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Abstract: In this paper, a planning analysis of implementing low impact development (LID) type of stormwater best management practices (BMPs) for land subsidence area runoff control is presented. A case study of the Yunlin  Kouhu Township(YKT) in Taiwan.  BMP is a best management practice (BMP) planning and analysis tool, which is capable of simulating BMP performance BMP placement and design. The Storm Water Management Model (SWMM) was used to simulate LID-BMPS for the YKT.  Optimization analysis for BMP design aimed at achieving either runoff control was then conducted. The results were used to form recommendations to the YKT for modifying the present stormwater management system in order to achieve more runoff control strategies. The YKT strategies of stormwater system incorporated some LID BMPs such as green roofs, porous pavements and rainwater cisterns. 
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introduction 
Climate changes is the frequency and severity of disaster increase, the probability of extreme sea level rise make the land subsidence area of Taiwan face the threat of flooding(Lan et al., 2013 and Wang et al., 2013). In addition, the land subsidence area usually becomes the usage of economic development, over water shortage and water disproportionate result in disaster of environment such as stratum sinking, flooding, and inundation. Taiwan is a mountainous island, where the mountains, hills and the plateaus account for about 70% of its total area, thus, most of the cities are located in the coastal plains and basins. Typhoons with storms occur frequently every year, therefore, all kinds of productive activities are affected constantly by the flood relevant natural hazards, especially in land subsidence areas. The land subsidence and change of coastal land was an important issue in Taiwan (Chen, 2010). One of the strategies for mitigating the impact of land subsidence area is the use of LID–BMPs for stormwater runoff quality and quantity control(Field and Pitt, 1990). In the present study, a LID-BMPs implementation planning analysis was conducted using the Yunlin land subsidence area as a case study. In the present study, various types of LID-BMPSs were assessed to determine their suitability for use under environment conditions in terms of both water balance and economic considerations (Ahiablame et al., 2013 and Hamel et al., 2013). The SWMM model was then used to calculate runoff volume reductions under the aforementioned planning scenarios(Hsu et al., 2000). Using the local 2012 rainfall data, quantitative estimates of runoff volume under the planning scenarios were obtained. Comparative reduction rates for selected types of LID–BMPs were then calculated. Finally, a BMP analysis was made to find the type and design specifications of BMPs that would provide the best reduction rate for runoff control at the Yunlin land subsidence area. Results of this study would be very useful to the authorities in their planning process for improving the runoff control capabilities of the Yunlin land subsidence area stormwater management system.
Description of the Yunlin land subsidence Description of the Yunlin land subsidence
Serious land subsidence inland make sea level rising under global climate change result in flood disasters and saltwater intrusion, which affected local residents’ lives and property critically, (Fig. 1)( Tung and Hu, 2012). Taiwan Yunlin is national agricultural county, ground water restriction and water management will affect agriculture and economic development. It is necessary to come out an integral response. Though land subsiding rate has slowed down, main land subsidence area has moved inland and impacts HSR operation security. To radically resolve land subsidence issue in Taiwan Yunlin, Executive Yuan integrated cross sections proposing specific actions in 2010.  Yunlin is the most important food production county with paddy rice production amount around 20% and dry land food crops production amount around 42%. There are around 108,000 wells, and 95% of wells are used for irrigation. There are 41,000 ha high quality farmland and with 13,000 ha located in land subsidence area (32%). Water sufficiencies directly affect crops production. To radically resolve land subsidence issue in Yunlin, Executive Yuan integrated cross sections proposing specific actions in 2010. This issues focuses on  planning analysis of implementing low impact development (LID) type of stormwater best management practices (BMPs) for land subsidence area runoff control. Central government encouraged planting rice which needs higher water irrigation without appropriate irrigation distribution results in the excess ground water withdrawn.
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Figure 1: Average land subsidence area in Taiwan during 2002 to 2006. 
THE LID-BMPS PLANNING ANALYSIS FRAMEWORK
Serious land subsidence inland make sea level rising under global climate change result in flood disasters and saltwater intrusion, which affected local residents’ lives and property critically. Taiwan Yunlin is national agricultural county, ground water restriction and water management will affect agriculture and economic development. It is necessary to come out an integral response. Though land subsiding rate has slowed down, main land subsidence area has moved inland and impacts HSR operation security. To radically resolve land subsidence issue in Taiwan Yunlin, Executive Yuan integrated cross sections proposing specific actions in 2010.  Yunlin is the most important food production county with paddy rice production amount around 20% and dry land food crops production amount around 42%. There are around 108,000 wells, and 95% of wells are used for irrigation. There are 41,000 ha high quality farmland and with 13,000 ha located in land subsidence area (32%). Water sufficiencies directly affect crops production. To radically resolve land subsidence issue in Yunlin, Executive Yuan integrated cross sections proposing specific actions in 2010. This issues focuses on  planning analysis of implementing low impact development (LID) type of stormwater best management practices (BMPs) for land subsidence area runoff control. Central government encouraged planting rice which needs higher water irrigation without appropriate irrigation distribution results in the excess ground water withdrawn.
Best Management Practices (BMPs)
As Pollution Control Act Amendment was passed in the US since 1972, BMPs has become the standard techniques of non-point sources pollution preservation and storm management. The EPA leads the main technique development, applying it to urban storm water management strategy in America, and set the goal to control the peak flow of direct runoff, improve the utilization of water resources and stormwater pollution on water quality. Moreover, proposed the measures should be:
· 	Based on the entire watershed control
· 	Performance (target) oriented
· 	Designed to account for locals characteristics
· 	Supported by local and state government
· 	Technically feasible
· 	Environmentally sustainable
· Economically justifiable
· Politically acceptable
According to the principle above, in order to set up BMPs, the detailed data through investigation and analysis of basin is necessary. With the judgment of watershed condition and basic limitation, the proper storm water control plan is selected, and ensure the detail deign of BMPs at last. BMPs included structural and non-structural ways, including Grassed swales, Grassed filter strips, in-channel bioengineering, soil erosion and sedimentation control on structural way, and source control measures roof ponding, reducing connected area, construction site erosion control, and porous pavement on nonstructural ways. Institutional measures, such as legislation, Steady financing, control of development, and master plan are included. BMPs are widely applying to the European and US countries. Combining the concept of conservation, was proposed (Andjelkovic, 2001), which use plant BMPs to slow down the deterioration of water and ecosystem, and preserve the complete ecosystem environment.
Low Impact Development (LID)
LID is a conservation and management measure which seeks natural general principle. To control water flow from the water source by natural simulation, it is able water to distribute evenly, so as to moderate the impact to water environment. The concept was promoted in Maryland in 1990s, and applied to other states in the US progressively. The principles are including:
· 	To reduce the area of impervious surface in region
· 	Recover original hydrological situation and ability
· 	Utilized infiltration ability, increasing time of torrent and reduce Surface Runoff
LID-BMPSs, which combined LID and traditional BMPs, can integrate the planning and landscape design, and merge storm water flow and pollution management into development, thus can both achieve the development goal and reduce the environment impact during land development.
 Land use analysis of the YKT
Measuring about 8,000 ha in size, he study area Kouhu Township in Yunlin, Taiwan, (Fig. 2). This area is part of the core region of Taiwan’s aquaculture along the island’s southwestern coast. Land subsidence was very serious in there due to take the groundwater for fish farming. We use the land use data in 2006 to analyze and the spatial distribute of land use type.
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Figure 2:  Case study area
Baseline analysis of the YKT
For the purpose of implementing LID-BMPS practices, appropriate LID-BMPS types, sizes and spatial layout should be designed in concert with the overall development site construction and associated landscape planning. Relevant information for the development areas need to be collected and analyzed, such as percentage of rainfall, (Fig. 3), terrain, spatial distribution pattern and the drainage system of the development area.
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Figure 3: YKT percentage of rainfall for time period
The principles of LID–BMPs 
The LID–BMP should be coordinated with the township plan and landscaping plan. The main principles of LID–BMP planning usually include (1) preserve the DEM terrain, as Fig. 4. (2) Investigate ratio of impervious surface areas, (TABLE 1) (3) select the most suitable BMP types according to land use type, and (4) set an appropriate goal for the LID–BMP. 

Table 1: Classification of land use by surface imperviousness
	Categories of impervious
land (%)
	Land-use categories

	0
	Agriculture/forestry, areas of water 

	>0-20
	Green spaces, parks, gardens, commercial

	>20-40
	Railway tracks, sports facilities, health/social services 

	>40-60
	Utilities/waste disposal, military green spaces

	>60-80
	Residual, education/research other facilities area
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Figure 4: DEM analysis in YKT 
Preliminary design of BMPs
The plan of LID-BMPSs in development region could be made based on the suitability of different BMPs, natural conditions of the development site and the landscape planning features, (Fig. 5.).
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Figure 5:  The layout of YKT drainage network outlets. 
THE LID-BMPS PLANNING ANALYSIS FRAMEWORK
Selection of analysis tools
In selecting an appropriate analysis tool for the YKT BMPs evaluation study, consideration was given to models that have the capability of simulating storm sewer networks and also various LID-types of BMPs. The Storm Water Management Model, SWMM, was eventually selected. SWMM is a widely used stormwater simulation model developed for USEPA. It can be used for single-event to long-term simulation of the surface runoff/subsurface runoff quantity and quality from primarily urban/suburban areas. SWMM contains a flexible set of hydraulic modeling capabilities used to route runoff and external inflows through the drainage system network of pipes, channels, storage/treatment units and diversion structures. It is a decision-making tool for placing BMPs at strategic locations in urban watersheds on the basis of integrated data collection and hydrologic, hydraulic, and water quality modeling. It has specific functions of BMP facilities control simulation and optimization module for decision support analysis of urban BMPs planning and placement analysis.
The strategies of LID-BMPSS based on SWMM models
The SWMM module was used to generate the time series data of surface runoff from different strategies of land uses such as green roofs, porous pavements and rainwater cisterns. The runoff time series data were then used as input to the BMP Model for analyzing BMPs placement and optimization. Environmental Protection Administration in Taiwan conducted the study on the control measure of Nonpoint Source. Until now, three categories of Non-point Source prevention Best Management Practices handbook were completed, which focused on construction activities, facilities activities and agricultural activities, and mainly stressed on the needed structural measures at any kind of activities. Only few items had mentioned about nonstructural measures. On the land use planning point of view, the handbook only provided the goal such as the new development is regulated to increase the peak flow of runoff and the new development can’t increase the content of suspended solids in runoff instead of manipulated measurement instruction for planning practice. As so, we can learn that the non-structural disaster mitigation ways in Taiwan is obviously needed to be improved, (Fig. 6.).
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Figure 6:  Comparison on BMPs between Taiwan and other countries
Input data preparation
Input to SWMM includes local hydro-meteorological data and surface quantity data such as topography, drainage systems, etc. Using the above data, along with land use, soil and terrain data, time series data of surface runoff from specific land use can be generated. In addition to the runoff time series data, BMP would require data for BMP types and specifications, costs and also available locations for installing various types of BMPs.
ANALYSIS AND RESULTS
Land subsidence prevention and agricultural development 
Taiwan Yunlin is national agricultural county, ground water restriction and water management will affect agriculture and economic development. It is necessary to come out specific spatial development actions and future execution suggestions integral response. The concept focuses on environmental improvement and further extends industrial activities adjustment. This will involve environmental improvement, utilization of farming environmental improvement and economic sectors development of appropriate and new technologies, thus ensuring local sustainable, (Fig.7.). 
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Figure 7:  The strategies of land subsidence prevention
Inefficient water usage and water distribution conflicts
Taiwan Yunlin is disproportionate period of rainfall results in water usage ratio only 35%. Seasonal rainfalls affect surface water utility lead to water shortage. Many farmlands located in the tail end of irrigation system and various crops habits lead to ground water withdrawn. Pollution in surface water and water quality intensify the dependence on ground water. Among 80 thousand Farmland areas, 20 thousand farmland located outside irrigation and results in the excess ground water withdrawn. It is difficult to work on large scale change on land subsidence and high water consumption farming. This paper surmises the factor of inefficient water usage and water distribution conflicts, such as Fig. 8.
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Figure 8:  The factor of inefficient water usage and water distribution conflicts
The LID-BMPS SWMM models analysis
The SWMM models were then used to process the hourly rainfall and other necessary data to generate runoff volumes at the 61 outlet points from the YKT under each of the two scenarios described above. The results are shown in TABLE. 2.
Table. 2. The comparison of bmps sizes before and after.
	LID-BMPs
	Percentage of runoff volume (%)

	
	Existing scheme
	LID-BMPS

	Green  roof
	27
	21

	Porous pavements
	22
	18

	Rainwater cisterns
	33
	23

	Average
	27.3
	20.3


The results can be summarized, for percentage of runoff volume, under scenario, 27% more runoff volume would be achieved compared to that under scenario(existing scheme) and 21% more volume reduction compared to that under scenario(LID-BMPSS strategies). The results showed that compared to the existing condition and after the recommended LID-BMPS plan would cause a 7% reduction for percentage of runoff volume, respectively. The research results could lead to useful recommendations for modifying the present stormwater management system at the YKT, and also at other township sites, in order to achieve more runoff control benefits.
CONCLUSIONS
Along with the rapid land subsidence in Yunlin, township woes have occurred and have been great concerns of many township officials. Among these land subsidence problems, the negative impact of runoff on water usage and water distribution is among the most serious ones. The present study examined the use of low impact development (LID) practices in mitigating township runoff impacts. The YKT, which was built as a demonstration of the water sensitivity community concept, was selected as a case study to analyze the strategies of LID-BMPS implementation on reducing runoff volume.
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