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Introduction



Co-seismic Groundwater Level Changes 
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• Many hydrogeological phenomena occur following an earthquake. One of the most interesting phenomena is the change in

groundwater level induced by the earthquake.

• The large scales of co-seismic water level changes in mainland China were observed in response to the 2008 Wenchuan earthquake

(Ms 8.0 ).

• Many scholars have investigated the co-seismic groundwater level changes induced by the Wenchuan earthquake.

Example (Zhang and Huang,2011):

Traditional Study:

Intermediated field

Far field

How about near field? 



Stimuli of  the Head Variations of  Groundwater
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• The groundwater level could be affected by the environmental factor that can trigger a response or called as stimuli.

• The natural stimuli such as rainfall, sea tide, earth tide, barometric pressure and earthquake usually contribute more to the head

variations of a groundwater system than does artificial stimuli such as pumping.

• The head variations of groundwater which include the stimuli well known as mixed signal which is leading to difficulty in

extracting the head variations contributed by a single stimulus (Tsai & Hsiao, 2020).



Example of  Groundwater Level Extraction
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• Toll & Rasmussen (2007) try to remove the barometric pressure effect and earth tides

from observed water level using regression deconvolution method.

• Regression deconvolution was used to estimate the barometric response function using

paired water level–barometric pressure observations. The residual—or corrected—head

can be calculated once the response function is known.

• (A) Observed multiyear water levels for a well, (B) water levels corrected using a

constant barometric efficiency, (C) water levels corrected using barometric response

function only, and (D) water levels once the barometric pressure and earth tides have

been removed using regression deconvolution.



Objective
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Understand the mechanism of  the co-seismic groundwater level change induced by the Wenchuan

earthquake in the near field. 
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Hypothesis

The undrained consolidate hypothesis states that

the ground shaking causes sediments around a

well to consolidate or dilate, leading to step-like

changes in the pores and changes in the

groundwater level in the well.

The static strain hypothesis states that both the

sign and magnitude of the co-seismic water level

changes can be compared with those predicted

from dislocation theory and poroelastic theory.

The water level rises in the zones of contraction

and falls in regions of dilation.

The deformation is undrained: the pore-pressure

increases when the shear strain exceeds

approximately 10-4.

The process become drained: the pore-pressure

decrease (happen when the shaking is so strong it

exceeds some critical threshold which lead to the

new fractures)

11 22
There are two main hypothesis on the mechanism of  the co-seismic groundwater level change in the near field:



Tectonic Setting
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• Four main faults in Longmengshan fault: The Longmenshan

Qianshan fault, the Longmenshan Houshan fault, the

Longmenshan Central fault, and the Concealed fault at the

mountain front.

• Select a study area with an epicenter distance <500 km (considered

as a near field). Calculated by the length of the Longmenshan

Central fault.

Four major faults:

1. Longmenshan fault

2. Huangyingshan fault

3. Xianshuihe fault

4. Anninghe fault



Data
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• There are 17 wells were used for the study which primarily located along the fault zones and penetrated with a depth ranging from

100-4,076 m. The well with the largest epicentral distance was called the YY well, which was 450 km away.

• The water level data from 16 wells that underwent co-seismic water level changes were collected from 1 January to 30 April 2008.



Several typical co-seismic groundwater level changes
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The major co-seismic groundwater level changes of the wells

in the study area were step-like changes, with some showing

a pulse rise or a gradual change. Several typical co-seismic

groundwater level changes in some wells in the study area:

a. Pulse fall (RCHJ)

b. Step rise (QL)

c. Gradual fall (NX)

d. Step rise (C03)

e. Step fall (DZSW)

f. Step rise (LGH)



Methodology



Static Strain Hypothesis
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The groundwater level data collected

Inverse the volumetric strain induced by the earthquake 

from the tide effect of  the groundwater level

Calculate the static volumetric strain caused by strike-slip 

fault, based on dislocation theory.

Compared and judge if  the mechanism of  the co-seismic groundwater level following 

the Wenchuan earthquake can be explained by the static strain hypothesis



Estimating the Change in the Co-Seismic Volumetric Strain 

by the Tide Effect of  Groundwater
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∆𝑃 = 𝐵𝐾𝑢 −∆𝜀𝑘𝑘 +
1

1 − Τ𝐾 𝐾𝑠

𝑚−𝑚0

𝜌

∆𝑃 = −𝐵𝐾𝑢∆𝜀𝑘𝑘

∆ℎ =
−𝐵𝐾𝑢
𝜌𝑔

∆𝜀𝑘𝑘 ∆ℎ = −𝐴𝑠∆𝜀𝑘𝑘

The changes in the pore pressure that related to the strain:

Where:

∆𝑃 : pore water pressure changes

𝐵 : Skempton’s coefficient

𝐾𝑢 : bulk modulus of  the saturated rock under undrained conditions

∆𝜀𝑘𝑘 : volumetric strains changes

𝐾 : bulk modulus of  the saturated rock under drained conditions

Undrained condition(there are no water flows in or out of the well aquifer system):

𝐾𝑠 : bulk modulus of  the solid grains in the rock

𝑚 −𝑚0 : water mass changes

𝜌 : density of  the water

∆ℎ : height of  the water column changes 

𝑔 : gravity acceleration 

Strain Sensitivity

The water level change in the well is proportional to the

change in the volumetric strain when the well aquifer

system is undrained.



Estimating the Change in the Co-Seismic Volumetric Strain 

by the Tide Effect of  Groundwater
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∆𝐸𝑄 = − Τ𝑑ℎ𝐸𝑄 𝐴𝑠

• When examining the change in water level induced by the volumetric tide strain, 𝐴𝑠 can be obtained from the tidal analysis.

• The strain sensitivity of the water wells, which is based on the response to earth tides, can be applied to the tectonic strain.

The change in the co-seismic volumetric strain estimation:

Strain Sensitivity
The co-seismic volumetric 

strain changes

The co-seismic 

water level changes



Estimating the Change in the Co-Seismic Static Strain 

using a Fault Dislocation Model
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• The calculation of the static strain change (Fault Dislocation Model) induced by the

slip of the fault is to check whether it can fit the strain calculated from the co-seismic

groundwater level change.

• The fault model was obtained from USGS’s finite fault model to get the spatial

distribution of the static volumetric strain.

• In this model, the fault was divided into 168 sub-faults, each with a length of 15 km

and a width of 5 km.

strike

Co-seismic strain distribution calculated 

from the fault dislocation model

Dilation

Contraction



Results and Discussion



Strain sensitivities of  𝑀2 and 𝑂1 for the 16 wells 
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• The effect of barometric pressure was removed using regression deconvolution.

• A band pass filter was then designed and the window function was used to extract the groundwater level tide component.

• Venedikov harmonic analysis was used to process the data.

• 𝑀2 and 𝑂1 are seldom effected by the barometric pressure and have the largest amplitude, the study focused on these two tide

constituents.

The result of  the 𝐴𝑠 calculation  

The largest strain sensitivities 

between 𝑀2 and  𝑂1 was chosen 

∆𝐸𝑄 = − Τ𝑑ℎ𝐸𝑄 𝐴𝑠



Comparison of  co-seismic volumetric strains deduced from two different method
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• The volumetric strain is obtained from the co-seismic groundwater level change (∆𝐸𝑄 = − Τ𝑑ℎ𝐸𝑄 𝐴𝑠).

• The co-seismic volumetric strain change in two ways was obtained (first method used the inversing of the groundwater and the

second method used fault dislocation theory).

The comparison results

The volumetric strain computed from 

the co-seismic change in groundwater 

level in 8 wells were the same order of  

magnitude as the co-seismic static strain 

determined using dislocation theory.

The co-seismic water level changes in 

these wells are explained by the static 

strain hypothesis.



Comparison of  co-seismic volumetric strains and water level changes
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The comparison results:

In the remaining wells, the water level changes 

had the same sign as the static strain change 

calculated from dislocation theory (except ZT)

Dilation (volumetric strain positive) Groundwater level decrease  



Static and dynamic strain and the groundwater level changes
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• Both static and dynamic stresses can cause changes in the water level.

• Near the epicenter static stress dominates decreases more quickly than the dynamic stresses.

• The wells that has inconsistent strain between the two methods mostly had an epicenter distance >300 km.

The changes in water level in wells QL, NX, WD, 

BPLY, RCHJ, TH, C03, and ZT were dominated by 

the dynamic strain



Dynamic strain (seismic wave) and groundwater level changes 
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• The seismic wave record by broadband seismometer at the station near well

C03 (30 km away) was filtered with low pass filtering (<0.1 Hz).

• Comparing the seismic wave with the water-level changes caused by the

Wenchuan earthquake in well C03, the water-level begins dropped following

the oscillation of seismic wave was found.

• The indication of the co-seismic water-level changes in C03 were induced by

the seismic wave, or dynamic strain



Conclusions and Future Work



Conclusions
• The sign of the co-seismic water level changes was consistent with the static strain change predicted using dislocation

theory. Half of the wells could be explained by the poroelasticity theory with the static strain hypothesis.

• The strain calculated from the water level is one or two orders of magnitude larger than the static strain calculated from the

fault dislocation model in the remaining wells. It appears because the excess part of the strain may be caused by the

dynamic strain (caused by the seismic wave and ground shaking).

• The different calculation results for the strains using two methods provide us with a rough estimate of the effective range for

the static stress and the dynamic stress.

• The static stress dominated at an epicenter distance of <300 km (roughly the length of rupture zones), and the dynamic

stress became significant beyond this distance for the. However, different geological conditions and the distribution direction

relative to the epicenter may also play an important role in determining the strain.

23



Future Work
• Groundwater Level Data Decomposition

Using the BAYTAP-G model to decompose the groundwater level data.

• Pre-seismic Groundwater level changes

Find and analyze the groundwater level anomalies related to the earthquake events.

24



BAYTAP-G Signal Decomposition
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BAYTAP-G (Bayesian Tidal Analysis Program-Grouping Model): program uses a Baysian modeling procedure to analyze time

series that contain both tidal and other variations (includes tidal gravity, ocean tides, and strain and tilt data).

Example: Strainmeter data from Esashi, Japan, as processed by BAYTAP-G 

The original data is decomposed into:

• a white-noise part (the ‘‘residual’’)

• a lower-frequency part (the ‘‘drift’’)

• a part correlated with the local air pressure

• a tidal part



Pre-seismic groundwater level changes
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Tide Gauge

Station

Hulien Observation

Well

1 km200 m

Location of  Hualien observation well and tidal gauge station

Distribution of  the Earthquake Events History



Typical hydrograph in observation well
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Station Hua-Lien 2006/8~2006/10
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Groundwater level anomaly
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Thank You 


