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It has been documented for thousands of years that

earthquakes and other tectonic processes have

hydrological effects. Fault ruptures and the seismic

waves they produce deform the crust, so it is expected

that crustal fluids respond. The magnitude of the

hydrological response can be very large because

small stresses can be greatly amplified as changes in

water pressure. This is also the premise behind

searching for earthquake precursors; the very small

hypothesized strains leading up to rupture might have

hydrological, geochemical or geophysical manifes-

tations. The magnitude and spatial and temporal

patterns of reported changes are not always straight-

forward to explain and hence, remain the subject of

active research.

Ten of the 11 papers collected in this special issue

present new observations and explanations. They

include various earthquake-related hydrological,

geochemical and geophysical changes observed in

several seismic regions of Japan, Taiwan, Baja Cal-

ifornia in Mexico, and China mainland. The majority

(seven) of these papers are contributed from China,

including a laboratory study on rock mechanics and a

brief overview of the Chinese efforts in earthquake

prediction research over the past half-century. Similar

collections of papers were published earlier, and they

include King (1980, 1981, 1984, 1986), Dubois

(1995) and Perez et al. (2006, 2007, 2008). For a

book providing a review of the interactions between

earthquakes and water, see Wang and Manga (2010);

a number of other texts provide overviews of how

fluid are affected by mechanical deformation of rocks

(e.g., Wang 2000; Coussy 2004; Segall 2010).

The most important goal of studying the various

earthquake-related changes is to find possible earth-

quake precursors that might be useful for earthquake

forecasting. However, because of the complexity of

the real Earth with many confounding environmental

and geological variables, many claimed precursory

signals turned out not to be precursors to earthquakes.

During the past two decades, the mainstream opinion

has been that earthquakes are not predictable and the

pursuit of prediction should not be continued (Geller

et al. 1997). The discovery of slow-slip events pro-

vides renewed hope for identifying and understanding

precursory signals.

King (2018) describes the characteristics of a

sensitive well in Japan that showed many co-seismic

and several pre-earthquake water level changes, some

of which may originate from slow-slip events. The

well is sensitive because it taps a highly permeable

aquifer connected to one side of a nearby fault con-

sisting of an impermeable gouge layer sandwiched

between two fractured walls and subject to a large

hydraulic gradient.

Streamflow changes after earthquakes are some of

the most dramatic hydrological responses to earth-

quakes. Liu et al. (2017) report streamflow changes at

23 gauges in central Taiwan after the 1999 MW7.6

Chi–Chi earthquake. Post-earthquake increases were

recorded at 22 gauges and are attributed to rock

fracturing by seismic shaking as well as pore pressure

rise due to compressive strain. A large post-earth-

quake decrease was recorded immediately after the

earthquake at the gauge located 4 km from the epi-

center on the hanging wall of the fault. They attribute

1 Earthquake-Prediction Research Inc, Los Altos, CA, USA.

E-mail: chiyuking@gmail.com
2 Department of Earth and Planetary Science, University of

California, Berkeley, CA 94720, USA. E-mail:

manga@seismo.berkeley.edu

Pure Appl. Geophys.

� 2018 Springer International Publishing AG, part of Springer Nature

https://doi.org/10.1007/s00024-018-1923-9 Pure and Applied Geophysics

https://doi.org/10.1007/s00024-018-1923-9
http://crossmark.crossref.org/dialog/?doi=10.1007/s00024-018-1923-9&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00024-018-1923-9&amp;domain=pdf


this decrease to infiltration through the streambed due

to a co-seismic decrease in pore pressure induced by

co-seismic crustal extension. King and Chia (2017)

showed that this 8-month-long streamflow decrease

was preceded by a comparable increase starting

4 days before the earthquake. Further, they document

a pre-earthquake groundwater level change at a well

1.5 km from the surface trace of the fault. Since both

the stream and the well are on the hanging wall, they

attribute the pre-earthquake streamflow increase to

gravity-driven groundwater discharge into the creek

due to crustal buckling, and the water level anomaly

to shallow slow-slip events triggered by the post-

earthquake downward water flow.

The most abundant data come from wells. Sun

et al. (2017) use the Molchan (1990) error diagram

test to interpret data from a well in China, and con-

clude that the well is somewhat predictive of regional

earthquakes, with a prediction gain of a factor of two

within 30 days of water level anomalies. Ma et al.

(2017) document changes in water level after the

2008 Wenchuan earthquake and conclude that chan-

ges in permeability can explain the observed water

level changes. Zhang et al. (2017) similarly show that

earthquake-induced changes in permeability can

explain changes in water level near the Three Gorges,

China, after that same earthquake. Sarychikhina et al.

(2018) compare groundwater level and temperature

changes with ground deformation recorded before

and after a magnitude 5.4 earthquake and its fore-

shock and aftershocks in the Mexicali Valley of Baja

California, Mexico. They attribute the co-seismic

water level changes to static volumetric strains

caused by the main shock, except in one well, where

the water level change may have been affected also

by a triggered slip event on a nearby fault. Some of

the co-seismic temperature changes are explained by

convection and mixing of groundwater by seismic

shaking. These changes together with some gradual

pre-earthquake changes are explainable by the dila-

tancy–diffusion theory, or possibly by assuming the

occurrence of a slow-slip event and/or fault perme-

ability changes.

Wang et al. (2018a, b) studied the stress evolution

during a 10-year period before the 2008 Ms 8.0

Wenchuan earthquake around the seismogenic fault

using the method of cataclastic analysis (Rebetsky

2009). They found some significant stress changes

before the earthquake.

Shi et al. (2017) interpret groundwater and animal

behavior anomalies along a fault zone in the Xichang

area, southwestern Sichuan Province, China, from

May to June 2002, after which no major earthquake

occurred. A comparison with geodetic data and

seismicity suggests that the anomalies may be the

result of increased tectonic activity in the Sichuan–

Yunnan block.

Ren et al. (2017) report a laboratory rock

mechanics experiment in which a series of stick–slip

events were generated along a precut planar strike

slip fault in a granodiorite block under bi-axial

compression. Temperature increased prior to each

slip event in sections of the fault plane due to partial

sliding, but decreased inside the rock itself due to

stress relaxation. The regions of increased tempera-

tures expanded rapidly immediately prior to each

stick–slip event.

In the absence of quality long-term records, it is

not possible to establish the reliability of reported

precursory signals. Wang et al. (2018a, b) provide

brief overview of the extensive effort since 1966 to

monitor hydrological and geochemical changes for

the purpose of earthquake prediction in China. Since

the results of previous studies using this data were

published mostly in Chinese, this overview should

help those who cannot read Chinese to understand

what data were collected and what has been learned

to date.

The papers in this special issue also make clear

that to mount an effective effort to search for, iden-

tify, and then understand precursory signals, it is

important to recognize the heterogeneity of the crust

and to deploy appropriate monitoring instruments at

‘‘sensitive sites’’, such as along faults or weak zones

and especially on the hanging walls in case of thrust

faults, where crustal strain may concentrate. At the

same time, models used to interpret data need to

account for this geological heterogeneity. In view of

rarity of destructive earthquakes in any given region

and for the purpose of understanding background

variations, it is important to maintain long-term

monitoring and data collection.
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