.3 seconds for earthquakes with 
6.8 - M < 7.5 and 20 ~ R ^ 60 km where 
R is epicentral distance. It is noted that 
as the epicentral distance increases the 
spectral peak occurs at longer periods 
(because of the more rapid attenuation of 
the higher frequency waves) and this is 
reflected in the modified Katayama attenua
tion model which indicates a spectral peak 
at a period of 0.5 seconds for earthquakes 
with 6.8 S M < 7.5 and 120 < R < 200 km. 
The results of the seismic hazard analysis 
in terms of spectral acceleration and the 
above observation indicate that it is the 
more frequent moderate magnitude events 
which contribute most significantly to seis
mic hazard at most sites in New Zealand 
rather than the less frequent large events. 

It is recommended that a smoothed 
version of the 450 year upper bound spectrum 
shown plotted in Figure 6 but modified to 
have constant velocity spectral ordinates 
for periods greater than 1.0 second be used 
as the basis fcr developing design response 
spectra ..or Typa T7I ground conditions. The 
recommerderl ~ ~ iciisei spectrum in shown on 
Figurs alor. ̂  r~h tne smoothed 4 50 year 
upper bo -1 d 3ot' -ri-fn, The assumption of a 
constant -, = ...~ •: - ---pe^trum for periods 
greater than 1 J second is justified on the 
following grounds: 
(i) to account for possible underestima

tion of long period spectral ordinates 
in the attenuation model used in this 
study (because of a scarcity of strong 
motion recordings of large earthquakes 
at short epicentral distances). 

(ii) to provide greater weighting to large 
magnitude events (which have rela
tively higher long period ordinates) 
which because of their longer duration 
of shaking than moderate magnitude 
events have a greater damage potential 
which is not reflected in a response 
spectrum. 

The assumption of a constant velocity spec
trum between spectral periods of 0.5 to 
about 5 seconds has previously been suggested 
by Newmark and Hall (19). 

6. SUMMARY 

(1) The results of the seismic hazard 
study by the Seismic Risk Committee presen
ted in this paper are based on carefully 
conceived models of seismicity and spectral 
acceleration attenuation which have been 
developed as part of the study and are con
sidered appropriate for New Zealand. The 
results are in terms of uniform hazard 
horizontal ground acceleration response 
spectra and are appropriate for site soil 
conditions consisting of alluvium less than 
25 metres in depth (i.e. Katayama's ground 
condition Type III). It was considered 
that ground condition Type III was most 
typical of New Zealand sites. Comparison 
of the uniform hazard spectra with typical 
spectra indicate that they lie within the 
range of shapes of typical single moderate 
magnitude earthquakes occurring at relatively 
short epicentral distances. 
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(2) It is intended that the results will 
form the basis for developing design 
response spectra for the Loadings Code 
NZS 4203. The normalised spectrum recom
mended as the basis for developing design 
spectra (Figure 7) is based on the results 
of a probabilistic seismic hazard analysis 
but modified at the long period end to have 
constant velocity spectral ordinates for 
periods greater than 1.0 second. This mod
ification was made because of the possible 
under-estimation of long period spectral 
acceleration by the attenuation model used 
in this study (a consequence of the scarcity 
of strong motion data from large earthquakes 
recorded at short epicentral distances) and 
to effectively provide greater weighting 
to large magnitude events, which because 
of their longer duration of shaking than 
moderate magnitude events have a greater 
damage potential which is not reflected in 
a response spectrum. 

The recommended normalised spectrum 
shown on Figure 7 should not be construed 
as a code design spectrum as modifications 
may be made to both short and long period 
ordinates to ensure that values are approp
riate for modal analysis or equivalent 
lateral force design procedures. 

(3) Work is currently being undertaken to 
establish normalised spectra appropriate for 
other soil conditions and to consider the 
potential for allowing for the effect of 
soil-structure interaction in reducing short 
period spectral ordinates. It is intended 
to define two other site soil conditions. 
One for hard rock sites and the other for 
soft soil sites. It is also intended to 
provide guidelines for identifying soft 
soils which could yield when subjected to 
earthquake shaking or potentially liquefi-
able soils for which specialised site 
specific studies may be warranted. 

(4) Modifications to the seismic hazard 
results can be expected in the future as 
our understanding of earthquakes in New 
Zealand increases. The results produced in 
this study assume that earthquakes occur 
randomly in time (i.e. they follow a 
Poisson process). With an increased know
ledge of the tectonics of different regions 
a non-Poissonian assumption could be adop
ted. For example, recent studies of the 
Alpine Fault (12, 13) suggest that large 
(magnitude lh to 8) events have occurred 
regularly at approximately 500 year inter
vals over the central section of this fault. 
The last fault movement occurred at least 
several hundred years ago and so there is 
a relatively high probability that a large 
earthquake event associated with the central 
Alpine Fault will cause high levels of 
ground shaking at the site in the next 100 
years or so. Consequently, it could be 
argued that the level of seismic hazard in 
this area should be increased above that 
indicated from the results presented in this 
study. Such second generation hazard 
studies are beyond the scope of this 
general, New Zealand-wide review. 
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