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Abstract

Ninety percent of the annual rainfall is concentrated during summer and typhoon seasons in Taiwan. Water shortage periods usually last more than six months. Irrigation water depends entirely on rainfall. Rainwater collection should be a potential alternative water source for supplementing agricultural water needs. This paper attempts to assess the feasibility of rainwater catchment at Yujiing, Tainan County, based on its location, technology, water supply and demand, economy, social and water quality. Simulation analysis is used to determine the variability of water supply reliability with the agricultural rainwater catchment system model. This may also shed some light on the feasibility of constructing agriculture rainwater catchment systems are suitable, based on all aspects considered, for use in Yujiing areas.

 I. INTRODUCTION

Taiwan is a densely populated country. Short rivers and steep topography makes rainwater storage rather difficult. Frequent water shortages often occur in areas with uneven spatial and temporal rainfall distribution and where water supply differs a lot during wet and dry seasons. In recent years, water demand for various uses is on a rise due to rapid economic development.  The water shortage problem has become more serious. However, new water sources are difficult to find. Development of alternative water sources to solve the shortage and to satisfy future water demands need immediate attention.

The average annual rainfall in the southwestern mudstone area in Taiwan is about 2,133 mm. Above 90% of the annual amount is concentrated in the summer and typhoon season. Soil erosion is quite serious in the mudstone area. With its poor water storage and retention properties, water supply is very limited. Therefore, alternative water sources to alleviate tight water pressure have become an important research topic. Taiwan is a rainfall abundant country. Rainwater collection should be an alternative water source for supplementing agricultural water needs. Rainwater can be obtained easily and there are no water right conflicts. 

The use of RWCS to store rainwater in farm ponds during wet seasons to supply water during the dry seasons has become a new technique for water use in the southwestern mudstone area in Taiwan. 

This paper attempts to assess the feasibility of rainwater catchment in the study area. It also looks at the possibility of using RWCS as an alternative agricultural water use (irrigation) and to solve the water shortage problem in this area.

II. FEASIBILITY ASSESSMENT OF RWCS

The feasibility assessment of agricultural RWCS is based on their location, technology, water supply and demand, economic and social considerations:

(I) Location

The location of a RWCS is judged by its climatic environment, economic development stage, etc.
(II) Construction technology

This aspect looks at the engineering problem to determine the technical feasibility of building a RWCS. If the construction technology is not available locally, similar technique may have to be imported from other countries.

(III) Water supply and demand

The characteristic of rainfall input and the total water supply of the study area must be first determined before any design assessment can begin. At first, this study computes the water supply reliability based on the rainfall records. The crop water requirement is then used to determine the farm pond capacity based on the "sequent-peak" system analysis method. The continuity equation is used to simulate the RWCS storage capacity.

(IV) Economic analysis

Traditional economic feasibility analysis usually studies the economic consequences of an engineering project investment. Feasibility is determined based on the cash flow of a certain period and the economic benefits of the project.

(V) Social Impact

In a democratic society like Taiwan, the public acceptance to an engineering project is more important than the technological or economic feasibility considerations. Though all other aspects are feasible, the project may fail without the community's support and acceptance.

III. A CASE STUDY AT YUJIING

Yujiing village in Tainan County is chosen as the case study area to further illustrate the analysis procedure to determine the feasibility of using agricultural RWCS in Taiwan.

(I) Location

1. Climate

Rainfall amount, temperature and special environment are the three factors used to determine the feasibility of RWCS.

(1) Rainfall

Research report (Chu, 1990) indicates that RWCS can still be used in Israel's desert area with only 200 mm rainfall a year. The average annual rainfall exceeds 2,353 mm at the study area. Therefore, using RWCS at Yujiing should be most suitable.

(2) Temperature

The expansion volume as a result of freezing may damage the RWCS hardware. Besides, collected frozen rainwater cannot be used effectively. The climate at the study site is subtropical. Little temperature change occurs throughout the year. The lowest temperature is well above 0 o C. Therefore, RWCS is suitable for use at Yujiing.

(3) Special environment

Mudstone lacks water storage and retention ability. Water supply is extremely limited. The development of an alternative water source becomes more important. To collect and store rainwater in RWCS for dry season needs deserves more research and development. The construction of farm ponds has become a new water source in this study area.

2. Economic development stage

The annual per capita income is about US$11,635 in 1996 in Taiwan (Tainan County Government, 1997). Therefore, it can afford to pay for the material cost of RWCS listed in Table 1.

Table 1. RWCS material cost in relation to annual per capita income.

Material Type
Labor Time
Per Capita Annual Income (US$)
Unit Cost

(US$/m3)

Pond
Natural swamp
Small
0 or small

Used tank
Scavenging
50-500
Small

Thin reinforced concrete
Private labor

2 days
150-500
10

Thick reinforced concrete
Private labor

2 days
150-500
> 15

Brick work
Private labor

2 days
200-500
> 25

Large reinforced concrete
Manufactured

(7 - 10 days)
1000-2000
150

Ferro cement
3 - 7 days
1500-2000
100

PVC or fiberglass
Manufactured
> 2000
160

PVC sheets or converted swimming pool
Manufactured or private labor

(3 -5 days)
> 500
> 20

Redwood
Manufactured

(5 - 7 days)
> 2500
> 250

(II) Construction technology

The small dug-holes and farm ponds in the mudstone area collect surface runoff from small watersheds and supplement crop water use during dry winter months. Many related studies have been conducted in Taiwan (Chu and Cheng, 1993; Chu et al., 1994, 1995; Fok, 1994). These elaborate field experiences show that Taiwan has the ability to build and operate RWCS.

(III) Water supply and demand

The procedure mentioned in the previous section is used to assess the water supply and demand in the study area.

1. Crop water requirement

The Blaney-Criddle method is used to compute the crop water requirement, which is similar to potential evapotranspiration calculation. This method has proven applicable for crops in Taiwan (TWCB, 1980). The equation used is as follows:



U = kF                           






     [1]

Where U is crop water requirement per unit area (in.); k is crop coefficient; F is crop water demand parameter.

      F = (t x p) / 100                      






     [2]

Where t is average monthly temperature (o F); p is monthly annual solar radiation percentage.

Based on the vital statistics of Tainan County's (TCG, 1997) information on crop, average monthly temperature, annual solar radiation percentage and crop related coefficient, we can get the crop water requirement per unit area at Yujiing. The monthly crop water requirement can be equally divided into 3 parts to obtain the 10-day crop water requirement.

2. Water supply reliability

The 10-day rainfall duration curve is used to analyze the water supply reliability of rainfall. Each 10-day period crop water requirement can then be compared with the 10-day rainfall duration curve to obtain the reliability of crop water supply derived from rainfall. From computed results, the study finds water supply reliabilities are below 50% during dry seasons.
3. Simulation of agricultural water use

The "sequent-peak" analysis method is used to simulate the total water supply needed to satisfy different water requirement for different crops. The computation extends to the following year and uses the peak value during the simulation period as the water demand. A relationship between storage capacity and planting area for different crops is depicted in Fig. 1.
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Fig. 1. Relationship of storage capacity and planting area for different crops

(IV) Economic assessment

The construction of farm ponds is mainly used to solve the drinking water shortage, upland crop irrigation and improvement of agricultural structure and farm income problem in a remote region of the mudstone area. It also can enhance the living condition of this area with better land and water landscape. This engineering structure may also serve other beneficial purposes. The deposited sediment can stabilize the sloping land. The fill-up farm pond or earth dams can be reclaimed and used to grow vegetable crops. Farm ponds can also provide some other positive benefits on slope land conservation. If built upstream of a reservoir dam, the reduced sedimentation may prolong the useful life span of the reservoir. Therefore, it is rather difficult to assess the benefit derived from each ton of water stored by this construction investment.
The useful life span of a poor land surface covered farm pond may be about 10 years. If the maintenance cost is estimated to be about 5% of the construction cost, the unit cost of each ton of water can be reduced to US$8.54 at Yujiing after 10 years. In other words, the cost of using RWCS for irrigation purpose is about US$8.54, which is much higher than what the farmers pay to the Irrigation District. However, RWCS (farm pond) possesses yet other beneficial functions, which are rather difficult to quantify. If the above mentioned benefits can be quantified along with better improvement in soil and water conservation works in watershed areas above the farm ponds, the unit cost of RWCS would be further reduced. Therefore, the construction of RWCS is the most suitable solution for alleviating the agricultural water shortage problem in mudstone areas lacking water resources and irrigation facilities.

(V) Social impact

Most people think of RWCS as a new water supply system. To eliminate their worry and to promote this new system is becoming a critical issue. This promotion work involves three aspects: policy, incentive measure, and education.

RWCS have been introduced to Taiwan decades ago. However, many people consider them a new water supply system. With their sustainable use and environmental advantages, they have been well accepted ever since their first introduction to Taiwan. In recent years, the difficulty in developing new water sources and increasing water demands has worsened the water shortage and drought problems. With the government promoting a policy of water resources development and conservation, the simple and flexible rainwater catchment engineering design and operation is about to come of age.
IV. CONCLUSIONS AND RECOMMENDATIONS

(I) Conclusions

1. The steep topography and poor percolation property of the mudstone soil is suitable for dam construction and ground surface rainwater harvesting. However, water saturated mudstone soil is unstable and can be eroded easily. Therefore, protective measures on dam surface are necessary to ensure RWCS safety and their long life span.

2. This study also indicates that rainfall during dry seasons can only provide 50% water supply reliability for most crops. For sugarcane and banana, the water supply reliability falls to below 30%. Therefore, water supply for irrigation is extremely limited during dry seasons in mudstone areas.

3. Simulation of agricultural water use shows that the peak crop water use demand for second rice crop, sugarcane, vegetable, watermelon, banana, pineapple and citrus is 348.0, 1009.8, 739.7, 135.0, 1009.8, 370.6 and 678.2 mm, respectively. Results are depicted in Fig. 1 showing the relationship between storage capacity and planting area for different crops.

4. The above results show that the construction of RWCS can provide agricultural irrigation water supply. It is feasible based on its location, technology, supply and demand, economic and social considerations. Due to the rapid increase in water demand, difficult to develop new water source, uneven spatial and temporal rainfall distribution, inability to satisfy water needs for different water uses during dry seasons, and water pollution problems, the promotion of RWCS should be very beneficial in the future.

5. The shortcomings of RWCS include high initial investment cost, difficult water quality management, limited water supply, difficult policy implementation and inadequate construction guidelines. With the limited water resources development and the widely accepted environmental protection concept, RWCS should be a better alternative water source.

(II) Recommendations

1. Information for a few old and large farm ponds, even though they are still in operation, were missing during the field survey. It would be helpful, for better planning purposes, if actual field measurements were performed to reestablish data for these farm ponds.
2. Due to economic and land use considerations, the application of RWCS in dry mudstone areas is restricted to small storage capacity. Well-designed large farm ponds may help relief the inadequate water use problem in this area.

3. Most currently operating RWCS are not being systematically designed and managed. Therefore, an integrated planning and management of RWCS in the mudstone area deserve further detailed investigation and research.
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