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ABSTRACT

In recent years, Taiwan has faced several severe droughts. In 2021, Taiwan
experienced the most severe drought in over half a century. Shihmen
Reservoir's water storage dropped to a historic low of 7% capacity, severely
impacting agricultural production. Our main food crop, Paddy, especially
requires a stable water source. To reduce dependence on reservoirs, rainwater
harvesting emerges as a potential decentralized water resource management
strategy. The rainwater harvesting system can collect and store rainwater during
adequate rainfall, providing a stable water source during the dry season. Then,
its dependence on groundwater and reservoirs is reduced, thereby maintaining
the supply of other water uses during drought periods.

This study uses Taoyuan as an example, selecting locations where rice

paddies were cultivated in 2018. By integrating gridded observational daily
rainfall data with rice paddy locations, the effectiveness of rainwater harvesting

at these sites is evaluated under three scenarios: (1) planting of the first
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cropping and other periods, (2) planting of the second cropping and other
periods, and (3) planting of the first and second cropping and other periods. As
illustrated in Figure 1, the irrigation of the first growing season is labeled as I1,
and that of the second growing season is 12. The remaining three periods
correspond to times other than the first cropping, that other than the second
cropping, and that other than both the first and the second cropping. Three
types of water demands are calculated: daily water usage for the first rice
cropping (4.35 m?), daily water usage for the second rice cropping (3.89 m?),
and daily water usage for domestic uses (0.263 m?). Three different rooftop
areas of the farmhouses (200, 400, and 600 m?) are considered catchments for
collecting rainwater. Indicators such as volume reliability, time reliability,
satisfaction in time, water savings, and costs are then calculated to evaluate the
feasibility of implementing a rainwater harvesting system.

A roof area of 600 m? is used as an example. It can be observed that for both
the first and second rice cropping, as the capacity of the rainwater tank size
increases, both volume reliability (Figure 2) and time reliability (Figure 3)
improve. During the first rice cropping, the volume reliability in a normal year
(dry year) can reach up to 70% (37%), with water savings of 402 m? (212 m?).
In comparison, time reliability is approximately 66% (30%), with 87 days (41
days) of satisfaction in time. In the second season, volume reliability in a
normal year (dry year) can reach 54% (31%), with water savings of 236 m?
(133 m?), and time reliability is about 50% (26%), with 56 days (29 days) of
satisfaction in time. However, due to limitations in the roof area and rainfall,
even larger rainwater tanks do not significantly improve water supply and
reliability. During the other periods, the daily water demand is relatively low,
allowing smaller rainwater tanks to achieve 80% volume and 80% time
reliability (Figures 4 and 5). Subsequently, optimization methods were used to
find the size of rain barrel to maximize cost-effectiveness. Hopefully, this

method can be applied to all counties and cities in Taiwan to help fully utilize
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rainfall resources.
Keywords: Rainwater harvesting, Rainwater tank size, Optimization

methods, Cost-effectiveness.
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