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Abstract
Coupled with the recent recognition of the importance of rainwater harvesting (RWH) at the world summit conferences organized by World Water Forum and UNEP, the promotion of RWH is growing rapidly throughout the world. RWH is believed to have a major role in enabling developing countries to meet the Millennium Development Goal by 2015, which will halve the number of people who do not have access to safe drinking water. RWH is also considered a sustainable technology for developed countries. A new paradigm is suggested, the main concepts of which are to consider rainwater as the main source of water, to manage by area on a decentralized basis, to control water near its source and to involve local activists. In this paper, traditional and current rainwater harvesting practices throughout the world are introduced including some case studies where RWH is used for other benefits such as flood control, disaster prevention, energy saving, and pollution prevention. With this new paradigm, various activities are suggested with involvement of different stakeholders: research and technology, developing logical background and supporting materials for the decision makers, education and public awareness and constructing worldwide networking. 
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INTRODUCTION

Most world water problems occur because of uneven distribution of rainfall in terms of time and space. Some countries suffer from water shortages while others have too much water at times. Some countries in monsoon areas experience flooding after severe droughts. We are expecting more difficulty in the future because of climate change, which is expected to alter the distribution of rainfall. Existing infrastructure, such as storm water sewerage and river bank flood controls, may not be capable of containing the increased rainwater runoff, resulting in flooding. Drought may cause changes to the pattern of human activities and financial commitments that depend on the current climate. Most of these problems can be solved by proper management of rainwater.

In the developing countries, there are 1.1 billion people who do not have access to safe drinking water. An MDG (Millennium Development Goal) has been set up which will halve the number of people who do not have access of safe drinking water by the year 2015. Even in the developed countries, efficient and wise use of water and energy is needed to maintain the current standard of living.

In order to solve these current and future water problems, rainwater management based on a new paradigm is required. Recently, rainwater harvesting became a major issue at several international meetings, including the World Water Forum and a UNEP meeting. For example, at the third World Water Forum (Kyoto, Japan, March 2003), it was concluded that:

- Harvested rainwater is a major water supply option, as important as surface and groundwater.

- Decentralized water utilization and resource management uses rainwater harvesting for the sake
of the people and the Earth.

At the “Jeju Initiative” Global Ministerial Environmental Forum (Jeju, Korea, March 2004), it was concluded at Clause 16 k, under the subtitle of sustainable technologies, that: 
- Alternative and cost-effective technologies, such as rainwater harvesting, should be explored and promoted and the transfer of appropriate technology increased.

In this paper, we introduce those traditional and current rainwater harvesting practices being used throughout the world. The variety of technologies to harvest rainwater, the applications it can be put to and other benefits of rainwater harvesting are also presented. We discuss further actions that are required at an international and local level. Finally, building a worldwide network to promote rainwater harvesting is suggested.

NEW PARADIGM OF RAINWATER MANAGEMENT

The most difficult problems in water management occur in monsoon areas, because they suffer from flooding after a severe drought period. Climate change is expected to make this problem even more severe, and a new paradigm in the management of rainwater is required. Although these paradigms are developed in the context of a monsoon area, similar concepts can be applied to other dry or wet areas, such as Mediterranean climates. Eventually it will help countries to meet the MDG, and efficient use of water will require less energy and ensure sustainability.

Rainwater is the source of all water

All of our water sources, surface water and groundwater originate from rainwater. Direct collection and use of rainwater can not only save the energy required for water treatment and transportation, but also increase safety factors against damage by flooding, water shortage, pollution or fire. Rainwater harvesting should be considered the first option for water supply for existing and new water supply system.
Management by area

Changes in the permeability of the land surface induced by development or heavy rainfall due to the climate change may greatly increase runoff. Current measures to deal with this have been at the nearest stream, and include rainwater pump stations, dams, and elevated dikes. These measures deal with runoff in a chain of structures (management by line). It may be better to create a number of detention ponds or storages on a small scale over the entire area on which the rain falls. This would not only prevent flooding, but also reduce the effect of drought. Saved water can be used to create small lakes or wetlands for better environment.

Decentralized management

Traditionally, water supply systems have been based on a centralized system, where water is taken from a dam, treated and distributed on a large scale. Although there may be merit in such large-scale systems, they are significant users of energy for water treatment and transportation. Instead, a decentralized system coupled with proper management will reduce the costs and energy requirements. If we implement the RWH system at an existing large-scale water supply system, we will create a more flexible and secure water management structure.
Source control
Raw water taken from a river may contain turbidity, pathogens or soluble contaminants collected from over the entire catchment. These need to be reduced by treatment, which requires additional energy and money. However, if we collect rainwater near where it has fallen, we can maintain good water quality with relatively little treatment. An additional benefit of reducing the volume of runoff by direct storage or ground infiltration is the reduced threat of flooding at a local level. After collection, the saved water can be used for various purposes near where it is required.
Involvement of local action

Rainwater harvesting involves many small-scale projects at the local level, instead of one large, remote project, and so involves a lot of stakeholders. Since the involvement and support of local people is very important, education and public awareness are crucial.

RAINWATER HARVESTING PRACTICES THROUGHOUT THE WORLD 

Many different rainwater harvesting practices can be found throughout the world. These are either old or new practices, and are based in arid, wet or monsoonal climates, adapting traditional technology or new technology. Examples of rainwater harvesting are reported in a UNEP publication (1) and the current status of some countries are as listed below, taken from this source.
Africa. Although in some parts of Africa rapid expansion of rainwater catchment systems has occurred in recent years, progress has been slower than in Southeast Asia. This is due in part to the lower rainfall and its seasonal nature, to the smaller number and size of impervious roofs and to the higher costs of constructing catchment systems in relation to typical household incomes. The lack of cement and clean graded river sand in some parts of Africa and a lack of sufficient water for construction in others, add to the overall cost. Nevertheless, rainwater collection is becoming more widespread in Africa. Kenya is leading the way. Since the late 1970s, many projects have emerged in different parts of Kenya, each with their own design and implementation strategies. These projects have been responsible for the construction of many tens of thousands of rainwater tanks throughout the country. 
China. Gansu is one of the driest provinces in China. The annual precipitation is about 300 mm, while potential evaporation amounts to 1500-2000 mm. Surface water and groundwater supplies are limited and agriculture in the province relies on rainfall. Generally, people suffer from inadequate supplies of drinking water. Since the 1980s, research, demonstration and extension projects on rainwater harvesting have been carried out with very positive results. In 1995/96, the “121” Rainwater Catchment Project implemented by the Gansu Provincial Government supported farmers by building one rainwater collection field, two water storage tanks and providing a piece of land to grow cash crops. This project has proven successful in supplying drinking water for 1.3 million people and developing irrigated land for a courtyard economy. As of 2000, there was a total capacity of 73.1 million m3 in Gansu Province, supplying drinking water for 1.97 million people and supplementary irrigation for 236,400 ha of land.
Germany. In a project at the Beless-Luedecke-Strasse building estate in Berlin, rainwater from all roof areas (with an approximate area of 7,000 m2) is discharged into a separate public rainwater sewer and transferred into cistern with a capacity of 160 m3, together with the runoff from streets, parking spaces and pathways (representing an area of 4,200 m2). The water is treated in several stages and used for toilet flushing as well as for garden watering. The system design ensures that the majority of the pollutants in the initial flow are flushed into the sanitary sewer for proper treatment in a sewage plant. It is estimated that 58% of the rainwater can be retained locally through the use of this system. This system not only conserves city water, but also reduces the potential for pollutant discharges from sewerage systems into surface waters that might result from storm water overflows. This approach to the control of non-point sources of pollution is an important part of a broader strategy for the protection of surface water quality in urban areas.

Korea. Since Korea is in the monsoon area, where people suffer from drought followed by flooding, rainwater management has been traditionally considered a task for the highest authority, such as the King. In AD 1441, King Sejong the Great first developed a rain gauge (Figure 1). This instrument was developed about 200 years earlier than a similar type of rainfall gauge developed in Europe. Rainfall data were collected from the national network for 500 years and some 150 years of these records still exist. 
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Figure 1. The world’s first rain gauge. It was developed in 1442 by King Sejong the Great and used since that time. It was distributed to local governments under the direct supervision of the King. Rainfall data thus measured were gathered through a nationwide network and records were kept for more than 500 years after its development. 

Despite this history, Koreans nowadays seem to have forgotten the importance of rainwater. Only in remote areas such as islands is rainwater used as the sole source of water. However, recently, there has been increasing interest within government, academic circles and non-governmental organizations to promote the utilization of rainwater in Korea. Some local governments, such as Seoul Metropolitan Government or Kyoungki Province, enforced an act to require installation of a rainwater utilization system for newly constructed buildings and also developed an incentive program to promote rainwater utilization. Recently, rainwater management has been considered as an important measure to prevent natural disasters such as flooding and/or drought. Technical data and theories are being developed through the experience gained at several demonstration projects at schools and army bases. 
One specific rainwater system was designed at a newly constructed building site (Figure 2). A 3000 m3 rainwater tank was installed and divided into three sections, 1000 m3 each. The first tank collects rainwater from the unpaved surface, but should be kept empty most of the time, except when there is rain. The second 1000 m3 tank collects rainwater from the roof, and collected rainwater is used for toilet flushing and landscaping. The third 1000 m3 tank is filled with fresh water and should be ready to be used for supply during emergencies such as fire fighting or accidents. The first tank is for flood control (for others), second is for water saving (for self) and the third is for emergency (for all of us). This basic design concept stems from the Korean philosophy of allowing everybody to benefit.
 SHAPE  \* MERGEFORMAT 



Figure 2. An example of rainwater tank design in Korea. An ideal design of rainwater management at an apartment building complex in Kwangjin-Gu, Seoul, Korea. The rainwater tank is divided into three sections with different purposes, one each for the prevention of flooding, drought relief and emergency use. 

SIDE BENEFITS OF RAINWATER HARVESTING

There are benefits of rainwater harvesting other than water saving and flood control. Several examples exist in Korea. Small rainwater tanks can be used for extinguishing fires. In the spring, because the weather and land is dry, frequent fires occur in the mountains and consume buildings in these remote areas where there is not enough water. Also, the collected rainwater can be used for cooling. In the hot summer, the temperature of a cattle farming building can be reduced by spraying the roof with stored rainwater. After cooling, water is recycled and reused. Rainwater can be used for emergency purposes in the cities. Because the centralized water supply system consists of a one line system, it is vulnerable to damage and attack unless many countermeasures are prepared. Stored rainwater can be used for toilet flushing or cleaning when the main water supply system is temporarily unavailable without incurring an unnecessarily high cost.

FUTURE ACTIVITIES NEEDED

In order to promote rainwater harvesting with the suggested new paradigm, we need the following action.
Research and technology development

Although rainwater harvesting has been used from the beginning of the human history, little scientific and technical knowledge are available in terms of design and operation of rainwater harvesting systems. Research on the following topics (but not only these) is needed.

Water quantity. The design issue of how to collect, store and treat rainwater requires a joint effort of architects or land planners.

Water quality. Maintenance of the good quality of rainwater in the presence of air pollution by appropriate treatment technologies. Health concerns when rainwater is used for drinking purposes. Treatment of rainwater collected from different surfaces, such as roofs, roads and fields. A low cost, low energy water treatment system is required.

Sewer system modeling. Increasing the capacity of existing sewer systems, with minor modification, by the installation of rainwater harvesting systems. These may prevent flooding due to the unexpected heavy rainfall events expected to be induced by climate change.

Background logic for the decision makers. A cost-benefit analysis to support the decision makers in adapting the suggested new paradigm is required. Other water supply options, such as gray water systems, desalination systems, and the traditional centralized water supply system, should be compared with the same criteria. Implementation of a RWH system to cope with increasing water demand.
Information exchange

Because there may be many different applications suited to different situations, exchange of information is extremely important. Thanks to the information technology that is available today, we can share the technical knowledge and experience of case studies in a relatively easy way. UNEP-IETC has built a website named ESTIS (environmentally sound technology information system) where many environmentally sound technologies, including rainwater harvesting, are introduced. Development of e-learning courses about rainwater harvesting may be valuable since people from all over the world can access them.
Education and public awareness

The most important and efficient way to solve the world water problem is to teach the next generation when they are in school by including it in their educational course. In Japan and Korea, rainwater museums are open to students and the public, showing the importance of rainwater harvesting by displaying different technologies as well as cultures. The best way to inform the current generation is to use mass media, such as TV, newspapers and the internet. For each special group, a unique education program can be developed. For example, considering the compulsory army service for boys in Korea, an education program on RWH in the army can easily re-educate half of the Korean population.
Worldwide Networking

In order to build up friendship and understanding in the next generation, an IT-based network has been developed for school children and their parents (2). Through this network, people can share non-technical information about rainwater and rainwater culture and enjoy interacting with each other. Some interesting side events can be made, which include rainwater collecting contests, rainwater essays and drawing and photo contests, and discovering traditions and culture related to rainwater. The Building International Friendship Through Rainwater Utilization (BIFURU) program may be extended to exchanges with school children in many countries.

CONCLUSION

RWH has traditionally been used in different parts of the world since the beginning of human history, without any difficulty. Recently, people began to think of this forgotten wisdom as a first option to solve the world water problem. In order to meet the requirements of the MDG, mitigate flooding and drought and maintain sustainability during changing climate and energy crises, a new paradigm for rainwater management is required, the main concepts of which are consider rainwater as the main source of water, to manage by area on a decentralized basis, to control water near its source and to involve local activists. With this new paradigm, various activities are required. These include the involvement of different stakeholders, research and development of technology, developing a logical background and supporting materials for the decision makers, education and public awareness and constructing worldwide networks. The vision of rainwater harvesting is to create a harmonized environment by properly and wisely utilizing rainwater, appreciating that it is a gift from heaven (Figure 3).
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Figure 3. A logo to represent Rainwater Harvesting. The logo, with the shape of upside-down umbrella, represent the vision of Rainwater Harvesting. The upper part (the handle of the umbrella and the raindrops) signifies that the rain comes from heaven. The lower part represents the earth and nature. The middle part (the stem of the umbrella) represents the people (人), who connect heaven and earth. The overall meaning of this logo is the harmony and balance of heaven, earth and people that can be achieved by proper use of rainwater, a gift from heaven. 
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