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Abstract

Watershed data are being gathered in Taiwan that includes soil, topography, hydrology, and land use. These information along with the AGNPS model are used to assess watershed conditions and objectively evaluate storm-related generation and transport of non-point source pollution. The main objective of this pilot study is to simulate storm water collection using retention ponds and infiltration enhancement through tree planting. Runoff volume results from various storm sizes may provide adequate information for a follow-up on-site study to optimize flood runoff utilization in Taiwan.

INTRODUCTION


About two-thirds of the island of Taiwan is covered with rugged mountains. The central mountain range runs from North to South. Torrential typhoon rains, steep topography, young and weak geologic formations, and erodible soils are unfavorable natural factors contributing to rapid rates of geologic erosion and runoff. In addition to these natural conditions, population pressure, diversified cropping, small size of individual farms, abusive cultivation on steep slopeland, and socio-economic pressure for more land have accelerated the rate of soil erosion and runoff causing irreversible damages. A detailed assessment of the natural environment along with accurate estimation of the potential erosion and runoff hazard would reduce major on-site and off-site damages.

    Many erosion and runoff models have been developed for predicting fluvial soil erosion, runoff and sediment yield. The "AGNPS" (Agricultural Non-Point Source Pollution) model has the capabilities of evaluating non-point source pollution and 
predicting site-specific sedimentation within a catchment. With proper modifications of the Universal Soil Loss Equation (USLE) factors, excellent agreements between the simulated and measured sediment yields have been obtained for a few reservoir watersheds in Taiwan (Lo, 1995).


The objective of this study is to integrate the powerful tools of GIS and AGNPS, to simulate soil erosion, runoff and sediment yield resulting from various storm sizes, and to optimize the design of storm runoff utilization in the Shuili River Basin, Taiwan.

AGNPS MODEL


The AGNPS model was developed by the USDA's Agricultural Research Service in co-operation with the Minnesota Pollution Control Agency and the Soil Conservation Service (Young et al., 1987). The model subdivides the catchment watershed into uniform grid squares called "cells". Potential pollutants are routed through cells in a stepwise manner, proceeding from the headwaters of the watershed to the outlet. This allows flow as well as water quality parameters to be examined at any point. All characteristics of the watershed are expressed at the cell level.


AGNPS is an event-based model. The basic model components include hydrology, erosion, and sediment and chemical transport. In the hydrology component, runoff volume and peak concentrated flow are calculated. The erosion portion computes total upland erosion, total channel erosion, and a breakdown of these sources into five particle size classes (clay, silt, sand, small aggregates, and large aggregates). Upland erosion is routed through the watershed. Sediment transport is also calculated for the five particle classes as well as the total. The chemical transport portion is separated into one part handling soluble pollutants and another part handling sediment-attached pollutants. 

DESCRIPTION OF STUDY AREA


The Shuili River is located in Nantou County (Figure 1). It is one of the tributaries of the Choshui River. There are two sub-watersheds within the Shuili River Basin, namely Mingtan and Minghu. The total area is about 57 km2. The prevailing slope of this watershed is towards the south, with many undulating streams and hills, as well as high mountains. The average annual temperature is around 19.5oC, higher during August and lower in January. The average annual rainfall is about 2,400 mm. Major rainfall comes between April and September. December and January are the driest months.


Most land within the watershed is government-owned (75%). About 20% are privately owned land. The remaining is owned by the Land Bank. Land use in the study area often differs largely as a result of variability in topographic setting, soil property, climate, and the farmers' cultural preference. About 69% of the land area are covered with forest. Betel nut farms comprise about 23% of the watershed area. Other land use includes tea, orchard, rice paddy, and other crops.

STUDY METHODS

    The ARC/INFO GIS computer software was employed to process and analyze the necessary input data. The ARC/INFO software is preferred over the others because of its ability to accept, store, manage, retrieve, and display both raster and vector data types, as well as its ability to convert from one form to the other. 

Figure 1. Location map of the Shuili River Basin.

Extremely accurate digitized vector data were first converted to raster form for direct input and creation of AGNPS model data file. Data layers consist of:

1. The Ministry of the Interior 1/25,000 topographic maps,

2. The Central Geologic Survey Institute 1/50,000 geologic maps, and

3. The Soil and Water Conservation Bureau 1/25,000 soil maps.

The available natural resources theme maps for the study area include climate, hydrology, geology, soil, elevation, slope steepness, aspect, land use, and vegetation.

   To form the input data file needed to operate the model, the Shuili River Basin was first divided into 679 uniform cells. Each cell occupied approximately 9 ha in area. The drainage direction of each cell, defined as the direction of flow leaving the cell, was estimated based on its shape and topographic setting. 

A. RESULTS AND DISCUSSIONS

B.  Model Output

    The erosion and runoff potential of the Shuili River Basin was first determined with a rainstorm of 200 mm and a rainfall erosivity index of 80. The soil erosion at the basin outlet (cell no. 677) is estimated to be about 1.25 t/ha. The sediment yield is about 509.2 t. The total runoff volume is about 87 mm. Among all the cells, the highest values for runoff, erosion, and sediment are 200 mm, 20.6 t/ha, and 1305.8 t, respectively. The lowest values for runoff, erosion, and sediment are 2.8 mm, 0.0 t/ha, and 0.0 t, respectively. Erosion vulnerable area is located in an area with steep topography, poor surface cover, and intensely cultivated farmland. The high sediment yielding area is concentrated at or near the stream channel. Therefore, high priority countermeasures should be provided for these cells. Timely remedial works may prevent sediment removal and erosion problems, further enhancing effective watershed management policies and farm development plans.

B. Selection of Collection Sites

    Storm runoff water can be collected in a trench dug in the ground or stored in a small retention pond. Such a system can open up new prospects for land and water management. Rainwater collected can be used for irrigation, livestock husbandry, aquaculture, recreation, and reclamation of wasteland and/or introduction of high yielding cash crops. The collection and utilization of runoff may increase the availability of water resources. It also provides other indirect benefits that include depressing flood peaks, diminishing soil erosion, providing large sediment storage space, and improving the operation of reservoirs and channels.

    The ideal siting of dugouts and farm ponds should satisfy the following design criteria: (1) upper reaches of the watershed; (2) maximum runoff interception; (3) minimum sediment load. Therefore, the drainage pattern of the watershed (Figure 2), in addition to the runoff and sediment analyses provided by the AGNPS model for each cell should be adequate in determining the best locations to construct dugouts and farm ponds.

    A total of 12 sites were selected. They are located at cell number 39, 68, 113, 193, 273, 354, 386, 401, 440, 499, 644, and 674. Most are situated at the upper northeastern and southwestern parts of the watershed. The surface runoff pattern at these sites is characterized by runoff volume entering the collecting cell from three or more above cells, and thus, greatly inflated the total collected runoff volume. However, further examination of the sediment load at the receiving cell indicates that out of 5 cells (67, 131, 440, 640, and 674) while runoff volume is great, at the same time the sediment delivered is also large. This will adversely affect the rainwater storage capacity of the dugouts and farm ponds. The prevailing land use type at these 5 cells is betel nut farming. As a remedial measure, an attempt was made to convert this land use type to natural forest through model simulation. This was accomplished by modifying the current curve number, cover and management factor, and surface condition constant parameters to the appropriate values for forestland use. Although the generated runoff volume decreases only about 52 to 58% with forest conversion, the sediment reduction is quite significant, reaching above 95%. This result indicates that in order to optimize rainwater utilization using dugout and farm pond collection, proper land use and soil conservation measure are necessary to ensure maximum runoff interception and minimum sediment load.

C.  Runoff Collection with Different Storm Sizes

    Calculation of total runoff collected consists of one part runoff entering the receiving cell from above and another part from within the cell. Based on this computation procedure, total runoff volume collected with a 200-mm storm for the 12 

Figure 2. Drainage pattern of the watershed.

selected sites are listed in Table 1. The volume ranges from 20,060 to 47,352 m3, which is quite substantial considering it is coming from one storm only. However, a storm of this magnitude occurs only once or twice a year in this area, according to the long-term climatic statistics. The sediment generated is also listed in Table 1. The total sediment load (above + within) may amount to as much as 13.2 t. This shows that, on one hand, storm runoff collection at the upper watershed may indeed reduce a large amount of sediment delivered downstream. But, on the other hand, adequate and effective soil conservation measures such as in-situ check dam and stilling basin may be needed to store this large sediment load, in order to maximize rainwater collection in dugouts and farm ponds.

   Table 1. Total runoff collected and sediment generated with a 200-mm storm.

Cell

number
Runoff collected

(m3)
Sediment generated (t)



Above
Within

39
23624.1
6.18
4.63

68
23624.1
4.84
2.78

113
47352.4
7.62
0.03

193
23454.4
5.47
3.71

273
20059.7
6.81
3.71

354
20059.7
6.86
6.49

386
28578.2
4.94
2.04

401
27255.1
3.56
3.71

440
27255.1
1.87
7.42

499
20059.7
4.48
3.71

644
20059.7
4.60
4.08

674
27255.1
2.81
4.08

    The model is also used repeatedly to simulate runoff output for other smaller size storms. With a 100-mm storm, the runoff collected at the selected sites range from 3,789 to 14,507 m3. The total sediment load becomes much smaller. The highest load occurs also in cell number 354 with a value of about 5.8 t. The total runoff collected ranges from 74 to 3,707 m3 with a small rainstorm of only 50 mm. The total sediment generated is less than 2 t. On the basis of a drainage area of over 9 ha, this sedimentation rate is not significantly high at all.

    According to long-term climatic statistics, Shuili River Basin, on the average, will receive about two 200-mm storms, five 100-mm storms, and twenty 50-mm storms a year. Based on these statistics and ignoring evaporation and seepage loss, the annual runoff volume collected at the 12 selected sites will range between 60,550 and 241,394 m3. This large volume of water source should provide a wide range of benefits starting from the basic water supply for irrigation purposes to the far-fledged water supply for recreational purposes.

CONCLUSIONS

    In a rainfall-abundant watershed with steep terrain, torrential rainstorm may result in accelerated soil erosion and runoff causing irreversible damages downstream. Flood runoff collection should increase the availability of water resources and include other side-benefits such as flood peak depression, soil erosion reduction, sediment storage, reservoir and channel operation improvement.

The AGNPS model is a computer simulation model capable of evaluating non-point source pollution at any point within a watershed. It is also capable of identifying areas within the watershed with high runoff and erosion. This provides a useful guide for selecting the best sites to install dugouts and farm ponds. The model output can be used to compute the total rainwater collected from each storm at the selected sites. Runoff volume results from various storm sizes simulation may provide adequate information for a follow-up on-site study to optimize flood runoff utilization in Taiwan.
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