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Evaluating water management strategies of ponds for droughts and
floods—a case study of Xinpo Station 9-6 irrigation area in Taoyuan
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Abstract

The terraced landscape of the Taoyuan region presents significant challenges for water
storage, prompting early settlers to excavate numerous ponds to store water for agricultural
irrigation. These ponds, in conjunction with the Shimen Reservoir, the Taoyuan main canal,
and surrounding agricultural fields, form a truly comprehensive agricultural pond-irrigation
system. The effective utilization of these ponds can enhance the resilience of the agricultural
water supply system. Additionally, during rainfall events, these ponds and agricultural lands
can provide supplementary storage capacity, reducing flood damage and mitigating the
impacts of climate change on agricultural systems. The objectives of this study are: (1) To
develop the Vensim system dynamics model for the Caopi (Taoyuan Main Canal 9-6 Pond)
irrigation area at the Xinpo Workstation in Taoyuan, simulating pond water level and paddy
filed water depth; (2) To formulate adaptation strategies by referencing previous agricultural
policies and studies, aiming to ensure that the required irrigation water volume for paddy filed
is maintained throughout the simulation period, minimizing water wastage and reducing

drainage during rainfall events.

This study simulates the second rice cropping season of 2023 (August 1, 2023, to
January 28, 2024, 120 days). The simulated pond water level and actual water level (Figure 1)
show a generally consistent trend, though there remains room for improvement in the
accuracy of the hydrological model. Future studies could consider employing optimization

methods for parameter calibration to enhance model accuracy and reliability. Based on the
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simulated pond water levels and rice field water depth changes, although no water shortages
are observed under current condition (with field water depth not falling below the wilting

point), the system still exhibits the following issues:

1. The water depth in the paddy filed is sensitive to rainfall. During rainfall, the actual
water depth may exceed the required depth, with the current actual water volume being
1.31 times the required volume.

2. High water levels in ponds and paddy filed lead to drainage. During the simulation
period, total drainage from the ponds amounted to 6,218 m?, while total drainage from

the farmland reached 7,129 m3.

These conditions result in water resource wastage, necessitating the adoption of more efficient
water supply methods. This study integrates possible adaptation strategies (Table 1) into the
irrigation system. In terms of water supply (Figure 2), all adaptation strategies reduced
irrigation volume while meeting the required water depth for paddy filed. Strategies A and B
reduced the water supply from the Main Canal to 62.6% and 77.6% of the current levels,
respectively, while still satisfying the water depth requirements, thereby helping to conserve
water from the Main Canal. In terms of drainage (Figure 3), all adaptation strategies
successfully reduced pond drainage to zero. Strategy A reduced paddy filed drainage to 88.6%
of the current level, while Strategies B and E reduced farmland drainage to zero. However,
Strategy B, which involves pre-drainage, requires further discussion to determine whether
pre-drainage might exceed canal capacity. Strategy D, which utilizes intermittent irrigation,
increased farmland drainage by 2.3 times due to the system's inability to predict rainfall. If
irrigation coincides with a rainy day, water levels might exceed the field bund height. Future
studies will consider the cumulative effects of various adaptation strategies or their

application under future climate scenarios.

Keywords: Ponds » Agricultural Water Resource Management > System Dynamics Model >

Rice Paddy > Droughts and Floods
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