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In the past few decades, numerous studies on the modi-
fication of seismic ground motion by surface geology and 
subsurface structures (Effects of Surface Geology on seis-
mic motion, ESG) have been carried out for improving 
both our understanding of strong ground motion char-
acteristics during destructive earthquakes and our ability 
to perform reliable ground motion predictions of future 
events. This has been enabled by increasing amounts 
of strong motion data and computing power. Research 
into the quantification of ESG, and accounting for those 
effects in everyday design and engineering practice is a 
key element in the mitigation of earthquake disasters, 
which are still occurring all over the world.

ESG International Conferences have been held in 1992 
(Odawara, Japan), 1998 (Yokohama, Japan), 2006 (Greno-
ble, France), 2011 (Santa Barbara, USA) and 2016 (Taipei, 
Taiwan). This 5th International Conference on the Effects 
of Surface Geology on seismic motions (ESG5) was suc-
cessful in several respects. It gathered an important num-
ber of researchers, field engineers and graduate students 
from all over the world. The ESG5 proceedings include a 
large amount of significant information. In order to offer 
the research community a collection of peer-reviewed 
contributions, the ESG5 Organizing Committee arranged 
for the publication of a special issue on recent advances 
into ESG research in Earth, Planets and Space (EPS), 
a journal published by Springer. This follows the last 

special issue on ESG published in 1992 in the Journal of 
Physics of the Earth (a journal which was merged with 
EPS in 1998).

This new special issue is a compilation of 18 papers on 
ESG research, including topics such as seismic ground 
motion observation; analysis and interpretations, includ-
ing nonlinear site response; utilization of microtremors; 
and development of simulation methodologies for strong 
ground motion prediction.

Seismic observation analysis has always been a key 
research topic of ESG. Uetake (2017) reports interest-
ing behavior in long-period ground motion recorded 
in the Kanto area, Japan. He demonstrates that the 
observed long-period ground motions significantly dif-
fered among several distant earthquakes, although they 
had similar locations, sizes and mechanisms. He shows 
that the details of the velocity structure in the earth-
quake source region were the cause of the observed large 
waveform packet, demonstrating the importance of con-
sidering structural inhomogeneities in the source side 
for long-period ground motion prediction.  Bijukchhen 
et al. (2017) use the observed strong ground motions in 
the Kathmandu valley during the 2015 Gorkha main-
shock and aftershocks, to derive a one-dimensional 
velocity structure model beneath the observed stations 
and to compare them with the theoretical earthquake 
H/V ratios. A unique strong ground motion study was 
conducted by Sbaa et  al. (2017), who performed six-
degrees-of-freedom observations using translational 
and rotational sensors at two nearby sites in Kefalonia 
Island, Greece, located on rock and soft soil conditions, 
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respectively. They found that the dependence on site con-
ditions is stronger for torsional motion (rotation around 
the vertical axis) than for rocking motion (rotation 
around horizontal axis), which they interpreted as being 
a result of more energetic Love waves on soft site condi-
tions compared to Rayleigh waves. Kagawa et  al. (2017) 
compare the observed ground motion variations in the 
source region of the 2016 Central Tottori earthquake to 
the map of predominant site period derived from dense 
microtremor observations in the area. They show that 
larger peak ground accelerations correspond to shorter 
predominant periods, and also report significant period 
shifts at some intermediate period sites during the main 
shock, which they interpret as being related to nonlinear 
site response.

Effects of nonlinear site response and/or liquefac-
tion significantly impact strong ground motion char-
acteristics. Ren et  al. (2017) quantify the amount of 
soil nonlinearity by using various indices based on the 
horizontal-to-vertical spectral ratio applied to strong 
ground motion records obtained during and after the 
2008 Wenchuan earthquake, China (Ms8.0), and inves-
tigate their correlation with loading or site parameters. 
Similarly, Chen et al. (2017) analyze the amount of non-
linear site response in the (estimated) strong shaking 
area in relation to the loading and site parameters for 
the 2016 Meinong earthquake and propose a method to 
incorporate the resulting nonlinear frequency shifts in 
otherwise linear stochastic ground motion simulations. 
Lu et  al. (2017) investigate the degree of damage to 
low-rise buildings as a result of soil liquefaction in the 
superficial layer during the 2016 Meinong earthquake, 
Taiwan, and emphasize some nonconservative limita-
tions of existing methods, linked to poor accounting 
of the underlying site conditions. Dhakal et  al. (2017) 
transpose these nonlinear site response estimates based 
on H/V ratios to the ocean bottom seismogram sites 
of the Sagami Bay K-NET, Japan. Their observations 
show that the degree of nonlinearity is generally larger 
at the OBS sites due to the smaller threshold motions 
that cause a nonlinear site response, compared with the 
available data at land sites.

The use of microtremors has been a permanent fea-
ture of ESG studies for many decades. Recently, building 
on advances in the methodology of seismic interferom-
etry of ambient noise or microtremors, Sánchez-Sesma 
et  al. (2011) and Kawase et  al. (2011) use the diffuse 
field theory to propose new relationships between an 
underground velocity model and microtremor H/V, or 
earthquake H/V, respectively. Sánchez-Sesma (2017) 
investigate the nonuniqueness issue of 1D velocity model 
inversions based on the H/V spectral ratio only, by 
inverting jointly the H/V ratio and the dispersion curves 

of fundamental modes of Rayleigh and/or Love waves. 
Kawase et  al. (2018) use statistical analysis to compare 
microtremor (M) and earthquake (E) H/V spectral ratios 
from a large set of permanent strong ground motion 
stations to derive simple, frequency-dependent correc-
tion factors to estimate EHVSR from easily obtainable 
MHVSR and propose a relatively simple method for the 
derivation of 1D velocity profiles from corrected micro-
tremor H/V ratios. Matsushima et  al. (2017) observed 
a directional dependence of microtremor H/V at the 
Onahama station, Fukushima, Japan. The directional 
analysis of dense, single-point microtremor measure-
ments allowed them to identify the presence of a shallow, 
wedge-like lateral heterogeneity, parallel to the direction 
of the axis of the larger microtremor H/V amplitude, con-
sistent with the strong motion observations. Meanwhile, 
Wu et al. (2017) propose a simplified approach to invert 
the 1D velocity structure directly from the microtremor 
H/V ratio, on the basis of the locked mode (“cap-layer”) 
approximation allowing the use of the residue theorem.

Asano et  al. (2017) obtain long-period inter-station 
Green’s function in the Osaka sedimentary basin, Japan, 
using ambient noise (microtremor) cross-correlation 
functions. The fairly good match with the simulated 
inter-station Green’s functions based on the present 
Osaka sedimentary basin model (Sekiguchi et  al. 2016) 
shows the applicability of noise cross-correlation for 
velocity model validation. Salameh et al. (2017) propose, 
using a case study from Beirut (Lebanon), the combina-
tion of microtremor observations at ground surface with 
those within buildings, coupled with a background model 
based on extensive site and building response calcula-
tions, to provide urban-scale damage estimates on the 
basis of easily available dynamic parameters (soil and 
building frequencies, H/V amplitude). Kleinbrod et  al. 
(2017) show the usefulness and repeatability of ambient 
vibration on rock slopes to characterize unstable areas 
from the directional dependence and the amplitude of 
the H/V spectral ratios.

Finally, in order to optimize the efficiency of ground 
motion prediction equations and building code provi-
sions, site characterization issues should be addressed 
continuously. Derras et  al. (2017) use the KiK-net data 
to investigate the performance of several parameters as 
site condition “proxies” to reduce the aleatory variability 
of GMPEs and recommend the use of pairs of proxies. 
They also identify significant site response nonlinearities 
and discuss the ability of various site proxies and load-
ing to account for them. The objective of Stambouli et al. 
(2017) is similar, i.e., to identify optimal site condition 
proxies, but their approach is based exclusively on 1D, 
linear numerical simulations, together with the use of 
a special kind of neural network to derive appropriate 
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relationships between various site parameters and site 
amplification functions.

This special issue presents a representative selection 
of recent advancements in ESG studies, including top-
ics such as strong motion observation, field investigation 
of microtremor and/or seismic ground motions, their 
analysis using a wide variety of processing and inver-
sion techniques, and their interpretation and comparison 
with forward simulation models. These studies reflect the 
ongoing efforts to improve strong ground motion predic-
tion for future earthquakes. We expect new challenges 
and further advances of ESG studies that contribute to 
the reduction in earthquake disasters all over the world.
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