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Abstract:



For the past few decades, rapid urban development and climate change has caused many meteorological disasters (flooding, droughts, and heat waves) in South Korea. The current stormwater management system (gray infrastructure) is based on the pipe networks, which is not an effective method to control flash flooding problems during big rain events. Therefore, there is a need to find a more sustainable stormwater-management system that can have the ability to solve these water-related problems in urban areas. Low-impact development (LID)/green infrastructure (GI) practices are an effective approach to solving the adverse effects of urbanization and to addressing climate change. This paper reviews national water-management policies which were selected for flood and environmental protection from 1960 to 2017. Research results of applied LID practices in Korea also show that these practices are useful for stormwater management in urban areas. The dominating challenges identified are: lack of proper knowledge for implementing LID practices; uncertainties in the benefits of LID/GI practices; and lack of cooperation and collaboration between different agencies for the expansion of LID projects. Finally, some opportunities for LID/GI practices in Korea are also described.
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1. Introduction


Recently, water management has become increasingly challenging in urban areas [1]. Nowadays, population growth, climate change and limited available resources are causing severe challenges around the globe [2,3]. During the last few decades, urbanization and climate change have contributed to many meteorological disasters such as typhoons, urban floods and droughts in South Korea [3], and the country was not expecting these problems or ready to cope with them. The largest meteorological disaster in the 20th century occurred in 1994. Different heat waves and typhoons caused many causalities (3384) and property damage around the different parts of the country [4,5]. In September 2010, heavy rain (>100 mm of rain per hour) in Seoul, Gyeonggi province and Yeongseo province caused much damage, including the inundation and closure of subways. In 2012, Gangnam station, Seoul, suffered a flash flood. In August 2014 at Halla Mountain, Jeju, typhoon “Nakri” delivered precipitation of more than 1000 mm over the day [5]. In addition, a two-year drought occurred in South Korea (2014 and 2015), posing severe threats to human as well as animal life in the country [6].



The total population of South Korea ascended to 51.32 million at the end of 2014 with approximately 50% crowding in the capital city Seoul [7,8]. As a result of economic development in South Korea, the urbanization rate of the country has increased tremendously. In the capital, Seoul, impervious areas increased from 7.8% to 47.7% from 1962 to 2010, resulting in surface runoff increasing from 10.6% to 51.9% . Figure 1 shows the urban population increase of the three above countries with the passage of time. As seen from Figure 1, the urbanization rate of South Korea from 1960–2016 exceeded that of both China and the United States of America; a development considered desirable by the South Korea government. These changes in the Korean peninsula altered hydrological water cycles and caused many water-related problems. The typical issues of urbanization and climate change include urban flooding, droughts and heat-island phenomena which would directly affect society (health, social stability and economic development).


Figure 1. Urban development in the Republic of Korea compared to China and the United States, 1960–2016 [9].



[image: Water 10 00435 g001]






In the above circumstances, it is necessary to take corrective action. The installation of low-impact development (LID) or green infrastructure (GI) practices is a method to mitigate the adverse impact of increased runoff caused by urbanization. LID or GI practices help to achieve both development and environmental protection by mimicking the natural hydrology of an area [10,11,12].



The trend toward LID research arose from the rising requirement of LID engineers to develop modern and sustainable stormwater-management systems that have the capability and capacity to reduce water-related problems while maintaining the natural hydrology of an area. For example, grass swale, blue roof and rain gardens have been used to control, stormwater management as well as to maintain the natural hydrological condition of an area in a safe and sustainable way [12,13,14].



Unluckily, the current stormwater management system in use comes with compromises and hence limited benefits when considering today’s demand to address environmental, economic, and sustainable concerns. For instance, to develop a sustainable stormwater system, different best-management practices are retrofitted to existing areas to obtain a combination of benefits that control flash flooding and water-quality degradation problems [15,16].



By contrast, GI practices are capable of improving the environmental and hydrological conditions of an area while considering the economic requisites. Many studies have shown that LID gives multiple benefits by increasing the infiltration of water to the ground [17,18] and reducing runoff volume and pollutant loadings [18]. LID practices are useful for controlling runoff, infiltrating water into the ground, and evaporating resulting water in order to maintain the natural hydrological cycle of an area [19,20]. However, there is a need to develop new cost-effective LID/GI technology that can have multiple benefits, such as heat waves, runoff reduction, and rainwater storage and contribute to maintaining the natural environment of an area.



Concept of Low-Impact Development/Green Infrastructure (LID/GI) Practices


LID practices emphasize the use of small-scale, natural drainage features integrated throughout the area to slow and reduce runoff and restore infiltration and evapo-transpiration in urban areas. As a result of this, these practices mitigate the adverse effects of urbanization such as flash flooding, drought and water-quality degradation problems [19,20,21,22]. Figure 2, shows the concept of the LID practice that is followed by the South Korean government to make cities sustainable as compared to traditional stormwater-management practices.


Figure 2. The concept of conversion of gray infrastructure to green infrastructure, adopted by the South Korean government (own illustration).
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LID/GI are the terms that have been adopted to achieve healthy urban water cities in different countries such as Germany, USA and Japan, as shown in Table 1 [16,22,23]. Similar technologies under different names are described such as decentralized urban design (DUD) in Germany, sustainable urban drainage system (SUDS) in the UK, water-sensitive urban design (WSUD) in Australia, well-balanced hydrological system (WBHS) in Japan, sponge city in China, and healthy water-cycle city or rain city in South Korea [3,22,24,25,26,27,28,29]. The main objective of all these practices is to manage rainwater through a distributed approach. Nowadays, China is using LID/GI practices in 32 cities [30,31]. The successful case studies of LID practices include the central zone of the Olympic Park and the central business district (CBD) core Area of Choayang District in Beijing [29]. In South Korea, the government is making numerous efforts to develop the rain city and rain village projects that will help to make urban water-management safe.


Table 1. Origin of the terms referring to low-impact development (LID) for urban water-management in different countries.





	
Country

	
Germany

	
United Kingdom

	
USA

	
Australia

	
Japan

	
China

	
South Korea






	
Concept

	
Decentralized Urban Design (DUD)

	
Sustainable Urban Drainage system (SUDS)

	
Low Impact Development/ Green Infrastructure (LID/GI)

	
Water Sensitive Urban Design Water Sensitive City (WSUD)

	
Well-balanced Hydrological System (WBHS)

	
Sponge City for Flood Control (SC)

	
Healthy Water Cycle City, Rain City, Moist City (HWC2)




	
Characteristics

	
Decentralized rainwater management

	
Integrated design on quantity, quality and amenity

	
Management of pollution sources & rainwater management based on green land

	
Rainwater management adaptable to climate change

	
Applied as one unit of river basin

	
A sponge city is one that can hold, clean, drain water in a natural way using an ecological approach

	
Green stormwater infrastructure




	
Zero stormwater discharge projects




	
Management and using of storm-water runoff

	
Site management (design, mainten-ance & education)

	
BMPs/LID/GI

	
Management and use of storm water runoff

	
Well-balanced among flood control, water use and aqua-environ-ment

	
Rain City




	
Rain Village










For the application of LID practices, different terms such as healthy water-cycle city and rain city were used in South Korea. The rain city is based on the concept of managing the rainwater as much as possible in an area through storage, infiltration and evapo-transpiration. The healthy water -ycle city term refers to a safe and sustainable city that tries to maintain a natural water cycle through the application of best-management practices [31].



The main goal of this study was to give an overview of water-management policies at the national and local levels, to identify challenges, and to provide some solid suggestions to overcome these challenges.



The main objectives of this paper are as follows: (1) provide insights into the LID technology concept; (2) present a detailed overview of water-management policies in South Korea; (3) explain in detail the recent challenges to LID in South Korea; (4) describe the future opportunities for LID practices in South Korea.





2. Materials and Methods


This study consists of a literature review, information collection and field studies in LID projects, the research results of applied LID facilities in South Korea, and information collected from the public. Previous water-management policies were studied from past laws and legislation. For this purpose, different government reports were analyzed and studied. All the LID projects in the Seoul metropolitan area were included in this study. Information collected in this study related to the current and future challenges to further expanding LID programs. It was designed to ascertain the quantitative as well as qualitative benefits of LID projects and how the above challenges can be overcome.



All the data and information were collected from sources such as reviewing LID projects and annual result reports, field research reports, and literature reviews. In addition, a research team also conducted field trips to collect real field data from Seoul LID projects from 2013 to May 2017.




3. Results and Discussion


3.1. Water-Management Policies in South Korea


3.1.1. National Level


Figure 3 gives an overview of water-management policies and different water laws implemented by the South Korean government. In South Korea, different authorities are involved in establishing water-management laws which include MLTM (Ministry of Land, Transport, and Marine Affairs), MoE (Ministry of Environment), MIFAFF (Ministry for Food, Agriculture, Forest and Fisheries), and K-Water (previously named Korea Water Resources Corporation). These authorities usually draw up laws and acts related to water in South Korea. A Korean water-management plan was initiated with the promulgation of River Basin Law in 1961; the biggest tasks were flood reduction and restoration of the water supply for multiple purposes, including energy production, agriculture and the potable water supply [15,32]. In 1967, the Korean government established the Ten-Year Comprehensive Water Resource Development Plan (1966–1975) and the Multipurpose Dam Act (MDA) of 1966 [32,33]. The main purpose of these laws was to store water in big dams and use it for different purposes like hydropower generation, irrigation and water supply.


Figure 3. Laws on water-cycle management in South Korea modified from [3].
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In the 1970s, after industrialization in the country, the top priority was to secure a sufficient amount of water for industry as well as for agriculture [33]. The River Basin Law was revised in 1971, and a new comprehensive development plan for four major rivers was developed. The main purpose of this new plan was to change single dams to multipurpose dams that can give multiple benefits such as water supply, reduce floods, restore surface water, and hydropower generation etc. [32]. Rapid urbanization and industrialization demanded more water for industrial as well as urban areas. During the 1980s, South Korea made various efforts to improve the quality of sewage water through sewage-treatment plants. However, the sewage-treatment plant operation needs proper attention and working mechanisms to avoid undesirable incidents. The first incident was the phenol contamination that occurred in Daegu in 1991, which led to demands for more attention to environmental preservation. Therefore, later developments included environment preservation as an essential element. During the period 1960–2007, most of the laws were introduced for the flooding and environmental protection. Other laws, i.e., a law on management of drinking water, a framework act on national land, a law on countermeasures against natural disasters and a water-quality ecosystem conservation act also follow the same concept of flood and environmental protection.



After the industrialization in South Korea, the emission of CO2 was extremely high. Therefore, to minimize the emission of CO2, the government introduced a new law of Green Standards for Energy and Environmental Design (GSEED). The main idea of this law includes the application of green technologies which can adapt to climate change like the green roof, solar power, etc. [3,34] and to suggest efficient methods to reduce these adverse effects.



For rainwater management, a new law on low-carbon green growth was approved in 2010. The main purpose of this law was to install new rainwater-harvesting facilities to utilize rainwater efficiently for gardening etc. In 2010, LID practices were introduced in Korean water law with the main purpose of minimizing water pollution and recovering the natural hydrological cycle of urban areas. Later in 2012, the sewage law was amended for the application of treated wastewater. The definition of a “sewage storage facility” is made to reduce the flood damage, to reduce water pollution, and to reuse sewage water for different purposes such as irrigation and water supply. More efforts were made to enhance LID applications in open spaces such as parks, playgrounds and schools etc. For this purpose, the Urban Parks and Greenery Act was established.



In order to adapt to climate change impacts, a green building certification system was implemented for low-carbon growth in Korea. The main purpose was to make buildings safer, sustainable and more resilient to climate change. The Green Standard for Energy and Environmental Design (GSEED), Green Building Act, Article No. 16 was revised in 2013 to include LID practices. The criteria included ratings by using the stormwater-management practices in the Green Standard for Energy and Environmental Design (G-SEED). The rating criteria mark in buildings is explained as follows: the use of stormwater-management practices (such as a green roof, rain garden etc.) will receive 5 credits; the use of rainwater and water infiltrating to ground (rain garden, permeable infiltration trench etc.) will receive 4 credits; the use of water-saving equipment in buildings (rain cistern) will receive 3 credits; the use of equipment for water usage monitoring will receive 2 credits; and the use of gray water and treated wastewater effluent will receive 1 credit.



For water re-use utilization, in 2014 the Promotion and Support of Water Re-use law was approved for the installation of water-management facilities at different places such as apartments, large sales facilities, golf courses, etc. These places have enough space to apply water-management facilities in order to restore water aquifers and re-use water in urban areas. In 2014, the national security agency revised the natural disaster countermeasures law for small-scale development projects, and it was made mandatory to apply LID facilities in specific available areas.



In order to ensure a safe and sustainable city for all, the Ministry of Environment (MoE) also revised the green building certification standards in 2016 and included stormwater management with a new law for LID/GI. The new rules were under the revised Green Standard for Energy and Environmental Design (GSEED) and were named the Construction and Installation Standards. The main purpose of these standards was to minimize the rainwater runoff and discharge to other places [34]. These above rules tried to restore the natural hydrological cycle of the city and also helped in on-site stormwater management in urban areas. In 2016, a new law to support green buildings was established which included these LID facilities applications in urban areas. In 2017, the new laws and acts were established for the LID application on a large scale all around the country. These laws also include the inspection, planning and management of LID practices. The main purpose of this law was to monitor and manage water-resource facilities, to collect useful information for stakeholders and the public, and to prepare future manuals. The legislative work promoting the LID and GI practices in South Korea is still ongoing.




3.1.2. Local Level


In order to ensure sustainable development at local level, the Korean government also passed some ordinances for the application of LID practices. For example, Suwon and Namyang cities collaborate, and passed an ordinance on water management. In 2014, the Seoul Metropolitan Government established water-regulation plans that included the application of LID practices at apartments, buildings, roads, parking areas, landscaping, etc. In this ordinance, more focus was given to the application of LID facilities in the Seoul area to recover the natural hydrological cycle. Figure 4 explains the administrative structure of the LID for Seoul Metropolitan area.


Figure 4. Administrative structure of LID for Seoul Metropolitan [3].
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Since January 2015, a new construction plan has been specified for Seoul, which includes rainwater-management facilities of an area of more than 1000 m2. If a parking area is wider than 8 m, then LID facilities have to be installed. Along the roadsides, LID facilities such as (i.e., grass swale) should also be included. In this ordinance, the Seoul metropolitan government also focused on the application of LID/GI practices in existing areas and tried to make the city safe, sustainable and resilient to climate change. More work is going on to establish pre-consultation systems and a water-circulation policy advisory organization which may provide useful information for each LID practice such as its purpose, benefits, cost and management phase [34]. This will help lawmakers choose the optimum LID facilities at the desired place to achieve multiple benefits [34].





3.2. Korea LID-Verification Facility


The Korean LID-verification facility centre was established by the Korean government at Pusan National University, Busan, in 2014. The main purpose of this center is to apply new LID/GI practices and to check long-term research results for future application for LID practices. This new centre was built for promoting LID/GI practices, restoring natural environmental conditions, promoting sustainable stormwater-management facilities, and establishing a system for the government to provide policy incentives for a LID/GI eco-friendly public apartment market while encouraging continual research, development and market application. In this centre, different LID practices were applied at the different locations, and the results of those practices are collected for national verification and standards of LID practices. Figure 5b shows the overall details, including the LID experimental labs, LID practice sites, and the Korea LID-verification facility.


Figure 5. Korea LID-verification facility at Pusan National University, (a) LID facility centre; (b) detailed overview of the LID-verification facility.
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Research results were collected from the different LID practices applied at different locations in the Seoul metropolitan area. Results were collected from different storm events of 50 mm/h to 120 mm/h rainfall intensity [34]. Most of the LID practice designs followed US EPA design guidelines. LID project results showed that LID practices are useful for stormwater management in South Korea as shown below. They also show that these practices are very helpful for controlling rainfall runoff in different rain events. However, there are many challenges at present which may inhibit the long-term success of LID projects. The following section includes the LID practices, research results, challenges and opportunities for the application of LID practices.




3.3. Seoul Metropolitan LID Project Results for Restoring the Urban Water Cycle


In South Korea, most of the development has occurred in the capital city, Seoul. The Seoul Metropolitan LID project is one of the biggest national LID project in South Korea, and the authors of this paper are also working on this project. Green roof, green blue roof (combination of the green and blue roof) [35,36,37,38], blue roof [36], bioretention, permeable pavements, storage tank, cistern etc. [39] technology is applied at the different sites and the results manifested for stormwater management. The main idea behind these installations is to use different LID practices in a given area to utilize rainwater as much as possible (around 50 mm/day rainfall). The main purposes of using these LID practices are : (1) improvement of the current water-management system in Seoul; (2) establishment of a comprehensive plan for the healthy water-cycle city; (3) establishment of the basic plan for rainwater management in Seoul where annual rainwater runoff of 620 mm is to be handled through storage, infiltration and utilization [34].



Table 2, shows the LID practice monitoring results for stormwater in different areas [34]. These results were monitored at different LID sites and annual data were collected to check the performance of LID practices for stormwater management in Korean conditions. The monitored results showed that there were around 888 permeable pavements applied over an area of 1,478,492 m2 and total runoff volume reduced was 25,461 m3/h. Green roof technology was applied at 757 places in the total area of around 332,637 m2 reducing the runoff volume to about 948 m3/h. Similarly, infiltration trenches, infiltration boxes and cisterns were also applied in different areas of 73,262 m2, 6609 m2, and 333,583 m2, respectively. These practices reduced the runoff volume to 4196 m3/h, 1759 m3/h and 2784 m3/h, respectively [34]. The total rainfall runoff volume reduction value of stormwater management, by applying different LID practices in different areas, was 35,823 m3/h compared to 2016. Table 2 also shows that there were no research results from the rain garden, filter strip, infiltration tree planter and ecological parking lot. This is because there is less space available for the application of LID practices in a highly urbanized city like Seoul. In addition, underground infrastructure also demands extra care if we want to apply LID facilities in those areas. However, the Seoul government is trying to expand LID projects by applying more LID practices around the country and is expected to reduce around 1276 m3/h stormwater in the near future. In future projects, the Seoul government is also including the construction of a rain garden, filter strip, infiltration-tree planters, and an ecological parking lot in the suitable places to achieve multiple benefits.


Table 2. LID practices applied in the Seoul metropolitan area and their performance in managing the stormwater [34].





	
LID Facilities

	
Monitored Results of Applied LID Facilities [2016]

	
Expansion Projects of LID Measures




	
Number

	
Area (Amount of Stormwater Management Countermeasure)

	
Number

	
Area (Amount of Stormwater Management Countermeasure)






	
Permeable Pavement

	
888

	
1,478,491 m2 (25,136 m3/h)

	
30

	
50,400 m2 (857 m3/h)




	
Rain Garden

	
-

	
-

	
3

	
3700 m2 (63 m3/h)




	
Ecological Parking lot

	
-

	
-

	
1

	
480 m2 (41 m3/h)




	
Filter Strip

	
-

	
-

	
1

	
500 m2 (9 m3/h)




	
Infiltration Tree Planter

	
-

	
-

	
3

	
1280 m2 (22 m3/h)




	
Green Roofs

	
757

	
332,637 m2 (948 m3/h)

	
182

	
68,146 m2 (193 m3/h)




	
Infiltration Trench

	
705

	
73,264 m (4196 m3/h)

	
16

	
320 m (17 m3/h)




	
Infiltration Box

	
577

	
6609 units (1759 m3/h)

	
-

	
-




	
Rain Barrel

	
-

	
-

	
301

	
448 m2 (25 m3/h)




	
Cistern

	
494

	
333,583 m2 (3784 m3/h)

	
18

	
706 m2 (40 m3/h)




	
Total

	
3421

	
35,823 m3/h

	
555

	
1267 m3/h










Table 3, below shows the characteristics of the LID facilities applied in South Korea. LID practice designs were modified by the authors and applied in the Seoul areas, and the results show that these practices enhance their performance for stormwater management. The research results of LID practices showed that these are useful for handling rainfall runoff in small storm events of 50 mm/h [35,36]. The above results showed the LID practices are helpful for stormwater management in urban areas. Results from these facilities show tremendous success in controlling a large amount of water in big storm events [35,36]. The blue roof is a cost-effective LID practice and used to control stormwater in the case of small rain events [36]. Other LID practice designs followed the same mechanism of the US environmental protection agency (EPA), and their performance is summarized in Table 3.


Table 3. Characteristics of currently applied LID facilities in South Korea.





	LID Facility
	Location
	Characteristics
	Advantages
	Disadvantages





	Green blue roof
	Cheong-un middle school, Seoul
	Combination of green roof + blue roof [35,36,37]
	Can capture in a large rain event, Reducing runoff, controlling heat-island phenomena [35,36,37]
	Need expertise fin the design of green blue roof [36]



	Permeable pavements
	Songpa, Seoul
	Typical design of permeable pavement [20]
	To reduce flash flooding and water-related problems [20]
	Expensive and needs special design [20]



	Green roof
	Government complex building Seoul, Korea
	Typical design of green roof [34,40]
	To reduce runoff and control heat waves and enhance the surrounding environment
	Construction cost is higher compared to blue roof



	Blue roof
	Seoul City Hall Annex Seosomun, Seoul
	Temporary storage of height around 1 m2 [36]
	Cost-effective practices and can catch water in small storm events [36]
	Surrounding debris can attach to the surface of a blue roof and can reduce performance [36]



	Infiltration trench
	Sejeong daero, Seoul
	Permeable infiltration material use for infiltration of rainwater
	Helps reduce flash flooding problem and enhances infiltration into the ground [34]
	-



	Infiltration Box
	Ilsan, Korea
	Typical design and usually uses the tree to catch surrounding water and to infiltrate into the ground
	Helps to enhance the infiltration of water into the ground [34]
	-



	Cistern
	Seoul, Korea
	Different size storage tanks are used to store the rainwater [39]
	Gives multiple benefits in stormwater management and reduces costs
	-









The above showed promising results of LID practices in managing stormwater near the site. However, there are still growing challenges associated with the application and implementation of LID/GI practices to mitigate or resolve water-related problems in order to achieve a safe and sustainable city.




3.4. Challenges for the Application of LID/GI in South Korea


There are still many challenges for the application of LID practices in South Korea. Data are collected from different papers, reports and public interviews. Different studies were carried out to find out the challenges for the application of LID/GI in South Korea, which are explained below.



3.4.1. Need for a Special LID/GI Application Plan


Currently, in South Korea LID practices are mostly focused on the smaller scale such as individual buildings. However, to reduce flash-flooding problems in cities, [40] there is a need to develop a special plan for LID/GI application that can apply to all urban areas. The current water–sewage system that discharges water offsite in a short time also reduces the infiltration of water into the ground and causes a sewage overflow, and hence a need to transform the water-cycle city plan [22,41,42,43,44,45,46]. Therefore, continued research results need to be provided to the public in order to diminish these issues.




3.4.2. Lack of Regulation on the Planning and Implementation of LID/GI in South Korea


Appropriate regulations for applying LID facilities are necessary for its success. There is still a lot of work required to make proper rules and regulations in Korea. Currently, LID/GI practices are applied in different cities; however, there are still no specific rules for the management of LID practices which is one the biggest challenges to date [22,43,44,46]. The management of LID practices means asking questions about who will take care of the LID practices after construction, i.e., the house owner, local authority etc. For the successful application of low-impact development for multiple benefits there is a need to provide management laws and regulations.




3.4.3. Lack of Inter-Agency Collaboration and Cooperation


Lack of collaboration and cooperation in the application of LID/GI facilities is the biggest problem in Korea. This is because for the implementation of LID projects, most of the sectors do not agree as LID facilities have high initial costs [3,45,46]. There is no general cooperation between different professional spheres (civil engineers, transportation engineers and environmental engineers) for the application of LID/GI practices.




3.4.4. Lack of Knowledge and Inappropriate Designs


Lack of skilled labor for the construction of different LID facilities, i.e., permeable pavements and the green roof, is another issue in Korea. Firstly, the labor costs are high as compared to China, Taiwan and other Asian countries that also demand significant levels of capital for the application of LID practices. We know that if LID practices are not well constructed or applied properly, then they may require special maintenance to perform at a desirable level [35,47,48]. Lack of knowledge and guidance, design standards as well as inexperienced planners may result in the unsuccessful development of LID/GI practices [48,49,50]. For example, a rain-harvesting storage tank is compulsory in building design for rainwater in Korea. The main concept of this idea is to store the rainwater and to use it for other purposes (such as irrigating nearby areas etc.). However, this system cannot run without energy because the energy is required to pull water from the storage tank to irrigation places. Therefore, there is a high need for more expertise to design different LID practices that will give multiple benefits in urban areas.




3.4.5. Unavailability of Green Product


LID industry has been booming in the US and some of the European countries during the past few decades. Most of the products and materials required for this industry have been developed and provided only by these countries [29]. These green products also include geo-membrane materials etc. which are mostly used in the green roof and rain garden [37]. In South Korea, LID/GI products currently are imported from foreign countries. Therefore, an absence of local green products increases the construction cost and may also greatly hinder the expansion of LID/GI in Korea [37].




3.4.6. Ambiguity of Life-Cycle Costs and Benefits


Research on LID/GI facilities is still in progress and there are few studies that show the life-cycle costs of these LID facilities [16]. In addition, the life-cycle cost and benefits (environmental, social and ecological) are also unknown [22,29,42]. For LID facilities’ application, there are specific costs for the operation and maintenance of LID practices which are still unknown. Under these circumstances, the participation of stakeholders in LID/GI projects is also a major challenge.




3.4.7. Lack of Incentives for the Application of LID Practices in South Korea


Lack of incentives to the public for the application of LID practices in South Korea is a major challenge. There are no such incentives to homeowners for the application of LID practices which encourage them to apply LID practices.




3.4.8. Existing Infrastructure do not Allow Application in Big Cities


Sometimes it is very difficult to find space for the application of LID practices in existing developed areas. This is because most of the big cities are highly developed and this also makes it difficult to find the space for the application of LID practices in South Korea.




3.4.9. Lack of Knowledge of the Management of LID Practices


In South Korea, most of the LID practices are not managed well by the public or homeowner. This greatly affects the performance of LID practices over a long period of time. For example, a green roof cannot perform well for water-quality improvement just after construction. This is because the homeowner uses more fertilizer in the green roof soil and this affect its performance.





3.5. Future Opportunities for LID/GI Application in Korea


3.5.1. Innovative and Systematic Approach to LID/GI Application


First and foremost, LID/GI application requires systematic and innovative thinking at all stages (i.e., planning, constructing, implementing and managing) [51,52]. The main issues facing LID/GI application are usually water-related problems such as stormwater management, drought and water pollution. These problems could be solved by a systematic approach for managing urban water as in some related work that has been carried out in Canada [48,49]. Credit Value Conservation (CVC) 2015 [49] worked on the development of new sustainable approaches to adopt LID practices that can provide multiple benefits in urban areas. But, there is still a need to develop new guidelines for the application of LID practices under Korean climatic and geographic conditions.




3.5.2. Financial Incentives for the Application of LID in South Korea


To promote LID practices on a larger scale, there is a need to provide financial incentives to the pubic, house owners and stakeholders. This will not only attract people to adopt LID applications, but will also help to make cities safe and sustainable. The South Korean government should encourage stakeholders in the application of LID practices in new construction by giving them some incentives.




3.5.3. Design Team Education Programs


There is a need to design education programs in universities to make people aware of the new climate change regimes as well as new sustainable practices. For this purpose, there is need to have a special curriculum in Korean universities on new smart and sustainable cities. There also a need to organize seminars and public meeting to tell them about the importance of LID application by showing them some successful case studies in other countries.




3.5.4. Innovative Policies


The South Korean government should establish innovative policies in order to make cities as new smart and sustainable cities. For this, there is significant need to establish some specific policies for the application of LID practices for all new construction projects. Moreover, this policy should not only be adopted at the national level but also at the local level.




3.5.5. Strengthening Scientific Research to Create New Innovative LID/GI Tools


Advanced research and in-depth applications of studies into the LID/GI concept and practices are needed in order to develop a new innovative design tool specifically for Korean conditions. This is because most LID guideline i.e., CVC, Edmonton, have been applicable in cold climates such as Canada, the USA, and European countries. However, in Asian countries where the climatic conditions are different as the summer temperature is hot these cannot yield useful results [50,52]. Therefore, there is a need for separate guidelines which may also include Asian weather conditions for the application of LID practices in these countries. In South Korea, at the national level, there is a significant need to develop the new models, designs, maintenance and operation guidelines and to establish a national database for LID/GI cities [22,31]. At the local level, there is also a need to inform the public about the benefits of LID/GI facilities, their impacts on watersheds, and to provide the incentives to encourage LID cities; conducting triple bottom line (environment, social and economic) analysis to identify the benefits of LID/GI facilities. Figure 6, shows that in South Korea there is still a need to draw up plans for road and parking areas for LID applications. Moreover, the development of a new innovative tool that will help to find the optimal place and life-cycle cost for each LID facility is required [29,31,53].


Figure 6. Sites where new guidelines/tools are needed for the application of LID/GI in Korea (authors’ illustration).
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3.5.6. Enhancing the Urban Monitoring System


For monitoring LID/GI facilities, it is better to utilize the Internet of Things (IOT) in many aspects of urban water management. Smart devices for drainage and rainwater collection could be installed that can give useful online information to users. Additionally, online and real-time monitoring, including rainfall runoff and precipitation amounts in the drainage and urban surfaces in urban areas, is also essential [22,46]. This can help to forecast flooding and to mitigate other future water-related problems in urban areas.




3.5.7. New Innovative Urban Water-Management System


There is a need to change our traditional urban water-management system to a new, innovative urban water-management system by using cost-effective LID/GI facilities [22,30,44,45,46,47]. In the new system, there is a need to demonstrate and identify the proper areas for the application of LID facilities. These sites and LID practices should be selected very carefully in order to develop a sustainable city. Moreover, the development of a more cost-effective LID facility that can provide multiple benefits in an area is also required [50,53].




3.5.8. Strengthening Co-Operation and Collaboration


Co-operation and collaboration among different stakeholders is important and necessary for the successful application of LID/GI facilities for safe and sustainable cities. As we know, LID application requires a high budget and significant care for its successful implementation [16,22] Therefore, there is a need for public-private partnerships (PPP) for the expansion of LID concept knowledge and expansion throughout the country [22,31]. Government agencies should work together to identify the current challenges and for the expansion of LID facilities to transfer our gray cities into green cities. These stakeholders should collaborate to change current municipal codes and other standards and make some ordinance for the expansion of the LID project all around the country. This work can be done by following the US (EPA) 2014 [52] collaborative support document in which they discussed in detail co-operation and collaboration in LID construction in the US. In Korea, there is also a significant need to prepare such collaborative guidelines that can provide a comprehensive strategy to divide the LID construction tasks among different fields. At the local level, it is necessary to make the public aware of the importance of LID projects for urban cities. At the international level, there also needs to be co-operation and collaboration to share knowledge, experience and products through international workshops, seminars and conferences. This can be done to adopt the advanced level research, methods, new cost-effective approaches related to stormwater management emanating from the US, Europe and Japan. An enormous effort is needed globally to develop more cost-effective LID facilities that can offer multiple benefits [49,50,51,52,53]. Figure 7 explains the steps for strengthening collaboration for the application of LID practices from the local to the global level. In step 1, it shows that there should be a collaboration at local level for the application of LID practices. Step 2 and 3 explains that there should a platform where multiple national and international experts meets and share useful information about the importance of LID practices.


Figure 7. Steps for strengthening collaboration from the local to the global level based on Seoul Metropolitan project results (authors’ illustration).
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4. Conclusions


Low-impact development (LID) practices are gaining greater importance as a result of the increased acknowledgement of the positive effects of mimicking natural hydrology around the globe. This paper provides an overview of water-circulation policy development in South Korea. It explains the local water policy amendments for making cities safer and more sustainable in South Korea. It also presents multiple LID/GI experiences applied in other countries for safe and sustainable stormwater management.



Despite the advantages of LID/GI techniques for sustainable stormwater management, the application of LID/GI is still a major challenge in reality in South Korea. The lack of financial support and cooperation and collaboration between different engineering professional spheres (civil engineers, environmental engineers, water-resource engineers and transportation engineers) are the biggest challenges for the expansion of LID/GI projects in Korea. However, there is still a need to explore new opportunities for safer and more holistic urban cities. Based on the study, the following conclusions were drawn:

	
Diverse and huge efforts are needed to explore the multiple benefits of LID/GI facilities that can encourage the general public to participate in LID projects.



	
There is a need for more research to find more cost-effective, optimal combinations of LID practices that can have multiple benefits in the Korean geographical context.



	
At the national level, LID/GI concepts should be included in the law and should be implemented in all development projects.



	
More cooperation and collaboration is needed at the local, national and international levels to share knowledge, technology transfer and to find new innovative design/tools for LID/GI projects.








With the appropriate guidelines and laws, the obstacles can be minimized, resulting in fewer barriers to the implementation of LID practices. In future, there is a need to merge more innovative, cost-effective LID/GI practices in order to enhance their synergy to achieve multiple benefits (social, environmental and economic).
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