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ABSTRACT

 The Shanchiao fault, located to the west of the Taipei Basin in northern Taiwan, is a highly active normal fault that 
has a left-slip component and fault length of over 40 km. We suggest that the Shanchiao fault still has the ability to induce 
coseismic subsidence in the Taipei Basin under present extensional regime of northern Taiwan. In order to characterize the 
coseismic ground deformation and assess the potential inundation hazards in Taipei Basin, we estimate surface displacements 
using elastic dislocation models. The largest slip is assumed to be located underneath the Kuandu area due to the observa-
tion of deepest Tertiary basement in this area. Based on the topography changes due to coseismic deformation in a potential 
magnitude 7 event induced by reactivation of the Shanchiao fault, a 2D inundation model was adopted to simulate several 
inundation scenarios, including potential flood inundation below high tide condition and under various return-period design 
rainfall events. The predicted inundation maps based on various return-period flood events can provide information to assess 
potential earthquake-induced inundation hazards.
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1. INTRODUCTION

Located west of the Taipei Basin, the Shanchiao fault is 
a highly active normal fault that has left-slip component and 
fault length is over 40 km (Fig. 1). Therefore, an assessment 
of the seismic hazards is a critical need for the highly urban-
ized Taipei metropolitan area (e.g., Wang et al. 2006; Wang 
2008). In addition, according to historical documents, an 
earthquake large enough to destroy an aboriginal house and 
produce an earthquake-induced lake “Kanshi Taipei Lake” 
might have occurred in this area during April 1694 (Hsu 
1983). Consequently, the potential inundation induced by a 
large earthquake along the Shanchaio fault is an important 
issue for natural hazard mitigation in this area. During the 
past few decades, several deep boreholes have been investi-
gated to provide geological information about the geometry 
of basement rocks, stratigraphic sequences, and coseismic 
slip of paleoearthquakes (Huang et al. 2007).

Surface overland flow processes are primarily deter-
mined by topography, land cover and soil characteristics. 
They can generally be described by a two-dimensional (2D) 
diffusive overland-flow model based on non-inertia surface 
flow dynamics in rural areas (Wasantha Lal 1998). For 2D 
inundation models, the mathematical equations governing 
flows over watershed surface are dynamic wave equations. 
It is difficult to use dynamic wave equations for the analysis 
of a distributed surface with adverse slopes and irregular ge-
ometry in a floodplain. If inertial terms are relatively appar-
ent in the governing phenomena, such as rapidly rising stage 
flood or dam-break flows, then the dynamic wave equations 
must be completely considered. On the other hand, a simpli-
fied form of the dynamic wave equations, the non-inertia 
wave (diffusion wave) model, neglecting the inertial terms 
but considering the backwater effect, is physically appli-
cable to simulate regional overland flow in floodplains. A 
diffusive-wave model was first proposed by Cunge et al. 
(1976), and similar approaches have been developed and 
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applied by many researchers (Vongvisessomjao et al. 1985; 
Bates et al. 2003). Hsu et al. (1990) and Wasantha Lal (1998) 
compared the performance of various numerical schemes on 
developing 2D diffusive-wave models, including an explicit 
scheme, simply explicit scheme (SES), alternating direction 
implicit scheme (ADI) and an alternating direction explicit 
scheme (ADE). The diffusive-wave model can accurately 
predict flood inundation processes according to various 
land uses and detailed topographic data (Hsu et al. 2002; Yu 
and Lane 2006). In this study, a 2D diffusive-wave model, 
namely the 2D inundation model, with ADE scheme was 
adopted to simulate flood inundation.

The 2D inundation model adopting ADE scheme is ver-
ified by using the measured data in the Typhoon Nari event. 
Based on the topography changes resulting from coseismic 
deformation in a potential magnitude 7 event, the 2D inun-
dation model is employed to simulate several scenarios of 
inundation conditions, including potential flood inundation 

under high tide and flood simulations in various return-pe-
riod design rainfall events. The simulated inundation depth 
and areas based on various return-period events can provide 
information to disaster emergency responses and flood miti-
gation measures for the infrastructure planning. 

2. GEOLOGICAL AND HYDROLOGICAL BACK-
GROUND

2.1 Geological Setting

Taiwan is located on the convergent boundary between 
the Philippine Sea plate and Eurasian plate (Fig. 1a). The 
convergence rate is about 8 cm yr-1 (Hu et al. 2001; Lin et 
al. 2010). The Taiwan mountain belt has resulted from the 
collision between the Luzon arc and the Eurasian continent 
about 5 Ma ago (Ho 1986; Teng 1990, 1996) and produced 
the fold-and-thrust belt in western Taiwan. The fold-and-
thrust belt of Taiwan advanced northwestward, while the 

Fig. 1. (a) Topographic feature of the Taipei Basin. (b) Simplified geological cross section of the Taipei Basin (modified from Chen et al. 2007). 
White arrows: inactive faults; Red arrow: active fault.

(a)

(b)



Potential Inundation Hazards Induced by Reactivation of the Shanchiao Fault 531

orogen growth was propagating southwestward along the 
passive continent margin of the Eurasian plate (Suppe 
1984). The northern part of the mountain belt, including the 
Taipei metropolitan area, is now in a transtensional regime 
due to the westward propagation of the Ryukyu subduction 
system (Hu et al. 1996, 2002). The extension of the Taipei 
basin is possibly affected by the southward propagation of 
active collision (Teng et al. 2001; Chen et al. 2007).

The Taipei Basin is surrounded by the Tatung Volcano 
Group, Linkou Tableland and Western Foothills. The tri-
angular-shaped half-graben Taipei Basin is filled with late-
Quaternary fluvial deposits dating to about 0.4 Ma (Wei et 
al. 1998; Teng et al. 2001), which lie uncomformably over 
deformed Miocene sedimentary strata. The maximum thick-
ness of deposits in the basin is about 700 m (Wang et al. 
2004). The Tatun Volcano Group is mainly composed of 
late Quaternary andesitic volcanic formations. The Linkou 
Tableland located to the west of Taipei Basin is covered 
by Quaternary thick lateritic conglomerates as an ancient 
fan-delta which rests above Miocene/Pliocene sedimentary 
rocks (Chen and Teng 1990). The Western Foothhills are 
composed of fold-and-thrust belt of Miocene continental 
margin sedimentary strata.

One of the major natural hazards is potential flood in-
undation in the Taipei Basin induced by the rupture of the 
normal fault occurring along the Shanchiao fault. The low-
lands created by fluvial process along the Tanshui River that 
passes through the Taipei Basin are densely populated and 
protected by levees along the banks with a 200-year return 
period protection level. The average elevation of the low-
land areas in the Taipei Basin is about four meters above the 
mean sea level, and the elevation decreases mildly north-
ward with a slope of approximately 0.1%.

The Shanchiao fault separates the Taipei Basin and the 
Linkou Tableland (Fig. 1b), which is considered as the ma-
jor active structure responsible for the ongoing extension  
(Chen et al. 2007). Huang et al. (2007) identified three pale-
oseismic events which occurred at 8400 - 8600, 9000 - 9300 
and 11000 years B.P. Morphotectonic analysis showed a 
series of scarps between the tableland and the basin which 
mark the surface expression of the Shanchiao fault (Chen 
et al. 2010). These observations might imply that the Shan-
chiao fault is an active fault, thus a more complete assess-
ment of the hazards is necessary for the Taipei Basin. We 
choose the areas bounded by river levees and elevation con-
tour lines of 50 m. Four zones of flood inundation simu-
lation, including Beitou, Shilin, Lujhou and Sinjhuang, are 
shown in Fig. 2. 

2.2 Potential Earthquakes

In order to evaluate the magnitude of an earthquake 
which would rupture the Shanchiao fault, it is necessary to 
understand the seismogenic regime in the study area. Al-

though the seismicity is quite low in the Taipei metropoli-
tan area, numerous earthquakes still occur in this area (Hsu 
1983; Wang 1998; Lin 2005). One of the destructive earth-
quakes in the study area was an event in 1694 in the Em-
peror Kangshi period during the Ching Dynasty which had 
an estimated magnitude of 6.5 according to Wu (1978) and 
7.0 by Hsu (1983). This event is assumed to have resulted 
in the formation of Kanshi Taipei Lake (Shyu et al. 2005). 
Based on the stratigraphic record from boreholes drilled 
along the Shanchiao fault, the maximum displacement for 
each subsidence ranged from 2.3 to 4.5 m (Huang et al. 
2007). These observations are consistent with the estimates 
of Wang (2008) who suggested that a maximum displace-
ment of 3.28 m could occur due to the rupture of Shanchiao 
and Chinshan fault by a magnitude 7.0 event. 

One of the important parameters for estimating the 
magnitude of an earthquake that would rupture the Shan-
chiao fault is the dimensions of the fault (fault length and 
fault width). Based on the relationship between displacement 
and fault length, several authors have estimated the rupture 
length and magnitude of the event occurring along the Shan-
chiao-Chinshan fault system (e.g., Shyu et al. 2005; Huang 
et al. 2007; Chiu et al. 2008; Wang 2008). These studies 
have suggested that the length of the Sanchiao fault is about  
11 km, extending from south of the Tanshui River to Sin-
jhuang (Lin et al. 2000). The length of the northward exten-
sion of the Shanchiao fault to the Tatun volcano area is an 
important variable to consider. Shyu et al. (2005) suggested 
that a magnitude 6.9 event could rupture the Shanchiao-
Chinshan fault system with a total fault length of 45 km 
and a fault width of 15 km. However, Wang (2008) argued 

Fig. 2. Four inundation simulation zones.
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that Shyu et al. (2005) overestimated the fault width. Wang 
(2008) suggested an earthquake of magnitude 6.3 - 7.8 with 
a maximum slip of 0.27 - 39.35 m, based on the empirical 
regression equation of Wells and Coppersmith (1994), and 
a fault length of 45 km. Wang (2008) also proposed an opti-
mum magnitude of 7.0 with a maximum slip of 3.28 m. Huang 
et al. (2007) calculated an earthquake with magnitude rang-
ing from 6.9 to 7.1 with a surface rupture length from 33 to  
48 km, based on the inferred displacement of 2.3 to 4.5 m 
along the Shanchiao fault.

Recently, shallow seismic reflection surveys have  
been conducted north of the Tanshui River and further  
north to the Chinshan area to delineate the northward ex-
tension of the Shanchaio fault (Shih et al. 2008). They 
found the total length of the Shanchiao fault was more than  
36 km. Based on LiDAR-derived DEM, Chan et al. (2005) 
observed the existence of a normal fault system in Tatun 
Volcano Group. Furthermore, inversion structures from 
reverse fault to normal fault were observed in the seismic 
profiles of CPC in the offshore area (Hsiao 1996). These 
observations can lead to valuable constraints regarding the 
potential earthquake magnitude and the fault geometry and 
dimensions. However, the coseismic topographic changes 
induced by the potential reactivation of the Shanchiao-
Chinshan fault system strongly depend on the slip patterns 
along the fault plane.

2.3 Hydrological Data

River stage heights are usually higher than those of 
storm sewer flow and overland flow in lowlands during pe-
riods of intense precipitation leading to flooding. It is not 
feasible to drain surface runoff by gravity with the high 
river stage; therefore, the openings (i.e., gates as crossing 
passes or outlets of the pumping stations) of the levees are 
closed during flooding. The flood propagation characteris-
tics of surface runoff depend on the topography of the land 
surface. Therefore, flood inundation is strongly related to 
topography. Moreover, flood propagation is also impeded 
by obstructions existing on the land surface such as build-
ings, vegetation, other structures, etc. (Hsu et al. 2000). The 
impediment of flow by frictional resistance can be related to 
the Manning’s roughness coefficient which is usually used 
to represent the friction term when describing water flow in 
channels (Wasantha Lal 1998; Hsu et al. 2002). 

Typhoons and torrential rains have often affected Tai-
wan and brought about serious damage and loss of life. 
Among recent typhoons, Typhoon Nari was particular be-
cause of its unique track on 16 September 2001. Due to 
warm sea surface temperatures and the steep terrain of Tai-
wan, Nari brought heavy rainfall and flash flooding. Serious 
economic and societal damage, including 92 human lives 
lost, resulted (Sui et al. 2002). The cumulative rainfall for 
a 24 hour period was 669 mm during Typhoon Nari at the 

Wudu rain gauge station located in northern Taiwan, which 
was the second highest 24 hour rainfall recorded in Taiwan 
(The 10th River Management Office 2002). 

There are total 54 rain gauges recording rainfall data 
in the Taipei Basin. The spatial distribution of rainfall was 
estimated using the Kriging approach. Figure 3 shows the 
equal precipitation contours (isohyets) of Typhoon Nari at 
the rainfall intensity peak of the Sanchong station. Figure 4 
shows the rainfall hyetograph at the Sanchong during Ty-
phoon Nari, which will be employed as the input for inun-
dation simulation to verify the 2D inundation model in next 
section.

In order to investigate the potential inundation haz-
ards with different levels of disaster prevention in terms 
of different return periods, rainfall of various return-pe-
riod events were analyzed. The hyetograph of the rainfall 
pattern in northern Taiwan as shown in Fig. 5 was gener-
ated using the alternating block method from an intensity- 
duration-frequency (IDF) curve (Chow et al. 1988). Avail-
able rainfall records from 1897 to 2001 in the Taipei Basin 
were used in a frequency analysis adopting the log-Pearson 
Type III distribution. The frequency-based rainfall intensity 
of various durations is obtained to determine the IDF curve 
by Horner’s equation (Chow et al. 1988). According to a re-
port by the Water Resources Agency (2003), the total rain-
fall in a 200-year return-period event with 24-hr duration  
at Sanchong is 543 mm with a peak rainfall intensity of  
75 mm hr-1. Using the peak of rainfall intensity at the San-
chong as an example, the spatial total rainfall distribution 
for northern Taiwan for a 24-hr 200-year rainfall event is 
shown in Fig. 6. Other total rainfalls for various return-pe-
riod events for 5-, 10-, 25-, 50-, and 100-year return periods 
and their corresponding peak values of rainfall intensity are 
listed in Table 1. 

3. METHODS
3.1 Dislocation Model

We used the Poly3D software developed by the Stan-
ford University (Thomas 1993) for forward modeling of 
surface deformation in the Taipei Basin (Huang et al. 2007) 
and the estimation of fault length of Shanchiao-Chinshan 
fault system. The advantage of the Poly3D code is that this 
method can evaluate the displacements, strains and stresses 
induced in an elastic whole- or half-space by planar, polygo-
nal-shaped elements of a displacement discontinuity. In ad-
dition, the polygonal elements in Poly3D are well-suited for 
modeling complex surfaces with curved boundaries (Maerten 
et al. 2005). Fault surfaces which change in both strike and 
dip can be meshed by triangular elements without creating 
gaps or overlaps. Triangular elements are more flexible for 
simulating complex geometries than rectangular elements 
(Okada 1985). Division of surfaces into triangular elements 
allows for construction of three dimensional fault surfaces 
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that more closely approximate listric surfaces and curved 
tiplines without introducing overlaps or gaps. We used this 
advantage of triangular elements to closely fit the surface 
fault trace and listric Shanshiao normal fault (Fig. 7).

The fault length is 55 km and fault width is 25 km. 
The dip angle changes gradually from 80° near the surface 
to 50° at the depth of 9 km, then to 50° at deepest part. 

We used the relationship between maximum displacement 
and fault length reviewed by Kim and Sanderson (2005) to 
understand how surface deformation varied over different 
length scales. Because the hypercenter of historical events 
are poorly constrained, the maximum slip of each event was 
assumed to be at a depth of 9 km below the bedrock of the 
Taipei Basin.

Fig. 3. Peak rainfall intensity distribution of Typhoon Nari in 2001.

Fig. 4. Rainfall hyetograph of Typhoon Nari at the Sanchong station.
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Fig. 5. Rainfall pattern for 24-hr duration in Northern Taiwan.

Fig. 6. Spatial total rainfall distribution in a 200-year 24-hr event.

Table 1. Total 24 hour rainfall and corresponding peak rainfall intensity for various return-period events at the Sanchong station.

Return period (year) 5 10 25 50 100 200

Total rainfall (mm) 268 320 387 433 485 543

Peak rainfall intensity (mm hr-1) 37 44 54 60 67 75
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Displacements Dp  at points (p) on the Earth’s surface 
due to slip Se  on elements (e) of a buried fault can be de-
scribed by a set of linear equations

D G S E,p e p e= +          (1)

where E are the observational errors and G ,e p  are the Green’s 
functions that describe how slip on a fault element produces 
displacement at the Earth’s surface. This set of equations 
can be used to forward model surface displacements from 
known fault geometry and slip distribution. 

To carry out the inverse problem, we searched for a 
solution that simultaneously minimized the L-2 norm of the 
data misfit and of the model roughness. This method allows 
fitting of the data to a desired threshold while incorporating 
the geological concept that slip distributions are somewhat 
smooth rather than oscillatory (Segall and Harris 1986). As 
for minimizing the model roughness and misfit, this proce-
dure can prevent overfitting of noisy data and compensate 
for underdetermined model parameters and geometrical in-

accuracies. The misfit and model roughness of the slip in-
version can thus be written as: 

min Gs D m2
2

2f D- + -6 @       (2)

where Gs 2  is the L-2 norm of the data misfit and 
m2

2f D-  is a measure of the model roughness. The data 
misfit was calculated by subtracting the observed displace-
ments, d, from the modeled displacements, which were 
themselves calculated by multiplying the Green’s functions 
G by the modeled slip m. The model roughness term is com-
posed of a scalar smoothing parameter, ε, multiplied by the 
L-2 norm of a discrete second-order difference operator, D. 
This term includes Laplacian modeled slip, m2d , in order 
to minimize the non-dimensional model roughness which is 
defined as the change in fault slip per length of fault squared 
(Segall and Harris 1986). 

The maximum slip was assumed to occur underneath 
the deepest Tertiary bedrock at the northwestern margin 
of Taipei Basin. Based on the empirical regression of fault 
length and magnitude, a maximum fault slip of 3.28 m was 
estimated for an earthquake of magnitude 7.0 (Wang 2008). 
However, based on the analysis of borehole data, Huang 
et al. (2007) suggested the inferred displacement of along 
the Shanchiao fault ranges from 2.3 to 4.5 m which could 
yield an earthquake magnitude of 6.9 and 7.1, respectively. 
Kim and Sanderson (2005) proposed a scaling law for the 
relationship between maximum cumulative displacement 
on a fault and the maximum linear dimension of the fault 
surface. Therefore we tried several different rupture centers 
at different depths. We found that when the depth of rup-
ture center was less than 9 km, it could result in the rupture 
length greater than 30 km. For example, if the rupture center 
is located at depth of 7 km, the predicted rupture length is 
32 km and the maximum surface slip is about 2.5 m. For 
the rupture depth at 5 km, the predicted rupture length is 
about 35 km and the maximum surface slip is about 4.5 km. 
These predicted surface slip lengths are consistent with the 
observation from borehole data which suggest a range of 
2.3 to 4.5 m along the Shanchiao fault (Huang et al. 2007). 
Consequently, in our hazard assessment, the model with 
the rupture centre at the depth of about 5 km was selected  
(Fig. 8a). The area of subsidence due to coseismic displace-
ment is about 450 km2 and the maximum subsidence is 
about 2.1 m (Fig. 8b). 

3.2 2D Inundation Model 
3.2.1 Basic Equations

Assuming that acceleration term of water flow on the 
ground surface is small compared to gravitational and fric-
tional terms, the inertial terms in the motion equations are 
neglected. The equation is for depth-averaged shallow water 

Fig. 7. The construction of three-dimensional fault plane of Shanchiao 
fault.
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flow on the ground surface can be written as:
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where d is the depth of flow, u is the velocity component in 
the x-direction, v is the velocity component in the y-direc-
tion, t is the time, q is the source or sink per unit area, z is 
the ground elevation, n is Manning’s roughness, and g is the 
gravitational acceleration.

In this study, the two-step alternating direction ex-
plicit (ADE) scheme was adopted to establish the inunda-
tion model. The finite difference equations, derived from  
Eqs. (3) - (5) in each time step, are written as follows.
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where m, i and j are time, x and y are spatial indices, re-
spectively, t t tm m1D = -+ , x x xi i1D = -+ , y y yi i1D = -+ . Using  
Eqs. (6) and (7), u /m 1 2+  and d /m 1 2+  in the x-direction can be 
solved simultaneously. Then v /m 1 2+  can be obtained from  
Eq. (8).
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In the second time step, Eqs. (9) and (10) are used to solve 
vm 1+  and dm 1+  in the y-direction, and Eq. (11) is used to solve 
for um 1+  directly. 

3.2.2 Boundary Conditions

For the simulation, the levees and the ground eleva-
tion contour lines of 50 m were defined as closed bound-

Fig. 8. (a) The slip along the fault plane with the maximum slip at the depth of 9 km. (b) The coseismic vertical displacement field induced by a 
magnitude of 7.0 event on the fault of (a).

(a)

(b)
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aries. The levees designed to protect 200-year flood were 
assumed to be high enough to prevent river water flowing 
over the top of the levee. Along the levee, the lateral inflow 
normal to the closed boundary is set to be zero. For the accu-
mulated rainfall of various return-period events, the pump-
ing stations work normally with full capacity are assumed 
and treated as numerical sinks in inundation simulations for 
potential hazards.

3.2.3 Model Verification

A comparison of simulated results and measured data 
should be made to verify our inundation model. Typhoon 
Nari, which brought about the worst damage in the northern 
Taiwan in the last decade, was chosen as the study case for 
model verification. Considering the major subsidence areas 
shown in Fig. 2, four simulation zones bounded by river 
levees and contour lines at 50 m elevation, including Be-
itou, Shilin, Lujhou and Sinjhuang, were used to construct 
the grid meshes using a 40 m × 40 m grid size. Manning’s 
roughness was adjusted and set at be the values of 0.07, 0.06 
and 0.07 for commercial, residential and industrial areas, 
respectively. For hydrological data as presented in Figs. 3 
and 4, the spatial rainfall distribution with the equal pre-
cipitation contours of Typhoon Nari was calculated for each 
computational time at one hour intervals. In each grid, the 
rainfall intensity data is imposed as the source parameter q. 

There are no precise survey data of inundation areas 
and depths during flooding. After Typhoon Nari, the survey 
data of the inundation areas only in Lujhou and Sinjhuang 
simulation zones were produced (The 10th River Manage-
ment Office 2002). The simulation results compared with 
the surveyed inundation areas are shown in Fig. 9. For 
model verification, the inspection of simulation results and 
surveyed data reveals that most inundation situations can be 
reasonably simulated by the model. 

4. RESULTS AND DISCUSSION
4.1 Surface Subsidence Due to the Activation of the 

Shanchiao Fault

The degree of seismic-induced land subsidence is a 
crucial aspect for a hazard assessment using our inundation 
model. Recently, borehole data, seismic profile and LiDAR 
survey made it possible to estimate the range of magnitude 
of paleoseismicity, the maximum and average displacement 
for paleoevent of the Shanchiao-Chinshan fault system. Due 
to the poor constraint of the slip pattern along the Shanchiao 
fault, we use the maximum slip of at a rupture centre under-
neath west margin of Taipei Basin where the thickness of 
late-Quaternary deposits is about 700 m. We used models 
with varying rupture center depths with the constraints of 
inferred slips of 2.3 to 4.5 m from borehole data (Huang 
et al. 2007). When seismic moment-magnitude reaches 6.5, 

the hanging wall of Shanchiao fault could subside over 1 m. 
The maximum subsidence value is over 2.1 m and the area 
subsides below elevation 0 m is about 40 km2 when a mo-
ment-magnitude 7.0 earthquake occurs along the Shanchiao 
fault. The region, spreads around Beitou, Shilin, Lujhou and 
Sinjhuang could be submerged by flood.

4.2 Scenarios for Potential Inundation Hazards 

Based on the topography changes resulting from co-
seismic deformation of a potential magnitude 7.0 event, 
several scenarios of inundation situations, including flood 
inundation below high tide and potential inundation under 
various return-period events, were simulated.

4.2.1 Flood Inundation below High Tide

The lowlands in the Taipei Basin are protected by le-
vees. Ground deformation induced by the reactivation of 
Shanchiao fault may cause cracking of concrete walls or 
embankments, resulting in levee failure. We assumed that 
there are sufficient openings on the broken levees due to 
uneven ground deformation. According to the periodic tides 
at the Tanshui River mouth, the tide ranges about from -1 
to +1 m under normal conditions. Not considering storms or 
typhoon rainfall, the water confined in the river may flow 
into the lowlands. At high tide (elevation +1 m), without 
pumping stations operating, the resulting inundation areas 
were estimated to cover about 33 km2, shown in Fig. 10, 
which covers about 15% of the Taipei metropolitan region. 
Four locations, namely Gandau (A), National Open Univer-
sity (B), Wugu (C) and Changping elementary school (D), 
were selected to show the flood inundation and propagation 
characteristics. As shown in Fig. 10, inundation depths at  
A - D were 1.77, 2.83, 1.86, and 2.67 m, respectively. 

4.2.2 Potential Inundation Simulations under Various 
Return-Period Events

Regarding disaster prevention, six scenarios for po-
tential inundation hazards were investigated using various 
return-period events for flood protection. Using the design 
rainfall pattern in Fig. 5 and total rainfall shown in Table 1, 
the potential inundation hazards before and after land sub-
sidence for various return-period events were simulated. 

A 200-year, 24-hr design rainfall was first simulated to 
analyze surface inundation without land subsidence induced 
by ground deformation. In the simulation zones bounded by 
levees, the pumping stations (see Fig. 10) were assumed to 
operate normally with full capacity during the flood events. 
Figure 11 shows the simulated inundation areas, recording 
the maximum inundation depth for each grid in computa-
tion. In general, the flooding areas occur in the lowlands 
with relatively low ground surface elevations, typically 
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along the drainage systems or riverside regions. The hydro-
logical inputs were the same as those in the case without 
ground deformation are given for the inundation simulation 
after land subsidence. The simulated results after subsid-
ence are shown in Fig. 12. It is obvious that the higher inun-
dation depths can be found after land subsidence, typically 
around the locations A - D (see Fig. 10). At locations near 
the Shanchiao fault, greater subsidence can occur. In addi-
tion, simulated inundation areas and depths depend on flood 
propagation characteristics which are affected by ground 
deformation. Other return periods for 5-, 10-, 25-, 50-, and 
100-year rainfall events are also simulated. The results of 
simulated inundation areas and average depths are listed in 
Table 2 for comparison. 

As listed in Table 2, the simulated inundation areas af-
ter land subsidence increase as the return periods of design 
rainfall increase, except for the 5-year return-period flood. 
This discrepancy may be attributable to surface runoff as 
overland flow which is trapped locally in the surface-de-
formed lowlands generates more serious inundation than 
that in the 5-year return-period flood. For a 200-year, 24-hr 
design rainfall condition, 8.8% increment of the inundation 
area after land subsidence can create significant difficulty 
in emergency response and rescue operation. Moreover, the 
average inundation depths listed in Table 2 were calculated 
by summing the water volume of each grid in the entire sim-
ulation zones and dividing by the simulated inundation area 
for corresponding design rainfall event. There is no regular 
tendency of depth increment while the total amount of de-
sign rainfall increases, which may be attributed to irregular-
ity of ground surface. 

Nevertheless, the detailed water depth variations over 
time during inundation provide information on surface run-
off propagation, which can be useful to schedule evacuation 
routes and transportation for local people in the flood event. 
Figure 13 shows the water depth variations at the observa-
tion points under a simulated 200-year 24-hr rainfall. As 
seen in Fig. 13, the water depth at Gandau (A) begins to 
rise about 10 hours after it rains. Twenty-four hours later, 
the water depth reaches 1.9 m deep without land subsid-
ence, but the water depth can increase to 2.35 m deep after 
subsidence. In this case, surface runoff may flow toward 
the lowland in that area, and the water level rises gradually. 
The water depth variations at National Open University (B) 
showed a similar pattern to those at A. This indicates that 
surface runoff flows into that location raises the water depth 
after 10 hours and increases slowly until 16 hours; after that 
the water depth increases at a faster rate up to 0.5 m deep 
after 24 hours. For the observation point at Wugu (C), the 
water depth reaches the maximum depth at nearly the same 
level for both with and without subsidence. This shows 
that surface runoff propagates and gets trapped locally at 
that relatively low location. Although the ground elevation 
drops 1.86 m at C, the inundation depth does not increase 
much by resulting land deformation. Basically, the ground 
elevation changes may alter the surface runoff direction of 
flood propagation to raise the water depth earlier than that 
without subsidence. Moreover, the water depths at C drop 
gradually after the peak inundation to demonstrate the effect 
of pumping station nearby. Likewise, the observation point 
at the Changping elementary school (D) presents a similar 
depth variation pattern as C. However, the pumping effect 

Fig. 10. Estimated inundation areas under high tide condition.Fig. 9. Simulated and surveyed inundation areas in Typhoon Nari.
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is more significant at this location and causes a decrease in 
depth. If the maximum inundation depth is sorted during 
each return-period flood, the maximum values of inundation 
depth can be plotted for various return-period events at each 
location as shown in Fig. 14. Except for D, it is apparent 
that the maximum inundation depth increases as the total 
amount of rainfall increases, and the depth difference with 
and without subsidence also increases when the rainfall re-
turn period increases. 

5. CONCLUSION

Based on the empirical relationship between fault length 

and magnitude, we used a half-space dislocation model to 
simulate the topographic changes induced by the magnitude 
of 6.5 - 7.0 earthquake occurring along the Shanchiao fault. 
When a magnitude of 6.5 event with a maximum slip along 
the Shanchaio fault rupture at a depth of 5 - 7 km under-
neath the west margin of the Taipei Basin near the Kuandu 
area, it can result in a coseismic subsidence area of about  
340 km2 with maximum coseismic subsidence of 1.2 m. 
When an earthquake of magnitude 7.0 ruptures, the coseis-
mic subsidence area is about 450 km2 and the maximum 
coseismic subsidence is about 2.1 m. 

The 2D inundation model was first verified by com-
paring the simulated inundation areas with the measured 

Fig. 11. Simulated inundation areas in a 200-year 24-hr flood. Fig. 12. Simulated inundation areas in a 200-year 24-hr flood after 
subsidence.

Table 2. Potential inundation areas and depths for various return-period events.

Return  
period
(year)

Inundation area (km2) Average inundation depth (m)

Before land  
subsidence 

After land  
subsidence 

Increment
(%)

Before land  
subsidence 

After land  
subsidence 

Increment
(%)

5 20.82 22.30 7.12 1.08 1.11 2.78

10 24.16 24.50 1.39 1.14 1.21 6.14

25 26.04 26.49 1.71 1.23 1.31 6.50

50 26.68 28.49 6.76 1.29 1.34 3.88

100 27.51 29.54 7.38 1.36 1.39 2.21

200 28.60 31.12 8.79 1.41 1.43 1.42
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data for Typhoon Nari event to show the applicability of 
the model. Based on the topography changes resulting from 
coseismic deformation in a potential magnitude 7 event, the 
2D inundation model was adopted to simulate several sce-
narios of inundation situations due to land subsidence, in-
cluding potential flood inundation below high tide condition 
and under various return-period design rainfall events. 

Under high tide condition without the operation of 
pumping stations, the resulting inundation areas are esti-
mated to have 33 km2 due to levee failure, which may cover 
about 15% the Taipei metropolitan region. The simulated 

inundation results show the larger inundation depths can be 
found after land subsidence, especially near the Shanchiao 
fault. Essentially, the simulated inundation areas and depths 
depend on flood propagation characteristics which are ob-
viously affected by coseismic deformation. The simulated 
water depth variations during inundation provide informa-
tion of surface runoff propagation with time, which might 
be useful to schedule evacuation routes and transportation 
plans for persons in the affected area. The resulting inunda-
tion maps based on various return-period events can also 
provide information for disaster emergency responses and 

Fig. 13. Inundation hydrographs at the observation points in a 200-year 24-hr event.

Fig. 14. Maximum inundation depths at the observation points in various return-period events.
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flood mitigation measures such as infrastructure planning, 
with respect to potential hazards induced by reactivation of 
the Shanchiao fault. 
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