
Impact on the NAM Seismic Hazard and Risk 
Models of the Calibration Error in the G-Network 

Surface Accelerographs

Meeting at KNMI, de Bilt, 28 February 2019

Julian J Bommer,
Bernard Dost,

Jan van Elk



Background

B-network G-network

G0

G1

G2

G3

G4

50 m

50 m

50 m

50 m

In late 2018, it was identified that the G0 
instruments (surface accelerographs of the 

G-network) had been installed with a 
calibration error that resulted in recorded 
motions having approximately one half of 

the correct amplitude

accelerograph

geophone



Overview of Presentation

This presentation discusses the impact of this calibration error (now corrected) on 
the NAM hazard and risk models for induced seismicity in Groningen, through the 
ground-motion model (GMM), and specifically addresses the following issues:

1. The empirical GMPE for PGV from small-magnitude earthquakes

2. Derivation of the Ground-Motion Prediction Model for Duration

3. Relationships between the magnitude scales ML and Mw

4. Derivation of the Ground-Motion Model for Spectral Acceleration

All make direct 
use of the G0 

recordings



1. Empirical GMPE for PGV

As well as the main GMM derived to be applicable to earthquakes of magnitudes from 
2.5 to 7+ for implementation in the hazard and risk modelling undertaken by NAM, a 
model has also been derived for the prediction of PGV from events in the range of 
magnitudes of observed earthquakes (ML 1.8 to 3.6) for use in damage assessments 

The empirical GMPE for PGV is derived directly from regression on surface recordings of 
both the B-network and G-network, and consequently has required updating following 
the identification of the calibration issue

The opportunity was taken to also include additional recordings now available from 8 
earthquakes that have occurred since the PGV model was first issued in November 2017





The resulting changes in the predictive model has been to 
increase the amplitudes at larger distances, particularly for 

smaller magnitudes, and a modest decrease at short 
distances for magnitude 4.0; the sigma values have been 

appreciably reduced, mainly due to a significant decrease in 
the value of the between-earthquake variability



The contour of magnitude-distance pairs that lead to median predicted PGV values of 
1.5 mm/s has been changed very subtly by the model update, the main change being a 

small increase (~1 km) in the epicentral distance for ML ≥ 3.0



2. GMM for Durations

For some structural typologies, the fragility functions are defined in terms of spectral 
acceleration and duration, hence the risk model also requires the prediction of the 
duration of shaking 

The duration model is based mainly on the NS_B motions obtained from the final-fault 
simulations adjusted to the surface through VS30-based factors adopted from a GMPE 
for durations of motions from tectonic earthquakes, but also taking into account the 
measured durations from surface recordings in the field: therefore, the calibration error 
could potentially have an impact on this element of the GMM

However, the duration definition employed (the significant duration between the 5% and 
75% limits of the total Arias intensity accumulated) is dependent on the shape of the 
waveforms and is invariant with scaling of the amplitudes



Consequently, the GMM 
for duration is insensitive 
to errors in the amplitude 

of the ground-motion 
recordings and it can be 

concluded that the 
calibration issue will have 
had no influence on the 
derivation of the model



3. Magnitude conversions from ML to Mw

The magnitude of Groningen earthquakes is reported by KNMI as local magnitude, ML, 
and the NAM hazard and risk model is essentially developed in this magnitude scale

However, the inversions of Fourier amplitude spectra that is an essential part of the 
GMM derivation, as well as the calibration of the upper branch of the GMM logic-tree 
to match motions from tectonic earthquakes, require a relationship between ML and 
moment magnitude, Mw

On the basis of joint work by KNMI and NAM consultants, it was determined that for 
ML ≥ 2.5, local magnitudes and moment magnitudes for Groningen earthquakes are 
equivalent on average (i.e., ML = Mw) and this was applied in the derivation of the 
current (V5) GMM





Courtesy of Bernard Dost, KNMI

The moment magnitude values used in the derivation 
of the relationship were derived from accelerograph
recordings, which for the period 2015-2017, included 

many G-network surface accelerograph records

If all the recordings used had come from G-network 
stations, the error would have been 0.2 magnitude 
units, but the majority of larger magnitude records 

were still those obtained from the B-network 

Consequently, while the correction has led to an 
adjustment (larger Mw for a given ML) at smaller 

magnitudes, in the magnitude range of relevance to the 
GMM development (≥ 2.5), the changes to the 

relationship between the magnitude scales was almost 
negligible (compare cyan and green curves in the plot, 
which shows the data after corrected of the Mw values)



4. GMM for Spectral Accelerations

The most important ground-motion model is that for predicting spectral 
accelerations (which for an oscillator period of 0.01 seconds are equivalent 
to PGA), since these are used for hazard mapping by NAM (and KNMI), and 
are also the basic input to NAM risk calculations

The GMM for spectral accelerations, PGA and PGV should be entirely 
unaffected by the calibration error with the surface accelerographs of the 
G-network because the model is derived from analyses of the B-station 
accelerograph recordings and recordings from the 200-metre geophones of 
the G-network



The only use made of 
recordings from the 

surface accelerographs of 
the G-network in the 

GMM derivation has been 
in comparing these with 

predicted surface motions 
(see opposite) but these 

comparisons did not 
directly influence the 

model parameters
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CONCLUSIONS

1. Those elements of the GMM that make direct use of the G0 recordings have either been 
unaffected or else experienced only minor perturbation: 
a) The empirical GMPE for PGV from small-magnitude earthquakes has been effected but an 

update of the model—combining a correction of the amplitudes and incorporation of newly-
available data—has led to very modest changes in the predicted values

b) The GMM for durations does make use of the surface recordings from accelerographs of the 
B- and G-networks but the duration definition is insensitive to the amplitude of the motions

c) The ML-Mw relationship was affected by the G-station calibration error, but analyses have 
shown that in the magnitude range of relevance, the impact was almost negligible

2. The derivation of the GMM for spectral accelerations and PGA does not make use of the 
surface recordings from the G-network (using instead the recordings from the 200-m 
geophones at the same stations) and hence should be completely immune to the G0 
calibration error that has been identified



Summary


