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Hydrology of paddy
fields in Taiwan

« The climate and geographical

conditions in Taiwan
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« Streamflow simulation at different
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Characteristics of ricel

Plentiful rainfall in Taiwan leads
agricultural advantage

Rice is the staple food in Taiwan

Water Resources
Crisis
Increasing and intensifying drought and

flood
Unstable irrigation water for paddy
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* Irrigation Methods

Continuous irrigation Rotational irrigation
« Interval irrigation + Standard rotational irrigation

Special rotational irrigation

Precisi tational irrigafi » Method of reduced water depth
. : TSR - * Precision rotational irrigation _
Continuous irrigation with water onail 9 . B ol of extended interval
sLarge area rotational irrigation

drainage * Method of reduced irrigation area

Traditional Methods/
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» Paddy Field Models

« Kamruzzaman et al. (2020) used APEX-Paddy to assess the impact of BMPs on paddy fields due to
climate change.

« Jeon et al. (2007) compared changes in water quality of paddy fields using HSPF-Paddy of
different scales.

« Yan et al. (2016) analyzed the effectiveness of water resources management with improved
WALRUS-Paddy.

« Janssen et al. (2010) developed the PADDY-FLUX model to assess the impact of water resources
management on infiltration.

« Kang et al. (2016) evaluated the simulation results of reservoir water level with COMFARM.

Advantage of SWAT model:

The SWAT model can be simulated and verified by adjusting relevant
parameters. Compared with other hydrological models, it has advantageous
features such as continuously simulating watershed at a fine spatial scales
over a long-term period.
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» Objectives

Integration of paddy land use

« Development of the land use classification and integration method to
reflect the actual irrigated area of paddy fields.

Evaluate the applicability of simulation

« Examine the irrigation/drainage mechanism of paddy in the SWAT model,
and analyze the HRU water balance of paddy fields to evaluate the
applicability of SWAT model in paddy field simulation.
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* Nankan River Basin
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N

0-15%:78.29%
15-30%:11.00%
Others: 10.71%

/

Landuse

Grassland

Woodland

Paddy field

Agricultural land

- Industrial area

Residential area

- Transportation
- Water body

/Wundland: 21.70%

Residential area: 23.75%
Paddy fields: 18.11%

k\(}thers: 36.44%

~

/rRed soil: 47.40%

Soil
Stone soil
Low humic grey soil

Allavial soil
Rocks

Sands
Red soil

No parent material

Yellow soil

~

Alluvial soil: 20.98%
Yellow soil: 11.34%

/

Others: 20.28%
\_ .,
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« SWAT Model

SWAT model can simulates
hydrological and water quality features of
river tributaries and the subbasins at
various spatio-temporal scales.

SWAT subdivides the watershed into
smaller subbasins according to the
distribution of the tributaries of the river
and the monitoring points, then further
classify the smallest calculation units:
Hydrological Response Unit (HRU), which
IS an unique combination of land use, soil
type and land slope in each subbasin area.
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_,/‘/ /
/ A / /.B / Sub-basin classification
- ¥ (Delineated by DEM Layer)

\ / Categorization of land use

Soil type

/ Grades of land slope

| HRUS

HRU4 HRUS

Hydrological response unit
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- Reclassification of Paddy field

Construction and Planning Digital map, the 2nd Land
Agency, Ministry of the Interior Survey in 2015

Taoyuan and Shimen Statistical data, planned
Management Offices paddy irrigation area in 2020
Type 1 \
> 7504 of  Target: In 2015 Land Survey, the land use

paddy field type of “paddy field” was over 75%.
* Action: Keep the “paddy field”

coverage

< S
\
Type 2 « Target; Left from Type 1
> 50% Of 1 . 1 (15 29
Workstations: paddy field | ° Action: Reclassify “dry land
Taoyuan _coverage into “paddy field
Dachu « Target: Left from Type 2
Bade Type 3 - Action: Sequentially reclassify
Chungli Others vegetated land use types and other
land use types of high water

Distribution of Workstations content
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« Workstations and Groups

Dachu Workstation
16 Groups

G
3
!
‘}

Taoyuan Workstation
28 Groups

Bade Workstation
22 Groups

Chungli Workstation
2 Groups

il)
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« Scenarios 1: Plowsole depths

..........

Scenario 1A
| The depths of the soil layers | n
The depth of the soil e Alluvial soil: 20 mm / \
as the depth of « Yellow soil: 30 mm Set HRU36 (alluvial soil)
plowsole . Other soil layers: 120 ?silan _examplel, :_est the
ollowing simulations:
L1180 . | * Analyze its hydrological
X characteristics
Scenario 1B « Compare the hydrological
_ \ change in water quantity /
Fixed depth at
6000mm as the default values forf | l
as the depth of plowsole of HRU paddy
plowsole fields Select appropriate plowsole

depths for further calibration
and validation.
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« Estimation of Streamflow

Observed hydrological data Year
Water level 2001 ~ 2013
450 -
Streamflow 1982 ~ 2002
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 Model Calibration and Validation

* 500 simulations

* P-value < 0.05 was
regarded as an
adjustable  sensitivity
parameter.

’ Validation
Process

Statistical value

PBIAS (%)
Performance Streamflow

of model simulation

Very good 0.75 <NSE <1.00 |PBIAS|<10 0.00 <RSR <0.50

Good 0.65<NSE<0.75 10<PBIASI<15 | 0.50 <RSR <0.60

Satisfactory 0.50 <NSE<0.65 15<|PBIAS|<25 0.60 <RSR <0.70
Unsatisfactory NSE<0.50 |[PBIAS[>25 RSR>0.70

‘ The calibrated SWAT model with scheduled irrigation

was further applied to simulate the auto-irrigation.
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« Scenario 2: Irrigation operations

Scenario 2A:

Auto-irrigation is the system mode to determine the water demand of crops and automatically supply the amount of
proper irrigation, in which a threshold of severe water shortage is set by user (AUTO_WSTR) as the trigger criteria for
irrigation. When the system detects that the soil water content (SW) < field water content (FC) in HRU, the AUTO_WSTR is

triggered and the irrigation process starts until the field is saturated with proper water content (Neitsch et al., 2011).
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 Traditional (Scheduled) Irrigation

The average water quantity (m3/s) of scheduled irrigation provided by the Irrigation
Agency were used to calculate the amount of irrigation per unit area (mm/day).

Fixed irrigati it mm
IXe Irrlga IoN per unit area day

3
Average of scheduled irrigation (m ) +*86400

Irrigation area (ha)*10

Group’s irrigation area | Fixed irrigation per unit area
UE) (mm/day)

Range: 0.27-170.28 ha Range: 5.51-19.55 mm/day
Average: 63.29 ha Average: 9.59 mm/day

16 )
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» Reclassify of paddy fields

84.35%

Before

After 84.35%
|
45.57%
Before
Type 2
Paddy field + dry land 75.72%
>50% After
14.13%
Before
(0)
After 45.66%
I I

0% 20% 40% 60% 80% 100%
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Scenario 1

The soil depth as the Fixed depth at 6000mm
plowsole depth VS as the plowsole depth

]

...........



Soil water content (mm)

Results and Discussion (3/12)

« Comparison of plowsole depths: soil water content, infiltration,
storage in paddy, and drainage from paddy

Soil water content (m?3)

1/1/2009 1/1/2010 1/1/2011 1/1/2012 1/1/2013

the soil depth as the
plowsole depth

B Rainfall
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Storage in paddy fields (m?)

Results and Discussion (4/12)

« Comparison of plowsole depths: soil water content, infiltration,
storage in paddy, and drainage from paddy

Storage in paddy fields (m?3)

500 - \ \ - 0
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400 - L 100
350 | L 150
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« Analysis of Water Yield at HRUs
 Verification of simulated and theoretical water yields

350

h
=

Theoretical calculated water yield (mm)

[ Evaluation of water balance ]
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o
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150

100

Water yield difference(mm)
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50 100 150 200 250 300 350
HRU’s simulated water yield (mm)

@ the depth of the soil as the depth of plowsole ® Fixed depth at 6000mm
(the depth of alluvial soil: 20mm)

Eontribution of

Rainfall » surface runoi‘f-I
to streamflow

Water yield
Difference

Relationship between rainfall and
water yield difference

Water yield .o
’ difference R2 = (0.9298

= Simulated o .

value - .
1 theoretical value
1 L

t ®
0 50 100 150 200 250
Rainfall (mm)
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o . : 250 1 Name R?
AnaIySIS Of Water Yleld at HRUs Alluvial soil slope 0-15  0.9691
 Impacts of slope and soil depths Alluvial soil_slope 15-30 0.9533

200 {4 Red soil slope 15-30  0.7129
Yellow so1l slope U-15 U.H035
Yellow soil slope 15-30 0.9320

[#]
Red soil_slope 0-15 0.7802 2
8
.

Combinations of Slop and Soil
depths (as plowsole depths)

= 150 %
Slope Soil depth T .
e . . N\ 5 .
Thick soil g
Gentle slope L Red soil: 1220mm < 100
-
0%-15% - o
Intermediate -
thickness soil 3
ik 2 50
Yellow soil: 30mm =
- - \
Thin layer soil
Alluvial soil: 20mm 0
\_ Y, ! ! 1
0 50 100 150 200 250
Rainfall (mm)
A Alluvial soil slope 0-15 ¢ Alluvial seil_slope 15-30 Red soil_slope 0-15

¢  Redsoil slope 15-30 x Yellow soil slope 0-15 ©  Yellow soil_slope 15-30
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Scenario 2

[ Traditional Irrigation ] VS. [

Auto-Irrigation

J
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Streamflow (m?/s)
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 Model Calibration and Validation

 Traditional irrigation vs. Auto-irrigation

Traditional Irrigation
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700

Rainfall (mm)

Streamflow (m?/s)
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Ch B R T
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 Traditional irrigation vs. Auto-irrigation
« Annual average water yield of paddy HRU at subbasins

Traditional Irrigation Auto-Irrigation

Nankan river

Water yield (cm/year)
0- 5000
5001 - 10000
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 Traditional irrigation vs. Auto-irrigation
« Annual average water storage of paddy at subbasins

Traditional Irrigation

Auto-Irrigation

Nankan river

Water storage (m3/year)

0-15
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 Traditional irrigation vs. Auto-irrigation

- Paddy HRU contribution to total water yield of a subbasin vs. Area percentage of paddy in a subbasin
* Yearly average water storage of paddy vs. Total paddy area in a subbasin

HRU Water Yield Water storage of paddy
120 - - - T L - - -0 o
S I I | ‘ I I | 1 I | | e :I:ID—II -I |-I-|||| - 'I-| I---| |I || - 0
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= @ 450 -
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2 - 40 3 $ 400 L 200E
S 80 - O] 7 e 2005
g, 0 g T 350 -
- ::] - 60 "LS — 300 _':,_-) O O - 300 %
P 60 - s 5 © 8
= 0 o g3 250 - © S 3
o @ i ' i S © O 400 3
S0l O 0 g 2.2 200 7 o ©
= O O - 100 0 o 150 - O - 500 g
.= e T D ]
3 = >5 100 1 S
= 20 4 L 120 g c 3 - 600 >
[ Q ©
[ o > 50 4 °
= 5 =
e 140 £ 0 ——— 44§ - 700

123435678 01011121314151617181920212223242526272820303132333435343738 A L2354 5678 91112131415 161713 1930 20 22 3534 25 26 37 28 20 30 31 52 55 34 35 56 5738 5

Sub. Number Sub s 5 =
msm Proportion of paddy fields in Sub. area WS Total paddy area in a subbasin

Traditional Irrigation Auto-Irrigation Traditional Irrigation Auto-Irrigation
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 Traditional irrigation vs. Auto-irrigation
« Dally average water yield of paddy HRU and water storage of paddy

..........

Daily average water yield of paddy HRU (mm/day)

Insight

Irrigation operations Range (2009-2013) Average (2009-2013)
Traditional Irrigation 1902.5 - 2200.7 2038.0
Auto-irrigation 318.9 - 624.5 480.4

Daily average water storage of paddy (m3/day)

Irrigation operations Range (2009-2013) Average (2009-2013)
Traditional Irrigation 4.24 - 7.29 6.08
Auto-irrigation 3.17 - 12.26 9.01

Traditional irrigation allows
water stored in paddy fields to
release as a way to increase
water yield of paddy HRU.

As for auto-irrigation to meet
the water demand by crops,
the model tends to retain
more water storage in paddy
fields. Thus, water drained as
water vyield of paddy HRU
become less.
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Conclusion

* Integration and proper classification of land use could effectively improve the irrigation
coverage of paddy fields (by an average of 25%), reaching a total coverage of
approximately 70%, and R? value of paddy field coverage increased from 0.52 to 0.82.

« By setting the soil depth as the plowsole depth, all hydrological characteristics of paddy

flelds were clearly presented, while solil infiltration would be enhanced when setting the
plowsole with a fixed depth of 6000mm.

 Under the condition of shallow soil depth and slow slope, the difference between
simulated and theoretical water yields is closely correlated with rainfall.

« Auto-irrigation operation is suggested for storing more water in paddy fields and
resulting less return water out of paddy fields.
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