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Onishi, T., et al. Transactions of the Japanese Society of Irrigation, Drainage and Reclamation Engineering (Japan) (2003).

Previous study

Subsurface flow In Terraced Fields

Groundwater measurement
Ponding water measurement

• High groundwater level during the irrigation

• The Fields and slopes were almost saturated 
during the irrigation period.

• Optimize modeling parameters by fitting 
simulated groundwater level to observations 

• The simulation demonstrated the subsurface 
return flow

Groundwater level 



Groundwater measurement
Ponding water measurement

Geological cross section of the study area
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• High groundwater level during the irrigation

• The Fields and slopes were almost saturated 
during the irrigation period.

• Optimize modeling parameters by fitting 
simulated groundwater level to observations 

Impermeable

Onishi, T., et al. Transactions of the Japanese Society of Irrigation, Drainage and Reclamation Engineering (Japan) (2003).

Previous study

Subsurface flow In Terraced Fields

Velocity vector



Groundwater measurement
Ponding water measurement

Geological cross section of the study area

clay
sand

-gravel mixture
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Cultivated soil

• High groundwater level during the irrigation

• The Fields and slopes were almost saturated 
during the irrigation period.

• Optimize modeling parameters by fitting 
simulated groundwater level to observations 

• The simulation demonstrated the subsurface 
return flow (to surface of the next step)

Onishi, T., et al. Transactions of the Japanese Society of Irrigation, Drainage and Reclamation Engineering (Japan) (2003).

Previous study

Subsurface flow In Terraced Fields

Velocity vector
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50 cm

20 cm

~180 cm 20 m

Liu, et al Journal of the American water resources association, 2004

Previous study

Subsurface flow In Terraced Fields

• Simulation the subsurface flow based on 
terraced fields condition in Northern 
Taiwan

• Considering the soil conditions in 
Northern Taiwan

• Assuming that the initial groundwater 
table is 180 cm below the surfaceAssumed soil layer
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• Beneath the bund, the groundwater level increases.
• Groundwater level does not reach to the field surface

Liu, et al Journal of the American water resources association, 2004

Previous study

Subsurface flow In Terraced Fields

Pressure head 

• Simulation the subsurface flow based on 
terraced fields condition in Northern 
Taiwan

• Considering the soil conditions in 
Northern Taiwan

• Assuming that the initial groundwater 
table is 180 cm below the surface

bund

Assumed soil layer

50 cm

20 cm

~180 cm 20 m

bund
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• Beneath the bund, the groundwater level increases.
• Groundwater level does not reach to the field surface
• Field water contributes to the groundwater 
• Little subsurface return flow

Liu, et al Journal of the American water resources association, 2004

Previous study

Subsurface flow In Terraced Fields

Assumed soil layer

Pressure head 

• Simulation the subsurface flow based on 
terraced fields condition in Northern 
Taiwan

• Considering the soil conditions in 
Northern Taiwan

• Assuming that the initial groundwater 
table is 180 cm below the surface

50 cm

20 cm

~180 cm 20 m

bund

bund



Our study

2D simulation (steady state)

11

• Steady and homogeneous conditions
• Topology given from the study area (A-A’ line)

Relative 
Elevation (cm)

Northern 
Taiwan

• The subsurface return flow exists; and the groundwater reaches 
to the field surface. 

• Not flow back to the surface of the next step (different from 
Onishi’s result)

• Inclined flow path
• Field water infiltrates from a part of the field surface

Therefore, different topologies and groundwater level may change
the subsurface flow and the influence the subsurface return flow.



Our study

2D simulation (steady state)
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• Steady and homogeneous conditions
• Topology given from the study area (A-A’ line)

Relative 
Elevation (cm)

Northern 
Taiwan

• The subsurface return flow exists; and the groundwater reaches 
to the field surface. 

• Not flow back to the surface of the next step (different from 
Onishi’s result)

• Inclined flow path
• Field water infiltrates from a part of the field surface

Therefore, different topologies and groundwater level may change
the subsurface flow and the influence the subsurface return flow.
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Method

Geoelectric Resistivity Tomography 
(ERT) Survey→clarify subsurface flow

Relative 
Elevation (cm)

Northern 
Taiwan



ΔV
A BM N

Current, I

Apparent resistivity

𝝆𝒂 =
ΔV

I
𝐺

ΔV : electrical potential difference
I : electrical current
G : Geometric factor

Observed 𝝆𝒂

Optimized 𝝆 (x,y) 

(ERT image) 

Inversion process
arg min ෞ𝜌𝑎 − 𝜌𝑎

2

ෞ𝜌𝑎: Modeled Apparent resistivity
𝜌𝑎: Observed Apparent resistivity

Electrical resistivity tomography (ERT)
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Electrical Resistivity Imaging (ERI)

Nassereddine, et al, 2013 A. Samouelian, et al, 2005

• A geophysical technique for imaging sub-surface structures from electrical 
resistivity measurements made at the surface

• Electrical Resistivity reflects soil texture, electrical conductivity, and water 
content



ERT change → flow path
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ERT image at Time 1 (before infiltration)

ERT image at Time 2 (after infiltration)

Geoelectric resistivity ↓ because of 
increasing soil moisture, or
high liquid conductivity

Resistivity change implies 
the subsurface flow path



Electrical resistivity tomography (ERT)

Date of Test

2021/03/12

2021/03/19

(2021/03/28)

2021/04/09

2021/04/16

2021/04/23

2021/04/30

2021/07/02

2021/07/30

Planting

To saturate fields

Fertilize

Before saturating

fields

Cease irrigation

Ponding water

No ponding water

No ponding water
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unsaturated soil

saturated soil



Results and Discussions
ERT image on Mar-12
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Low 𝜌 region 5 m below surface may due to the 
high soil moisture area (shallow groundwater )

2021/03/12

(2021/03/28)

2021/04/09

2021/04/16

2021/04/23

2021/04/30

2021/07/02

2021/07/30

Planting

To saturate fields

Fertilize

Before saturating

fields

Cease irrigation



B1
B2

B3
B4

B5
B6

B7
B8

B9
B10

B11

B2
B3

B4

B5

Apr-09

Apr-09

Results and Discussions
ERT images in April
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• 𝜌 near the filed surface decreased

• The pattern of 𝜌 did not change a lot
⇒ Shallow groundwater might not increase rapidly

2021/03/12

(2021/03/28)

2021/04/09

2021/04/16

2021/04/23

2021/04/30

2021/07/02

2021/07/30

Planting

To saturate fields

Fertilize

Before saturating

fields

Cease irrigation

Apr-09

Apr-23 Apr-30

Apr-16



Results and Discussions
Change percentage comparing to 4/9
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2021/03/12

(2021/03/28)
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2021/04/16

2021/04/23

2021/04/30

2021/07/02

2021/07/30

Planting

To saturate fields

Fertilize

Before saturating

fields

Cease irrigation

Apr-09Apr-16

rising 𝜌

decreasing 𝜌



Results and Discussions
Change percentage comparing to 4/9
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Before fertilization After fertilization

𝜌 decreases
dramatically

𝜌 decreases slightly
2021/03/12

(2021/03/28)

2021/04/09

2021/04/16

2021/04/23

2021/04/30

2021/07/02

2021/07/30

Planting

To saturate fields

Fertilize

Before saturating

fields

Cease irrigation



Results and Discussions
Change percentage comparing to 4/9
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Origional low 𝜌 area
(high moisture area)

Low 𝜌 liquid infiltrates

diluted

Inflow of the 
low 𝜌 area

not penetrate

2021/03/12

(2021/03/28)

2021/04/09

2021/04/16

2021/04/23

2021/04/30
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Planting
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Before saturating

fields

Cease irrigation



Results and Discussions

Possible subsurface flow path 

?
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Change

𝜌 change % comparing to 4/9

?
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A symmetry 𝜌 decreasing area fully accounts the field
→ downward infiltration, and little subsurface return flow

Inclined flow path → Asymmetry 𝜌 decreasing area
Return flow → this area accounts the partial field

𝜌 decreasing area 𝜌 decreasing area

𝜌 change % comparing to 4/9
2D simulation (steady state)

Results and Discussions

Possible subsurface flow path 



Conclusions
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3. In the study area, the subsurface return 
flow was little under unsaturated situation. 

Shao-Yiu Hsu
National Taiwan University

syhsu@ntu.edu.tw Thank you for your attention

1. ERT can demonstrate the moisture change, 
and the influence of the resistivity of the 
infiltration liquid.

2. Flow path was pictured by the resistivity 
change. 
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Onishi, T., et al. Transactions of the Japanese Society of Irrigation, 
Drainage and Reclamation Engineering (Japan) (2003).

Liu, et al Journal of the American water resources association, 2004
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2021/04/02

2021/04/09
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Pseudo-section
(resistivity distribution) 

ΔV
A BM N

Current, I Apparent resistivity

𝝆𝒂 =
2πΔV

I

1

𝑁𝐴
−

1

𝑁𝐵
−

1

𝑀𝐴
−

1

𝑀𝐵

−1

ΔV : electrical potential difference
I : electrical current

Observed 𝝆𝒂 Optimized 𝜌(x,y) 

(ERT image) 

Inversion process
arg min ෞ𝜌𝑎 − 𝜌𝑎

2

ෞ𝜌𝑎: Modeled Apparent resistivity
𝜌𝑎: Observed Apparent resistivity

Electrical resistivity tomography (ERT)
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ERT images
Change comparing to 4/9

2021/03/12

(2021/03/28)

2021/04/02

2021/04/09

2021/04/16

2021/04/23

2021/04/30

2021/07/02

2021/07/30

Planting

Saturate

Fertilize

Before Saturating

Cease irrigation

Comparing 4/16, 4/30,
the region that 𝜌 decreasing due 
to the irrigation did not change.

Result on July 2nd  shows that 
the 𝜌 decreasing area expanded
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Change comparing to 4/9 Change comparing to 4/9

Change comparing to 4/9




