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1 URBAN RAINWATER CATCHMENT ISSUES 

PAPERS 

1.1 Runoff Absorption Potential of Roofing Materials 
Adhityan Appan and Sim Wan Seng 
Division of Environmental & Water Resources Engineering 
School of Civil & Structural Engineering 
Nanyang Technological University 
Singapore 
email: CAPPAN@ntu.edu.sg 

Introduction 

About 48% of the land area in Singapore is being utilised as water catchment. The water abstracted is 
not sufficient for the increasing demands in a rapidly growing industrial society. Consequently, about 
60% of the water is imported. Hence, ways and means are being looked into to harness more water 
from the rest of the land area in which 86% of the urban population lives in high-rise buildings. The 
potential catchments being looked into are the roofs of high-rise buildings wherein the water collected 
at the roofs is of a high order (Appan, 1997) and will also reduce considerably the energy costs. The 
rooftops are primarily flat and, in some cases, pitched roofs have different types of roofing tiles. Being 
in a sub-tropical region, where radiated heat can reach very high levels throughout the year, it is 
envisaged that during tropical downpours, considerable amount of the rainfall is absorbed by the 
roofing material resulting in a loss in the runoff. The main objectives of this paper are to: 

• to review a few absorption standards for roofing materials and study some of the roofing 
material used locally 

• to establish a relationship between heat generated by radiation and the equivalent temperature 

• to set up an experiment to study the amount of water absorbed in different roofing materials 
for the worst condition of a thunderstorm and  

• to draw conclusions and make recommendations for further research 

1.2 Water Harvesting in an Industry – Bangalore, India 
B.S. Ajit Kumar 
Escorts-Mahle Ltd. 
Bangalore 
India 
email: icngnblr@blr.vsnl.net.in 

Introduction 

Bangalore, the capital of Karnataka State in South India, is located at an altitude of 921 MSL on the 
Southern edge of the Deccan Plateau. It is a rapidly growing city known as the Silicon Valley of Asia. 
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The current population of 6 million is expected to reach 7 million by 2011. Industries, especially 
software and automobiles, are flocking in. The water supply infrastructure is under severe stress and 
groundwater levels are dropping alarmingly. Due to pressure on land, lakes and tanks are being filled 
up and converted to real estate. This phenomenon makes ground water recharge more difficult thus 
depleting ground water further 

1.3 The Quality and Major Influencing Factors of Runoff in 
Beijing's Urban Area 
Che Wu, Wang Huizhen, Li Junqi, Liu Hong & Meng Guanghui 
Beijing Institute of Civil Engineering and Architecture 
China 
email: chewu812@sina.com 

Introduction 

Beijing is faced with dual pressure brought on by the shortage of water resources and water 
environment pollution. To cope with this situation, it is important to study the quality of the average 
annual runoff of about 200 million cubic meters in the urban area (Che, 2001). 

We analyzed and studied the quality of the natural rainfall on roofs and roads during the rainy season 
1999-2000. The study shows that the pollutants quantity of natural rainfall was relatively low and the 
water quality was basically fine. The rainwater on roofs and roads showed serious pollution, mainly 
organic pollution and suspended solid pollution. This article, therefore, focuses its analysis on the two 
COD and SS indexes 

1.4 Urban-related Water Issues at Local Level: Case Study 
“Caduti Della Resistenza-Ater” Neighbourhood, Padua, Italy 
Erich Roberto Trevisiol 
Planning Department 
University Institute of Architecture in Venice (IUAV) 
Italy 
email: erich@iuav.it 

Introduction 

Water planning, within the context of overall landscape planning, should not be defined only within 
the plan’s strategy, but also via the identification and definition of specific sectorial issues: a new 
approach to protection of the surfaces associated with water utilisation; collection and non-
conventional treatment of wastewater; the possibilities for water conservation during distribution and 
use; protection and valuation of water bodies and related territories, taking account of landscape 
characteristics and the growing awareness of the local population. All the above is being translated 
into concrete action in the illustrated case study “Caduti della Resistenza-ATER" Neighbourhood, 
Padua, Italy 
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1.5 Ecological Storm Water Management of Large Settlements 
Harald Kraft 
Schmiljanstrasse 7 
12161 Berlin 
Germany 
email: kraft@ib-kraft.de 

Introduction 

Until the mid-90s, all storm water was treated as contaminated surface runoff and diverted away in 
drainage systems. Drainage took precedence over infiltration. However, with the amendments in the 
state water laws, the water resource management objectives became reversed, and decentralised 
infiltration began to take precedence over drainage.  

Storm water management in urban areas is basically subdivided into that for private lots and that for 
public property, including streets, public squares, parks, or other open areas. It is primarily carried out 
through retention, reuse, and infiltration. Drainage of storm water as wastewater can now be seen as 
outdated. Storm water management intended to relieve the sewer network, infiltration to enhance 
groundwater recharge, and on a limited scale, the storm water collection for reuse, are finding 
increasingly more application in modern development projects. 

1.6 Internet Survey on Local Governments Subsidizing Rainwater 
Utilization 
Ryoko Shintani, Ichiro Kita, Hiroshi Itagaki, Kouichi Takeyama and Kitamura 
Kunihiko 
Faculty of Agriculture 
Gifu University1-1 Yanagido 
Gifu City, Gifu 501-1193 
Japan 
email: hiroshi@cc.gifu-u.ac.jp 

Introduction 

Recently, the internet has been so popularized that we use it very easily almost everywhere, such as 
offices, home, etc. As users of the internet increase in number, the information available on websites 
increases. With such a background, internet surveying is considered to be a new and very useful 
method, because it can economically conduct a survey on many subjects in a short period and in 
addition, it can quickly process the data for totals.  

In urban areas, inhabitants often suffer from water shortage, exhaustion of ground water and floods 
caused by the excessive coverage of ground surfaces by artificial structures, concrete buildings, paved 
road, etc. One solution to these problems is to introduce facilities which store rainwater and promote 
rainwater penetration. Rainwater utilization facilities are very useful in preventing urban flooding, 
saving water and the conservation of ground water, therefore public buildings have been equipped 
with them. In order to increase their effect, rainwater use facilities need to be diffused further and be 
spread to private offices and houses. However, people hesitate to install them until they are sure of 
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obtaining benefits commensurate with their expense. Thus, subsidies for installing rainwater use 
facilities have been offered by local governments to promote their further diffusion. 

In this research an internet survey, concerning the availability of subsidies for rainwater utilization 
facilities, was conducted on local governments with websites. 

1.7 Rainwater Harvesting in an Urban Context:Case Study of 
Bangalore City, India 
S. Vishwanath 
Bangalore Rainwater Club 
email: chitravishwanath@vsnl.com 

Introduction 

Rainwater harvesting has gained tremendous interest among academics, institutions, media and lay 
people especially in the past few years all over India. While rainwater harvesting has a broad generic 
description in the rural context as water collected mainly for agriculture purpose in dry land and tank 
irrigated area, rooftop rainwater harvesting has a clearer definition as water collected from rooftops 
chiefly for domestic consumption. In this paper rainwater harvesting refers to the process of 
collecting, filtering and storing water for urban use. Collecting can be from rooftops and also at urban 
micro-watershed level in lakes and tanks Storing can however mean actual storage in tanks and sumps 
or recharging groundwater either through open wells or deep bore wells.  

1.8 Quantitative and Qualitative Improvement in Groundwater by 
Artificial Recharge: A Case Study in Jawaharlal Nehru 
University, New Delhi 
Saumitra Mukherjee and Anita Mukherjee 
School of Environmental Sciences 
Jawaharlal Nehru University 
New Delhi-110067 
India 
email: smukhremote@netscape.net 

Introduction 

Soil properties and land use patterns are the major contributing factors to the hydromorphogeology of 
a particular area. Information on existing land use is required for the formulation of policies and 
programmes for sustainable development (Kale, 1992). Humans transform the land for different 
activities and quantifiable information on the dominant activities is necessary to develop future plans 
(Rao,1995). A knowledge of past human activities on the site may also be useful.  

In order to choose good positions for check dams (to replenish groundwater) on the JNU campus, 
historical monuments and other urban features of the JNU have been analysed by satellite imagery ( 
Mishra et.al 1996, Shokhi, 1992, Catanese, 1972). The same data was helpful in locating former brick 
kilns in the recharge areas of JNU new campus for groundwater replenishment. Repeated heating and 
cooling in the brick kilns were responsible for changing the soil texture of the JNU campus ( 
Mukherjee 19971). Multispectral and multitemporal data from SPOT, IRS- 1A, IRS- 1B and IRS -1C 
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satellites when integrated with land use, geological, geomorphological, hydrogeological and magnetic 
data, have potential for identifying suitable areas for constructing check dams. Check dams’ sites have 
been selected in the places with high spectral reflectance (low soil moisture) in satellite data. 
Interception of surface runoff by check dams across drainage at appropriate locations is one method 
for artificial recharge ( Map-1). 

In general J.N.U. area lacks sufficient surface water bodies and palaeochannels to sustain rich 
ecosystems. The very thin soil cover in this area does not support the use of dug wells. Groundwater 
occurrence is restricted to the deep-seated fracture zones. For the selection of artificial recharge areas, 
the radiance values of pixels in near-infrared region were studied. Due to high recharge the soil 
moisture as well as vegetation densities were low in the inferred check dam sites. Lineaments pass 
through the check dams, which were selected on the basis of their low spectral reflectance and low 
magnetic values over the weathered ferruginous quartzites. Low magnetic values were noticed in 
lineaments on ferruginous quartzite (Mukherjee 19972). Selection of check dams were based on the 
points inferred by magnetometer showing low magnetic values and interconnected lineaments (a 
magnetic survey was carried out around the J.N.U. campus in 1996 using the US instrument Proton 
Precession Magnetometer Geomatrix G-816/826 A).  

Groundwater levels had gone down in this area, but increased after the artificial recharge. Eco-
conservation in this campus is being restored by plantations of specific species in suitable area. 

1.9 Rainwater Utilization of Quake Disaster Area Rebuilding 
Programs in Taiwan 
Shih-Chi Lee, Min-Chaur Lin, Wen-Hong Chou, Jen-Chung Chen 
Researcher 
Energy & Resources Laboratories 
Industrial Research Institute 
Hsin-Chu 
Taiwan 
email: 830478@itri.org.tw 

Introduction 

Utilizing rainwater harvesting in schools brings two major benefits. The most direct and substantial 
benefit is the saving in water and electricity bills. The educational benefit is that students learn to 
appreciate water resources and make water saving a habit and contribute to its spreading. School 
reconstruction works in the disaster areas must be planned as a whole and it is compulsory to include a 
rainwater catchment system. This is in fact much easier than a reconstruction design of an existing 
building. All data must be accurately calculated and all measurements must be estimated by 
professionals in order for every rainwater catchment system to achieve its ultimate economic effect. 
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1.10 Use of Rainwater in Australian Urban Environments 
Ted Gardner, Peter Coombes, Richard Marks 
Department of Natural Resources and Mines 
Queensland, Australia 
email: Ted.Gardner@dnr.qld.gov.au 

Introduction 

Over the last decade the concept of Ecologically Sustainable Development (ESD) has become widely 
adopted by all levels of government in Australia. While there are a large number of rural initiatives, 
one of the more radical ESD innovations is Water Sensitive Urban Design (WSUD) in urban areas. 
These innovations include the integrated management of rainwater, stormwater, potable water and 
wastewater such that resource consumption is reduced and flooding is managed using natural 
hydraulic processes (Newman and Mouritz 1995). 

Clearly rainwater (rainfall which is directly collected as the roof runoff from buildings) and 
stormwater (rainfall which runs off all urban areas) have a major role to play in substituting and/or 
supplementing reticulated urban water supply from centralised water supply facilities. In this paper we 
describe initiatives in Australia which use rainwater and/or stormwater at three levels – individual 
house, cluster housing and suburban scale. 

POSTERS 

1.11 RWH as EST in Mysore Development 
Er Chidambar BS, Er Vallapu MadhuSudhan Rao, Suresha & Er Venkataramaiah 
Jagannatha 
# 816,Banu, E&F Block 
Kuvempunagar 
Mysore-570023 
India 
e-mail: chidambarbs@rediffmail.com 

Introduction 

The urban development of Mysore has a projected area of 150 Sq. Km. Mysore receives an average 
rainfall of 750mm per annum and has 170 rainy days. An estimated total rainfall of 135x109 litres per 
year has been calculated where 10% is runoff and 10% is evaporation and infiltration losses.  An 
estimated 295 litres per capita per day can be supplied in Mysore, if all the rainwater is used for 
Mysore domestic requirement.  

Further, Environmental Sound Technologies [ESTs] encompass technologies that have the potential 
for significantly improved environmental performances relative to other technologies 
(www.unep.or.jp/estdis/maestro/setup2.html). As a case study, the ineffective use of ESTs in Mysore 
urban development is reported (www.vishalcomputech.faithweb.com/mlan). Based on ESTs database 
and best practices else where, a home page of PSF. (www.psf.4t.com ) on RWH as an EST for urban 
development is proposed for local utilization at domestic, industries, and service sector.   
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1.12 Sizing of Rainwater Storage Tanks in Urban Zones 
M. A. Domínguez, Nikolai Serpokrylov 
Faculty of Engineering 
University of Queretaro 
Queretaro 
Mexico 
email: migueld@sunserver.uaq.mx 

C. Eric Schiller 
Faculty of Engineering 
University of Ottawa 
Ottawa 
Canada 

Abstract 

Rainwater harvesting systems have been used for centuries. In many developing countries, their use is 
essential because of the scarcity of water resources. In spite of the fact that most of this technology is 
focused mainly on rural zones, their use in urban zones is not only convenient but necessary, mainly in 
those regions where the conventional sources of supply are scarce, distant or exploited. In the urban 
areas, the use of large-scale roof rainwater harvesting offers a high potential for alleviating water 
constraints to the domestic demand; also, they can be cost effective. The objective of this work is to 
show, on one hand, that significant volumes from a rainwater harvesting system could be obtained if 
we use the roofs of large buildings in urban centers; on the other hand, a technical-economic analysis 
is done to evaluate the size of the rainwater storage. Under this approach, the temporal variability of 
the rainfall is considered by modeling the mass balance equation for the storage tank. The approach 
maximizes the water input and minimizes the construction costs of the cistern. This method is 
illustrated for an urban zone of the City of Queretaro, Mexico. 

1.13 Large-Scale Dry Sanitation Programs –Preliminary 
Observations and Recommendations from Urban Experiences 
in Mexico  
Ana Cordova 
Department of Natural Resources 
Cornell University, USA 
email: ac58@cornell.edu 

Introduction 

Dry sanitation is a modern adaptation of the ancient practice of managing excreta without the use of 
water, and therefore without sewage. It implies: a) waterless toilets; b) the on-site treatment of excreta; 
and c) the production of a safe and effective soil amendment. Its benefits include saving large 
quantities of water, reducing water pollution, reducing the volume of excreta, killing off pathogens, 
and retaining nutrients that can later be applied to agricultural crops.  

Dry sanitation has been implemented in rural areas of many countries and urban areas of some. Urban 
populations have different needs compared to rural settlements. Because of their high human 
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population density, urban areas require greater support infrastructure for the success of this 
technology.  

Large-scale dry sanitation programs have the potential to address a variety of problems that urban 
areas face today: increased needs for water supply; dwindling sources of water; lack of economic 
resources to adequately treat domestic wastewater; lack of resources to provide water and sanitation 
services to rapidly growing urban and peri-urban populations; and public health risks due to lack of 
adequate water and sanitation provision.  

Mexico has a large number of dry sanitation experiences, including some of the largest-scale urban 
experiences in the world. A study of the strengths and weaknesses of these experiences can provide 
insight on successful dry sanitation implementation, not only in Mexico, but in other countries as well. 
This document reports preliminary observations and recommendations based on 15 months of field 
research in 6 urban sites in Mexico. Research focused on program implementation opportunities and 
barriers. Programs varied with respect to their degree of continuity, user adoption, and strategies they 
had developed to address various aspects of program implementation.  

Many program weaknesses were due to inadequate planning and lack of understanding of the set of 
steps necessary to carry out a dry sanitation program. Most programs began operating with little or no 
information from other experiences, information that might have saved them precious time, effort and 
resources. This Report has been prepared to help practitioners who are designing or already 
implementing large-scale urban dry sanitation programs. It reviews some of the frequent pitfalls and 
makes recommendations that may lead to greater program effectiveness. 

2 RAINWATER CATCHMENT IN HUMID AND ARID 
REGIONS 

PAPERS 

2.1 Potential of Rainwater Cistern Systems for Bluefields, 
Nicaragua 
Don H. Waller, E. Armijos-Luna, R.S. Scott 
Centre for Water Resources Studies 
Dalhousie University 
Halifax 
Canada 
Email: donald.waller@dal.ca 

Introduction 

Bluefields, located on the east coast of Nicaragua, has a current population of approximately 38,000, 
which is expected to increase by the year 2024 to approximately 96,000. 

There are currently 5,340 dwellings and 249 other buildings in Bluefields; these 
numbers are estimated to increase to 18,900 dwellings and 630 other buildings by 
2024. 
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Current water sources are: 

• an unreliable public supply that serves about 7 percent (about 2,700 persons) of 
the population 

• shallow wells, of limited capacity and uncertain quality, that serve most of the 
population outside of the downtown core  

• private water vendors, who provide in the downtown core a drinking water 
supply that is considered to be reliable in terms of quantity and quality, but very 
expensive 

• collected rain water, which is used for cleaning and laundry by an estimated 20 
percent of the population (about 7,600 persons), but only a small percentage of 
this use (in larger dwellings, schools, hotels) is in buildings that have gutters 
and rainwater storage.  

There are no known examples of use of rainwater as a potable supply in Bluefields. 

2.2 Water for Bukora and Ndego:Water Security Issues in 
Rwandan Resettlement Villages 
Hans Hartung and Caritas Mukankusi 
fakt 
Stuttgart 
Germany 
email: hfhartung@cs.com 

Introduction 

Following cessation of the war in Rwanda and the genocide in 1994, providing shelter for returnees 
was a top priority. New land areas with limited water resources had to be used for the resettlement 
schemes of refugees coming back from neighbouring countries. In this paper we are concerned with 2 
resettlement areas near Rusoma on the border to Tanzania: 

• Bukora, with a total of 1.500 households. So far 369 houses have been equipped with 
rainwater harvesting systems. 

• Ndego resettlement area has 1349 households, out of which 988 have rainwater harvesting 
systems. 

All in all we have 1.357 households with a rainwater harvesting system of about 3.000 households in 
total 
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2.3 Securing Domestic Water Supplies for Rural Bangladesh 
Through Combined Systems 
Karl Wehrle 
SKAT 
Vadianstr. 42, CH-9000 
St.Gallen 
Switzerland 
e.mail:karl.wehrle@skat.ch 

Introduction 

Despite having access to abundant rainfall (albeit seasonal), readily accessible groundwater and large 
river systems, many households do not have access to an adequate supply of potable drinking water in 
today's Bangladesh. 

Water that is clean, clear, with chemical and bacteriological qualities recognised by WHO as being 
suitable for human consumption is frequently unavailable. Historically these serious and widespread 
shortages can be attributed to high population growth rates and densities, combined with low 
disposable household incomes. 

In concerted attempts to address this situation, sustained efforts to exploit groundwater were initiated 
in the early 1970s with the help of international support. By the mid-90s, groundwater reserves were 
made accessible on a nation-wide scale through the widespread provision of handpumps and tube 
wells.  

However, in 1993 the discovery of naturally occurring arsenic in some aquifers began to emerge. By 
1996, the extent of the problem became apparent: approximately 20 million persons were now 
consuming drinking water with arsenic levels above the WHO guideline value of 0.01mg/litre. 

In the light of this water quality crisis, various stakeholders have initiated arsenic mitigation measures 
in different ways. In this context suitably harvested rainwater represents an acceptable alternative to 
overcome and supplement the scarce and over-stressed potable water supply situation.  

In some regions where families and communities are experiencing severe water shortages, collected 
rainwater may even represent the only source for potable drinking water. 

2.4 Post-evaluation of a Rainwater Harvesting Project 
Sha Lusheng, Li Huilong, Wang Yongsheng, Zhang Hongtao 
Yangzhou University 
China 
email: shuijk@yzu.edu.cn 

Introduction 

Because of aridity, the loess plateau in northwest China, the massif areas in north China, the karst 
mountain areas in southwest China as well as China’s coastal areas are lacking water resources. The 
total water-deficient area is about 2 million km2 with a population of 260 million. The cultivated land 
encompasses 26 million ha and 34.2 million people are short of drinking water. 
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As a small-size water conservancy installation, rainwater storage and harvesting facilities are a simple, 
low-cost and effective way to solve the water problem. It is evident that the development of such 
facilities is important for people living in water-deficient areas. to improve their production and living 
conditions. 

Rainwater utilization has a long history in China and since the 1980s it has been developed rapidly all 
over the country. According to incomplete figures, more than 4.64 million small and mini-sized 
rainwater storage facilities, including various cisterns and ponds, have been built. Every year 1.35 
billion m3 rainwater were stored, providing potable water for nearly 24 million people and 17 million 
livestock. At the same time more than 1.5 million ha farmland has been brought under irrigation. The 
benefit is remarkable. 

This evaluation will be carried out looking at the rainwater harvesting facilities and their influence on 
solving the shortage of drinking water in the countryside. We also want to point out the success of the 
project: promoting the local economy and social development, as well as taking a look at the existing 
problems, thus providing an objective and scientific basis for a demand analysis and a plan for future 
projects. 

2.5 Value of Rainwater for Domestic Use in the Uphill Settlements 
in Sri Lanka 
M.M.M. Aheeyar 
Hector Kobbekaduwa Agrarian Research and Training Institute 
Colombo 
Sri Lanka 
email: hartiiar@sltnet.lk 

Introduction 

Although Sri Lanka’s climate is in the Monsoon zone and therefore with ample water resource in its 
wet zones, recent studies show that there are wide temporal and spatial variations of water availability 
and demand. If the current trend of water use efficiency continues, there will be a severe scarcity of 
water in several districts of the country in the near future (Amarasinghe et. al, 1999). In addition, 43% 
percent of rural population are deprived of safe water for drinking purpose (UNDP, 2000). Scarcity in 
water availability will be more aggravated with the economic development and implementation of free 
market policies, where demand for water for industries and domestic use will increase. Therefore the 
envisaged water crisis will be a significant constraint for the country’s socio-economic development. 

The community Water Supply and Sanitation Project (CWSSP) was an innovative project started in 
1993 and aiming to establish an alternative system of water supply and sanitation delivery in rural Sri 
Lanka. The project was implemented based on the needs and aspirations of the people though 
community initiated projects. The project mainly used the following technologies to achieve domestic 
water security at household level. These include, Gravity Water Supply Systems, shallow dug wells, 
hand pumps/bore holes and pumped pipe systems. However, these conventional technologies were not 
suitable to supply safe water for the communities living in uphill settlements. In hilly areas the ground 
water table is very deep and most springs and wells dry out quickly during the dry season. In addition 
to the uphill areas, some places in the dry zone of Sri Lanka also have water problems for domestic 
use, particularly those areas where groundwater sources are not reliable throughout the year and the 
available water has problems of salinity, hardness and high concentration of other elements. 
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A technology for systematic rainwater harvesting (RWH) was proposed and successfully implemented 
in the uphill areas and dry zone of Sri Lanka by CWSSP with community participation and 
contribution. The difficulties and time involved in fetching water, uncertainty in available water, 
rising costs in water fetching and low quality of available water sources provided a greater incentive 
to beneficiaries to adopt rainwater harvesting technology. The main components of the rainwater 
harvesting systems are catchment surface for water collection (mainly domestic roof), gutter system 
for water delivery and a tank for water storage. Although Sri Lanka is a country with an annual 
average annual rainfall of nearly 2000mm, spatial and temporal variations in rainfall make it necessary 
to adopt a technology for systematic collection of rainwater.  

2.6 Rainwater Harvesting with Subsurface and Sand Dams 
Mesfin Shenkut 
Ethiopia 
email: ayeu-shashe@telecom.net.et  

Introduction 

Ethiopia has a yearly surface water potential of 110 billion cubic meter coupled with an estimated 
groundwater resource of over 2.6 billion cubic meter. One way or another these water resources are 
derived from a yearly rainfall. The great diversity in geography associated with high rugged 
mountains, flat topped plateaus, deep gorges and the extreme variation in altitude ranging from an area 
of below sea level to peaks reaching over 4,500 meters result with high variation in annual rainfall 
ranging between 200 to 2000 mm per year. 

The present coverage of water supply of the country is about 17%. Given the current population of 
about 60 million accompanied by annual growth rate of over 3% with incompatible economic 
development, it is unlikely that substantial improvement in the water supply coverage will be attained 
within a foreseeable future.  

Even though rainwater harvesting ranks high on the priority list as a cheap possibility to alleviate the 
severe drinking water shortage, roof water catchment is not popular in the country, particularly in the 
rural areas, since the vast majority of the residential houses have thatched roofs, not suitable for 
rainwater collection, and the high costs of the water storage facilities.  

Ponds are the most prevalent means of rainwater harvesting in rural areas of Ethiopia. In the Gambella 
region for instance, over 30% of the water supply for drinking purpose comes from ponds. They are 
also very common in the arid and semiarid parts of the country where alternative water sources are not 
available. These ponds are planned, constructed and managed by the communities.  

Besides its high turbidity and bacteriological load, the water stored in the ponds is not available all 
year round due to water loss through seepage, sediment deposit and evaporation. Apart from natural 
self-purification, the ponds do not have any sort of water treatment facilities and improved water 
abstraction mechanisms. Due to the unsanitary situation around the ponds, they create conducive 
breeding areas for mosquitoes as well as for spreading of water borne diseases.  
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2.7 Rainwater Modeling in Arid Regions (A Case Study in the 
North of Tunisia) 
Noureddine Gaaloul and J. Aurouze 
National Research Institute for Rural Engineering Water and Forestry (I.N.R.G.R.E.F) 
Rue Hédi Karray B.P.10-2080  
Ariana 
Tunisia 
email: gaaloul.noureddine@iresa.agrinet.tn 

Introduction 

The art and science of hydrological modeling has been replete with computer programs, which will 
help solve certain classes of hydrologic problems. Hydrological models have been in existence for a 
long time. However, with the advent of the digital computer, methods in water resources modeling 
became highly sophisticated and in turn were accompanied by a proliferation in complex terminology. 
In fact, hydrology, which was developed before the introduction of technologies allowing for the 
collection and processing of spatial information, is poorly adapted to the efficient use of the full 
potential or remote sensing and GIS. The empirical methods development for the estimation of peak 
(flood) discharge and annual contributions, barely use spatially distributed information, and generally 
only in a statistical form. A significant work of development of new hydrological methods was 
developed to evaluate and calculate the hydrological assessment on a catchment area.  

2.8 Rainwater Harvesting for Drought Proofing 
Preeti Misra 
Self Employed Women's Association – SEWA 
Ahmedabad 
India 
email: bdmsa@ad1.vsnl.net.in 

Abstract 

Women are trying to fight the severe water scarcity in the dry desert region of Gujarat, which is 
experiencing the third consecutive and worst drought year and has also been affected by a devastating 
earthquake. One of the campaign’s major outcomes was the construction of almost 200 household and 
about 70 community level roof rainwater harvesting structures in the districts of Kutch, Banaskantha 
and Surendranagar. The women’s ingenuity led to the development of area-specific tank designs. 
According to the geographical terrain, the design and material used in the tanks of each district varies. 

Roof rainwater harvesting tanks are meant to harvest all the water that flows from the rooftop of each 
house in water tanks. This method is a re-introduction of traditional ways of harvesting water in the 
villages but improvised through technical methods. These tanks are an important resource for 
collecting water during monsoons at an individual/ household and community levels and maintaining 
it through proper chlorinating process. Depending on the size of the household, tanks with various 
capacities were constructed. The tanks provide drinking water for at least 6 to 8 months.  
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2.9 Multiple Sourcing and Water Security 
Rajindra de S. Ariyabandu 
Irrigation Water Management and Agrarian Relations/ HARTI 
Sri Lanka 
Email: hartiiar@sltnet.lk 

Introduction 

Having plentiful water does not necessarily mean that water needs are satisfied. In a tropical country 
like Sri Lanka, where the annual average rainfall is approximately 2400mm, wide spatial and temporal 
variations deny adequate water distribution to approximately 40% of the people living in the rural 
areas. Sri Lanka receives a typical bimodal pattern of rainfall with two distinct peaks in April and 
November. The Northwestern arid zone with less than 800mm of rainfall coupled with saline ground 
water compounds the problem of water availability for household use. In contrast, the Central wet 
zone receives more than 5000mm of rainfall, but geographical location of most settlements hinders 
access to household water in required quantities at times of need. Hence, settlers in both these areas 
have to look for other alternatives to satisfy their household water requirement. Use of multiple 
sources of water is one option often practiced by most rural people to satisfy their water requirement. 
However, uses of multiple sources of water incur considerable opportunity cost of time. Introduction 
of institutionalized rainwater harvesting has been the latest addition to the list of multiple sources used 
by the rural poor in Sri Lanka. 

This paper attempts to highlight the practices of using multiple sources of water to satisfy household 
water security in two communities in the Northwestern and Southeastern arid zone and Central 
highlands. Use of multiple sources of water in the former case is mainly due to scarcity of good 
quality water, while in the later case hilly terrain and settlement locations deny access to adequate 
water at household level.  

2.10 Promotion of Rainwater Jars Through Informed Choice (A 
Laos Case Study) 
Soutsakhone Chanthaphone 
Deputy Director 
National Center for Environmental Health and Water Supply 
email: slahiri@worldbank.org or soutch@laotel.com 

Introduction 

About 85 % of Laos’ 5 million people live in the countryside. The National Center for Water Supply 
and Environmental Health (Nam Saat) in the Ministry of Health is responsible for rural water supply 
and sanitation. The provision of water supply and sanitation services in a sustainable manner to the 
rural population living in remote parts of the country under difficult socio-economic conditions 
remains a major challenge. 

Nam Saat initiated the development of the national Rural Water Supply and Sanitation (RWSS) Sector 
Strategy in 1994, using a Lao-led, step-by-step, participatory process. The national RWSS Sector 
Strategy and the Guideline National Framework was launched in November 1997. With assistance 
from its supporting partners UNICEF and World Bank Water and Sanitation Program – East Asia and 



Proceedings of the Tenth International Rainwater Catchment Systems Conference: Abstracts 

Pacific (WSP-EAP), Nam Saat started the application of the Strategy through the implementation of a 
number of pilot projects supported by Sida, the World Bank, JICA and various NGOs.  

The main objective of these pilot projects was to ensure a smooth transition from past practices/ 
approaches to more community focused, demand driven and sustainable intervention, with a special 
focus on the capacity development of Nam Saat staff at all levels. 

2.11 Roofwater Catchment for the Rural Poor 
Terry Thomas and Dai Rees 
Development Technology Unit 
Warwick University 
UK 
email: dtu@eng.warwick.ac.uk 

Introduction 

This paper concerns the use of domestic roofwater to supply households in the rural areas of low-
income countries. It focuses on communities where rainfall is sufficient, roofing is suitable for 
domestic roofwater harvesting (henceforth DRWH), and where existing point water sources are so 
widely spaced that fetching water from them is a considerable household burden. The paper is 
illustrated by data from East African areas where these conditions apply and where incidentally a very 
complete evaluation of rural water economics was made in the mid 70s (White, Bradley, & White, 
1972 – which showed the over 10:1 increase in per capita consumption that can occur when 
convenient piped water replaced fetched water). 

The primary benefit of DRWH in the scenario we are addressing is the time-saving, or more rarely 
money-saving, obtained by reducing the fetching of water. A secondary benefit is the increase in water 
consumption that follows any reduction in marginal water costs. The situation has a strong seasonal 
aspect, since in the dry season the cost of water from point sources rises, due to the failure of more 
local sources and increases in queuing times, while the yield of DRWH systems falls. There are 
consequent changes in water consumption. 

The main design choices in DRWH concern the size and type of tank used, the area of roof guttered, 
the water-management strategy and any phasing of construction. This paper addresses these options 
mainly from an economic standpoint, using a mixture of field data collected in 2000 and modelling. It 
is based on activities undertaken under two 4-partner DRWH research programmes (one EU-funded 
and the other DFID-funded) and under a smaller programme funded by the Laing Trust and by 
Warwick University. The support of these sponsors is gratefully acknowledged. Further details may be 
found in Rees & Thomas 2000, DTU website & RHRG website. 
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POSTERS 

2.12 Potentials of Rainwater in a Southwestern Nigerian 
Community 
A. O. Coker 
Department of Civil Engineering 
University of Ibadan 
email: uchmed@skannet.com.ng 

Introduction 

The great importance of water to sustaining life on earth cannot be over-emphasised. In many South 
Western Nigerian communities, three main sources of water – surface water, ground water and 
rainwater are usually available. However availability is one thing, usability is another. In the case 
study – Akufo, a village of about 2000 inhabitants located on longitude 30 491E and latitude 70 311N in 
South Western Nigeria, the rainwater source has particularly lent herself to ready exploitation. Many 
of the community ’s streams are highly polluted and disease-causing. Rainwater was thus a viable 
option considered in the design of a water supply scheme for the community (Coker, 1999). Ostroot 
and Ramos (1972) had asserted that rainwater can constitute a veritable source of potable water if it 
could be hygienically harvested and stored. Similarly, a study on small community water supply in 
Europe, Asia and Africa by Huisman et al (1981) confirmed the increasing resort to rainwater for 
potable use on a global level. This paper, further illustrated with a poster, presents the tremendous 
potential usage of rainwater in a typical Nigerian rural community. 

2.13 Promoting Rainwater Utilisation in Oruchinga, Uganda 
Charles Rwabambari 
ACORD 
Uganda 
email: acordug@uol.co.ug 

Abstract: 

There are enormous latent potential possibilities for rainwater catchment in rural settings of Uganda 
and elsewhere in the world, which have not been exploited. 

Water is increasingly becoming scarce both in quality and quantity in most low-income communities 
in the face of increasing population. Only 17.3% of the local population of Oruchinga valley has 
access to clean and safe water. This situation needs to be checked otherwise efforts to poverty 
eradication and improvement of standard of living of people in low-income communities will not 
achieve the desired goal. Women and children will continue to be victims of this circumstance. 

This paper puts forward a case how ACORD has supported a rainwater development programme in 
Oruchinga valley in Mbarara District in south-western Uganda. 

Methodology shift to household rainwater harvesting has created better access to potable, clean and 
safe water. Water is slowly becoming increasingly available for domestic use and agricultural 
production purposes. 
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This resulted from a SMART partnership of good collaboration between needy women groups, 
ACORD - Uganda, FAKT (Consult for Management, Training and Technologies) and Bread for the 
World (BftW) of Germany. The funding of rainwater harvesting and sanitation pilot project in 
Oruchinga valley by BftW has created a competitive and enthusiastic atmosphere among the groups 
undertaking the project. 

More savings groups for rainwater harvesting and utilisation have emerged and are running their min-
water harvesting projects on the rotational basis.  

Benefits by participating women groups are manifold in terms of decreasing women and children 
labour, saving time and energy, increasing agricultural production and household hygiene and 
sanitation. 

Lessons learnt from this pilot project indicate that, there is need to re-examine the current approaches 
in order to reach many poor unreachable. Addressing peoples felt needs; demands involving them 
throughout the process of project preparation, decision-making, technology choice, implementation 
and monitoring and evaluation. This is a core pre-condition to sustainability, replicability and 
increased management. Subsidies to these rainwater-harvesting groups have a positive role to play. 

The donor community needs to flexibly and positively support household rainwater promotion and 
utilisation to achieve the World Health Organisation (WHO) global objective “water for all” where the 
poorest of the poor will benefit. 

2.14 Rainwater Harvesting Techniques for Rural Houses 
Daudi Makamba 
WaterAid Tanzania 
Kiteto programme 
Tanzania 
email: kinnapa-dp@habari.co.tz 

Abstract 

Kiteto District Arusha region is one of the semi – arid and arid areas in Tanzania. WaterAid (UK, 
NGO)Tanzania, Kiteto programme has been working in this area since 1997 to improve rural water 
supply, hygiene promotion and sanitation. WaterAid Kiteto programme is working together with local 
NGO known KINNAPA and Kiteto District Council (KDC) under tripartite partnership. 

Currently, this WaterAid /KINNAPA /KDC programme is implementing six borehole schemes. The 
big challenge that the programme faces is to locate the borehole sites. According to the 
hydrogeological studies it was noted that water is found in fault and not in sand aquifers which is very 
difficult to locate them. Also their recharge is minimal due to little amount of rainfall in a year 
(400mm – 600mm). Even the cost is high compared to the rural communities’ income especially, 
when considering the issue of operation and maintenance costs. 

Therefore the programme started to opt to other alternative technologies for water sources such as 
improvement of traditional wells and harvesting rainwater. The rainwater harvesting technologies 
include sand dams, small dams, underground tanks and roof catchment for domestic uses. Responding 
to this it is planned to conduct training to the mobilization team regarding the rainwater harvesting 
technologies. Thus the paper wrote by the Project Engineer WaterAid Kiteto is aimed to build the 
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capacity of the TUWI team to disseminate Rainwater harvesting technologies particularly for roof 
catchment (starting with Ndaleta village). 

2.15 Opportunities for Water Management in Arid and Semiarid 
Zones of Mexico 
Dietmar Rössel and H. Ortiz-Laurel  
Regional Centre for the Study of Arid and Semiarid Zones 
Postgraduate College 
Salinas de HGO. 
Mexico 
email: edietmar@colpos.colpos.mx 

Introduction 

Two thirds of Mexican territory is arid and semiarid, where crop production is seriously 
affected by the quantity of available water.  In order to obtain the biggest amount of dry 
matter for the same amount of water, under dryland conditions of Mexico, several technical 
possibilities were tested to increase the available water to the ground level. 

2.16 Cost-effective Dimensioning of Artificial Rainwater Harvesting 
Storage Systems 
D. Walther and K. Thanasekaran 
GTZ Chennai 
Centre for Environmental Studies 
Anna University 
Chennai-25 
India 
email: gtz_ces@vsnl.com 

Abstract 

The existence of water harvesting systems in India have a long history like gardabands in 
Baluchistan, kundis in the Thar desert of Rajasthan or the temple tanks in Southern India. Although a 
wide range of experience is available the development of the society makes it necessary to revise these 
systems according the new requirements. Beyond any doubt the cost-effectiveness plays nowadays an 
important role and has to be considered as one of the factors for rainwater harvesting systems 
dimensioning [1]. 

The use of artificial storage facilities within a rainwater harvesting system (RHS) requires exact 
calculations regarding their storage capacity depending on its intensive costs. Annual amounts of 
rainfall have to be statistically evaluated to estimate the probability of maximal rainfalls as well as 
long dry periods. The size of the artificial storage is to be chosen either by collecting the maximum of 
rainwater or to adjust it according the requirements of the user. 

This approach lacks a practical use in subtropical countries and includes a high risk factor for the 
consumer’s supply due to the complicated rain patterns. The variation of amount of rainfall and 
rainfall intensities in the range of several 100 % and unpredictable time range for droughts 
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complicates approaches for a consumer friendly cost-benefits. In comparison to moderate climates 
artificial storage systems have to be considered as buffer capacities for droughts. 

An approach based on statistical tools like probability of rainfall, return periods, storage equation shall 
make it possible to dimension a rainwater harvesting system which are more cost-effective. 

2.17 Economic Analysis of Rainwater Harvesting for Agricultural 
Production in Selected Semiarid Areas of Tanzania 
Ephraim Senkondo, A.S.K. Msangi, P. Xavery, E.A. Lazaro, N. Hatibu 
Soil Water Management Research Group 
Sokoine University of Agriculture 
P. O. Box 3007 
Morogoro 
Tanzania 
email: senkondo@suanet.ac.tz 

Introduction 

The most important characteristics of semi-arid areas are the factors, which limit availability of soil 
moisture for plant growth. In addition, the occurrence of dry spells during the growing season is a 
critical problem to plant growth. The focus on Semi-arid areas is important in Tanzania because of 
over dependence on agriculture in low rainfall areas, poverty problems and high number of livestock. 
Rainwater harvesting (abbreviated as RWH) is justified in semi-arid area. 

In the semi-arid areas RWH has become important for agricultural production. The most commonly 
used practices involve the diversion of flood flows from gullies into crop fields and reservoirs. Two 
main crops, rice and maize are produced in semi-arid areas using RWH techniques. It is estimated that 
more than 54% of paddy rice produced in Tanzania is cultivated in the semi-arid areas of Shinyanga 
and Mwanza. In these areas water is the scarcest resource followed by labour, good land for 
cultivation and financial capital. 

The poster demonstrates the economic viability of RWH for crop production in semi arid areas. The 
introductory part gives pictorial and graphic presentation of the area of Tanzania, the proportion of 
that which is semi-arid, current use of RWH and the existing potential for expansion.  

2.18 Rainwater Harvesting in Grand Turk 
Fernando Pérez Monteagudo 
Center for Hydraulic Research 
Havana 
Cuba 
email: fperezm@hotmail.com 

Introduction 

Grand Turk, the capital of Turks and Caicos Islands, with an area of about 18 km2, is a “very small” 
island. This is the factor that determines the complexity of its water resources management. 
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It is obvious that sustainability must be the goal of water management in small islands and for this the 
principles for improving water management endorsed at conferences on water and the environment in 
Dublin and Rio de Janeiro (GWP, 1998) must be taken into account. 

In Grand Turk rainwater is the main source of water supply and is widely developed at the household 
and community level. It is one of the treasures in water management in the island that is being 
carefully preserved (Pérez Monteagudo et al, 2000a). 

Almost all buildings and houses have their own rainfall collection system composed by roof 
catchments, gutters and cisterns. A roof frequently also covers these cisterns for catchment purposes. 

2.19 Rainwater Harvesting for Survival and Development 
James Mwami 
Busoga Trust 
P.O. Box 232 
Luwero 
Uganda 
email: LuweroProject@maf.org 

Introduction 

The “Integrated Pastoral Development Project (IPDP) Mbarara” aims at enabling 900 settler families 
to sustainably satisfy their basic needs from their own resources within 6 years. The Mbarara Local 
Government (MLG) and “Gesellschaft fur Technische Zusammenarbeit (GTZ)” are in charge of 
project implementation from the Ugandan and German side respectively. 

The ultimate objective for the implementation of watershed management measures during the 3 phases 
of the project, is to have settled communities with sufficient water for both production (livestock use) 
and domestic use. This objective was achieved using a gender sensitive, participatory extension 
concept. 

2.20 Rainwater as a Supplementary Source of Water Supply in 
Nigeria 
Joseph A. Adelegan 
Department of Civil Engineering 
University of Ibadan 
Nigeria 
e-mail: jadeleg@skannet.com 

Abstract 

Over the years, the Federal Government of Nigeria has made appreciable investments towards 
development and management of water supply using large centralised and conventional water supply 
systems. For certain reasons, the demand for safe drinking water service continues to overwhelm the 
delivery. Though for centuries, people across Nigerian urban and rural areas have harvested rainwater 
for household, livestock and agricultural uses but lack of promotion had limited its wide acceptance 
especially in urban centres. The study looks into rainwater availability, rainwater catchment, storage 
tank capacity and rainwater quality. 
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Major data used for the work include an average of 35 years rainfall pattern based on yearly rainfall 
intensity for 18 Nigerian cities and major towns obtained from Nigerian Meteorological Centre 
records. The variations and distribution of rainfall in the cities and towns studied were plotted. 
Permanent roofs for rainwater harvesting were also assessed. Moreover, the issue of rainwater quality 
was also considered. 

It appears that the average yearly rainfall in Nigeria during the period examined varied from 1070mm 
to 2400mm, that is, 1.07 to 2.40m3 of rainwater was available per m2 of catchment area each year for 
the development of a rainwater based water supply system. A study of suitable permanent roofs for 
rainwater harvesting shows that over 75% of urban households and about 20% of rural households 
have suitable roofs. 

A rainwater availability mass curve and cumulative consumption / demand of total rainwater revealed 
a shortfall of 0.32m3 in the dry periods and an excess of 0.22 m3 during rainy season. Hence, for full 
utilisation of rainwater potential, a storage tank capacity of 0.54 m3, that is 33% of the cumulative 
rainwater is required for an uninterrupted water supply at a constant rate during the year. 

2.21 Introduction of Rainwater Harvesting Technology in a Rural 
Community in Nigeria 
Kazanka Comfort 
Fantsuam Foundation 
Nigeria 
email: fantsuamfoundation@fantsuam.com 

The annual drought in the northern parts of Nigeria has been accepted as inevitable, and rural 
communities are generally resigned to their fate in this season because they belie there is nothing that 
can be done about it. The brunt of the drought is borne by women and children who have to make 
dawn trips to the nearest river in search of water for domestic use because the wells and near-by 
streams have gone dry.  

The introduction of Rainwater Harvesting in one of the communities where Fantsuam Foundation 
serves was greeted with surprise - the whole scheme seems so logical we all wondered why we had 
never thought of it before. After the novelty of the idea has become more generally accepted and 
widely discussed, the technical details needed to be understood and put to work. Financing the cost of 
materials and labour required for the water storage became a challenge for the community. This poster 
presents the outcome of the innovative use of microcredit loan to the community for financing a pilot 
project for harvesting rainwater 
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2.22 Rainwater Harvesting Technologies Practiced in Zambia 
Maimbo Mabanga Malesu and George Phiri 
ZARHA 
Lusaka 
Zambia 
email: malesumm@hotmail.com 

Introduction 

Though Zambia receives an annual average rainfall of 1,000 mm, 30% of the rural population and 
67% of the urban population have no access to adequate clean drinking water (Study of the water 
Supply and Sanitation sector, 1991).  This has substantially lowered the standard of life for many 
people.  High mortality and morbidity due to diarrhea diseases and parasitic infections are particularly 
critical in many densely populated squatter compounds and rural areas. 

Rainwater harvesting technology, as a rural water supply option for households where other water 
supply options are not technically and financially feasible, has recently been introduced in Zambia.  
Demonstration structures are being constructed, and agricultural extension workers and farmers being 
trained. 

This poster presentation illustrates the current traditional and modern rainwater harvesting 
technologies practiced both in rural and urban areas of Zambia. 

2.23 Rainfall Harvesting From Pretreated Catchment Areas 
Majed Abu-Zreig 
Dept. of Agricultural Engineering & Technology 
Jordan University of Science and Technology 
P. O. Box 3030 
Irbid 
Jordan 
email: majed@just.edu.jo 

Abstract 

Rainfall harvesting from roofs and backyards has been practiced in Jordan for many years. However, 
this practiced has been decreases due to limited rainfall and spread of public water supply system. 
Rainfall can be captured from building roofs, courtyards and playground areas. Collected water is 
stored in underground storage tanks and cisterns. In a larger scale, rainfall harvesting can be achieved 
using pre-treated catchment and micro catchment areas to increase the efficiency of runoff and 
maximize the amount of collected rainfall. The objective of this research is to quantify the efficiency 
of various surface treatment methods and its effect on rainfall collection. 

A laboratory experiment was conducted to estimate the runoff efficiency using four surface treatment 
methods, two-rainfall intensities, two-rainfall duration and two soils. Surface treatments were, wax 
treatment, plastic cover and compaction plus a control. The two soils used in the experiments were 
sand and loam soil. Results indicated that soil compaction had the highest runoff efficiency followed 
by plastic cover, wax treatment and natural soil. The runoff efficiency of sandy soil with rainfall 
intensity of 3 mm/min and 10 min duration rainfall for compaction, plastic cover, wax treatment, and 
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natural soil were 79, 64, 45, and 20%, respectively. The corresponding efficiencies for clay soils were 
82, 71, 74, and 65%, respectively. It has been concluded that little physical treatment of soil surface 
such as compaction can enhance rainfall collection form backyard and natural playgrounds and helps 
in increasing water supply in rural areas. 

2.24 Rainwater Catchment Systems in Latin America 
Manuel Anaya-Garduño 
Graduate College 
Montecillo 
Mexico 
email: anayam@colpos.colpos.mx 

Introduction  

At present time, there are available many alternative technologies for freshwater augmentation and 
soil conservation in Latin America and the Caribbean, many of them generated by Inca, Maya, and 
Aztec cultures, it is necessary to rescue them and combine them , when it is possible, with modern 
knowledge in order to establish technological options for all diverse social, cultural and economical 
conditions. Most critical global issues in arid and semiarid areas are reversing desertification, 
preventing soil erosion and increasing production. Rainwater catchment systems mean a 
reinterpretation of ancient techniques developed in the Middle East and America but forgotten by 
modern science and technology. 

Rainwater catchment systems (RWCS) for water resources development, desertification control, flood 
water harvesting, recharge of aquifers, recreation and sustainable agriculture, represent efficient 
technologies for sustainable development. However, there is an urgent need for promoting massively 
RWCS as real alternatives to solve severe problems of water scarcity and soil conservation. Rainwater 
provides water for drinking, domestic, recreative, industrial and agricultural purposes. Water crisis 
and land degradation are problems of management which have social, economical, and ecological 
impacts. 

These technologies should be widely used; however, only few countries are paying attention to them, 
they are the following: U.S. Virgin Islands, Honduras, Costa Rica, ,Guatemala, El Salvador, 
Nicaragua, Argentina, Brazil, The Turks and Caicos Islands, Bahamas, Chile, Venezuela, Jamaica, 
Colombia, Dominican Republic and Mexico. This paper describes some of RWCS in the region used 
for domestic and agricultural purposes, they include water collection from rooftops, soil conservation, 
runoff management and „in situ“ catchment for agriculture purposes. In those countries where the 
government has established subsidies, community participation is high because these technologies are 
well accepted, because they are inexpensive and effective; however, there are serious economical and 
social challenges to solve in order to use RWCS in a massive way, mainly in isolated and poor 
communities so, It is urgent to develop and apply an integrated water resources management program 
to stop the chronic and growing water crisis which will provoke wars if adequate measurements are 
not taken by the governments in this region. Water and soil management represent strategies to 
prevent and combat land degradation in the region. 
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2.25 Rainwater Harvesting in Nigeria: Prospects and Problems 
M. K. C. Sridhar, A. O. Coker and S. A. Adegbuyi 
Division of Environmental Health 
College of Medicine 
Nigeria 
email: mkcsridhar@skannet.com 

Introduction 

Rain water harvesting has become a world wide practice to meet the increasing demand for fresh 
water. In Nigeria it is widely practiced mostly in the southern part as the rainfall is widespread for 
over 8 months in a year with mean intensity of 180 to 225 cm.  Rain water harvesting is practiced at 
individual level, household level, community level and occasionally at Local or State government 
level to augment the dwindling water supplies to urban centers. This study describes the magnitude of 
rain water harvesting in selected communities in peri-urban areas obtained from a house to house 
survey, their behavioural practices in harvesting, storage and usage of the rain water, the quality of 
such waters and design of a sustainable system in one of the study areas.   

2.26 A Methodology to Tackle the Growing Scarcity of Domestic 
Water Supplies in India 
Mylaram Narayana Swamy (MyNa Swamy) and R. Jagadiswara Rao 
Sri Venkateswara University 
Tirupati 
AP 517502 
India 
email: rjr@vsnl.com 

Introduction 

Artificial recharge of groundwater and rainwater harvesting are two diametrically opposite methods of 
effective utilisation of rainwater. Groundwater recharging aims at suppressing surface runoff and 
evapotranspiration to maximise infiltration for making as much rainwater as possible to become 
groundwater. Rainwater harvesting on the other hand aims at suppressing infiltration and 
evapotranspiration to maximise surface runoff for storing as much rainwater as possible in natural or 
artificial containers for some direct use. The overlap between the two terms arises from the practice of 
using the water that overflows from the container used in rainwater harvesting for recharging 
groundwater. 



Proceedings of the Tenth International Rainwater Catchment Systems Conference: Abstracts 

2.27 Rainwater Harvesting for the Poor - Project Management 
Sebastian Haury 
Germany 
email: Sebastian.Haury@sick.de 

Introduction 

Some of the results of the 9th Rainwater Conference in Petrolina, Brazil (1997) and other studies in 
relation to project management for Rainwater Catchment Systems have been: 

• Participation of the beneficiaries from the beginning is essential 

• Top-down management usually does not work out 

• The applied technique ought to be accessible to the participants of the project 

• There is a necessity of affordable Rainwater Catchment Systems for the poor 

Learning from past experiences this paper aims to demonstrate the possibility and the outcomes of 
realising these calls for application of accessible technology, community 
participation/management, and affordability. Basis for this case study is the author’s experience 
with a project for the construction of cisterns in Northeast-Brazil.  

2.28 Rainwater Utilization in the Coastal Area of Southeast China 
Yi Yongqing 
Yuyao Municipal Bureau of water Resources 
Yuyao City 315400 
China 
email: qzh@zgb.com.cn 

Abstract 

In the coastal area of Southeast China, owing to the uneven distribution of rainfall and the high 
population density as well as the pollution of surface and groundwater, the exploitable water resources 
per capita is low and the seasonal water shortage occurred frequently. Effective rainwater utilization 
has been taken seriously. The paper gives an introduction to the rainwater utilization in the rural area 
of Yuyao municipality. 

1. Effective use of rainwater in the paddy area: The irrigation technique for paddy land with shallow 
submersion and without submersion. Because the surface runoff, under ground seepage loss and 
evapo-transpiration were reduced, the rainwater utilization efficiency was raised. The irrigation water 
amount and the consumed energy were reduced by 2000~5000 m3 and 90~220 kWh per hectare, 
respectively while the yield of paddy was increased by 350~750 kg per hectare. 

2. Rainwater utilization in the dry farming land 

In the Xiaolu village, the rainwater harvesting and irrigation project has been built from 1999 to 2000. 
In the 100 ha cultivated land, 100 km long ditch for storing rainwater was excavated with storage 
capacity of 27000~40000 m3. The water source is reliable and the quality is very good. The sprinkler 
and drip system was built to irrigate the vegetables and fruit trees, of which the products are with no 
pollution and well known as “green food”. 
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2.29 Rooftop Rainwater Harvesting Systems in the Tropics: Two 
Case Studies 
Yves M. Lamour and Donatus Igbojionu 
Postfach 110863 
76058 Karlsruhe 
 Germany 
email: ymlamour@web.de  

Abstract 

In the realisation of water resources projects, development experts and engineers (who frequently 
carry out feasibility studies) generally give the preference to centralised systems and focus their 
attention on technical aspects. Yet, technologies used in conventional/centralised water supply 
systems more often than not are not sustainable, and make engineering services costly and often 
unaffordable by both governments and rural communities of developing countries. Consequently, 
despite intensified investments of governments in large schemes, the socio-economic situation have 
been steadily worsening, and catastrophic water scarcity have been spreading in semi-arid regions of 
Africa, Central and North America, and the Caribbean – affecting domestic water supply, food 
production, the agro-industry, employment and health. 

In the face of local (ecological, socio-political, economic and technological) constraints in developing 
countries of the Tropics, decentralised rainwater harvesting/watershed management systems have 
proven most appropriate – particularly in absence of the huge capital necessary for centralised 
systems. The importance and appropriateness of the conservation of flood runoff in rural areas of 
developing countries, as opposed to the conventional exploitation of rivers, is the more significant, 
that water harvesting measures are much less costly than large dams schemes, and can be spread over 
time, when labour and time is available during the dry season. They can therefore be afforded without 
threatening the countries' economy through debts. Besides, the necessary capital is almost fully used 
to create work in the country itself, since the technical measures can be implemented and managed by 
the communities themselves. Furthermore, local capacity can be developed, while the low-level and 
low-cost technologies necessary are well known or understandable by rural people – having been 
developed by indigenous people themselves, as a sustainable adaptation of irrigated agriculture to the 
agro-climatic conditions prevailing in their difficult environment. 

Similarly, in urban areas of humid and semi-arid regions, rooftop rainwater harvesting is being 
increasingly considered to compensate for shortage of domestic water supply due to scarcity of water 
or deficient centralised supply systems. 

The short paper/poster will illustrate two case studies of rooftop rainwater harvesting: 

1. in richer city households in Haiti; and 

2. in a project for poorer households in a rural town of Nigeria. 
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2.30 Investigating the Feasibility of RWH Under Semiarid 
Conditions: Benefits of Computer Simulation in Adding Value 
to Field Experiments 
Omari Mzirai, J.W. Gowing, N. Hatibu, F. B. Rwehumbiza, M.D.B Young 

Soil-Water Management Research Group 
Faculty of Agriculture 
Sokoine University of Agriculture 
Morogoro 
Tanzania 
email swmrg@suanet.ac.tz orswmrg@yahoo.co.uk 

Abstract 

Agricultural production in semi- arid areas depends on direct rainfall, which is highly variable with 
respect to both time and space. Significant variation in the temporal and spatial distribution of rainfall 
usually results in serious shortage of soil-water available to plants and thus poor crop and livestock 
production. To overcome this problem, feasibility of RWH was investigated in representative areas of 
semi- arid lands in Tanzania. Analysis of rainfall characteristics was done in these areas to reveal 
different rainfall variability parameters (i.e. start and cessation of rainy season, duration of season, 
total rain, and rainy days). The results revealed that rainfall was low and highly variable with CV 
varying from 20% to 50% during long rainy season and 42 –50% during the short rainy season. It was 
also found that in some areas, dry spells of 15 days may occur during both the short and the long rainy 
season with probability 30%. 

Though efforts have been made through experimental research to investigate RWH options, 
meaningful extrapolation of results has been a big problem. A twin-track approach was used in this 
project, where experimental work was linked to the development of simulation model (PARCH-
THIRST) designed to assess how any particular RWH innovation is likely to perform. The potential of 
the model to overcome problems of spatially and temporally extrapolating experimental results and 
delivering results of direct relevance to farmers and extension services is presented in this paper. The 
results of simulation, shows that the model proved to be reliable in prediction with high accuracy. 
Performance of cropping systems with and without RWH is demonstrated on the basis of scenario 
simulations. The twin-track approach introduced additional requirements into the experimental effort 
in the short-term in order to provide all the data necessary for developing the model, but it can be 
concluded that this burden was worthwhile due to added value for the work as it makes research better 
and more efficient. It provides more complete understanding and more accurate predictions than it 
would be the case for field research alone unless it was continued over a long period and replicated on 
a large number of sites. 
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2.31 Challenges and Prospects of Rainwater Harvesting in Rural 
Communities in Eastern Nigeria 
Uche Igwe 
Nigerian Youth Environmental Network 
Uwani, Enugu 
 Nigeria 
email:  akonauche@yahoo.com 

Background 

Freshwater is a precious but limited resource. Only about 0.007% of all earths’ water is available for 
human use.  If the earth’s total reserves were compared to one gallon,  (including snow and ice) fresh 
water will make up less than half a cup and readily accessible fresh water would just be about two 
drops. 

Competition for those drops is increasing exponentially.  By present estimates, about thirty-one 
countries, accounting for under 8% of the world population about 400 million people face chronic 
water shortages.  Each year some 90 million people are added to global population and nearly every 
country will experience a per capita reduction of available water resources during the next three 
decades 

Water scarcity on such a colossal scale in the age of space exploration, biotechnology and microchip 
is an economic embarrassment and a moral outrage. 

The implication of the global water crisis has impacted on the capacity of third world nations to 
deliver contextual issues of development in areas of food security, health care delivery and poverty 
alleviation. 

The challenges that face Africa seem most daunting.  The annual rate of population is already high 
and there are doom day expectations that growth will stay high the foreseeable future. 

The situation in our continent is exacerbated and complicated by prolonged drought in arid and semi 
arid zones, conjugated high population pressures and a rapidly growing competition for water in the 
agriculture and industrial sectors. 
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3 RAINWATER: QUALITY ISSUES 

PAPERS 

3.1 Microbiological Quality of Rainwater in Selected Indigenous 
Communities in Central Australia 
Aleksandra Plazinska 
Land & Water Sciences Division 
Bureau of Rural Sciences 
 P O Box E 11 
Kingston 2604 
Australia 
email: Aleksandra.Plazinska@brs.gov.au  

Introduction 

Environmental factors, such as the poor quality of drinking water, are considered to be one of the 
major causes of poor health in remote Aboriginal communities (Hearn et al. 1993). The provision of 
safe drinking water supplies in those communities is therefore of great importance. 

The Anangu Pitjantjatjara Lands covers 160,000 square kilometres in the north-western corner of 
South Australia and contains approximately 3000 people in nine major communities and about 70 
homelands. It is an arid region, and the communities rely heavily on groundwater. High salinity, 
together with the concentrations of nitrate, fluoride, boron and other elements frequently exceed the 
Australian Drinking Water Guidelines (Fitzgerald et al., 2000). The region receives on average 
approximately 270 mm/yr of rainfall although it is highly variable and ranges from 50 to 739 mm/yr. 
Even though almost all houses have rainwater tanks, most tanks are not large enough to reliably serve 
as the sole drinking water supply, however they represent a valuable additional water source of 
superior chemical quality.  

3.2 Towards Water Quality Guidance for Collected Rainwater  
Han Heijnen 
Environmental Health Advisor 
WHO Bangladesh 
GPO Box 250 
Dhaka 1000 
Bangladesh 
e-mail: whosani@citechco.net 

Introduction 

Traditionally surface water and (shallow) ground water have been used as sources for drinking water. 
In harsher environments societies have developed ways of securing sufficient good quality water by 
developing techniques for digging deeper and collecting water in underground drains (qanats) or by 
constructing run-off water collection systems to fill surface reservoirs (tank, wewa, hafir, etc..).  
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In recent years exploitation of water resources has focused on providing water for food production, 
and water supply for domestic and industrial purposes. Population growth, intensification of 
agriculture and growing urbanization have led to water stresses in locations that used to self sufficient 
in water. Quantity and quality of water for all human purposes are becoming compromised and many 
countries are now developing strategies to conserve and protect water. 

Households and communities all over the world have from time immemorial collected rainwater for 
their daily needs. Dying Wisdom, published by CSE in New Delhi in 1995 as a result of an extensive 
journey across the Indian Sub-continent, beautifully describes the intricate ways in which people 
secured their livelihood through harvesting and protection of rainwater. On the other hand, public 
health concerns and technological developments of the last 150 years have combined to provide many 
people with safe and convenient water supply facilities near their home. This will have pushed 
rainwater harvesting to the background as a water supply option. 

Unfortunately, the Global Assessment of the Water Supply and Sanitation Sector, 2000, has to report 
that in 2000 only 82% (4.9 billion) of the world’s population is served with some form of improved 
water supply. The diagram above shows that for the combined population of Africa, Asia, Latin 
America and the Caribbean some 21% is not served.  

Chances are that many of those not served, and even a good number of those served by an improved 
supply, will practice some form of rainwater harvesting to secure or augment domestic supplies. 

In view of the stress on available water sources and because many people will have no alternative, the 
use of rainwater for a variety of domestic purposes is likely to grow rapidly. Not all collected 
rainwater will be used for drinking and cooking. But for the part that is, it would be useful to develop 
guidelines with respect to safeguarding its quality. WHO intends to include guidance on the quality 
and storage of collected rainwater as a source of drinking water, in its next update of the Drinking 
Water Quality Guidelines scheduled for 2003. 

3.3 A Diary Study Of Gastroenteritis And Tank Rainwater 
Consumption In Young Children In South Australia 
Jane Heyworth 
Department of Public Health 
University of Western Australia. 
Email: heyworth@dph.uwa.edu.au 

Introduction 

Tank rainwater is an important source of drinking water in South Australia. More households (42%) 
use tank rainwater as their main source of drinking water than use public mains (40%) (Heyworth et 
al.1998). The community preference for consumption of this untreated water supply has highlighted 
the need for policy on its safe use. The longitudinal study reported here, the tank rainwater diary 
study, was undertaken to provide epidemiological data in support of a risk assessment of tank 
rainwater consumption. 

An earlier prevalence study of 9,500 children, indicated that there was a slight, but non-significant, 
increase in risk of gastroenteritis associated with consumption tank rainwater in rural South Australia. 
This longitudinal study was undertaken to investigate more fully the temporal relationship between 
risk of gastroenteritis and exposure to tank rainwater. 
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3.4 Health Implications of Widespread Use of DRWH: Mosquito 
Control 
P.K. Mittal, Namrata Pathak, Padma Vasudevan, Terry Thomas 
Centre for Rural Development & Technology 
 Indian Institute of Technology, Delhi 
Hauz Khas 
New Delhi-110016 
email: namratapathak@hotmail.com 

Introduction 

Mosquito borne diseases like malaria and dengue are of primary concern, especially in tropical 
countries. It is well known that the availability of stagnant water generally leads to mosquito breeding. 
Hence in considering health issues related to DRWH, the risk of mosquito breeding and consequent 
spread of diseases borne by them need to be evaluated. Measures have to be taken to minimise the 
risk. Under an EU sponsored project, special features required for reducing the risk of mosquito 
breeding in DRWH design, were studied. 

Denying access to water is universally effective in controlling breeding of all mosquito species. 
Preventing stagnation of water on the gutter and putting up suitable barriers for barring the entry of 
adult mosquito into DRWH are most useful, but not always feasible. If, in spite of preventive 
measures, mosquito enters the storage tank, appropriate measures for deterring ovi position and larval 
growth have to be considered. Accordingly, the following three aspects were examined: 

1. Barriers for preventing the approach of adult mosquitoes to water in DRWH. 

2. Quality of water and other parameters which discourage or encourage ovi-position and larval 
growth. 

3. Treatment of water in storage for control of breeding. 

Some of the results are discussed herein. 
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3.5 Bacteriological Quality of Water in DRWH 
Padma Vasudevan, Mamta Tandon  
Centre for Rural Development & Technology 
Indian Institute of Technology, Delhi 
Hauz Khas 
New Delhi-110016 
India 

Chitra Krishnan 
Department of Applied Mechanics 
Indian Institute of Technology, Delhi 
Hauz Khas 
New Delhi-110016 
India 

Terry Thomas  
Development Technology Unit 
School of Engineering 
University of Warwick 
Coventry, CV4 7AL 
U.K. 

Introduction 

In spite of the fact that RWH is an age old traditional practice for collecting water (Dying Wisdom, 
1997), certain research inputs are needed for reviving the technology to suit the modern habitats. In 
this paper the results on the following aspects are presented: 

1. Comparison of testing procedures for bacteriological quality: correlation between H2S strip 
test and MPN. 

2. Effect of roofing material on water quality from four different types of roofs, with and without 
tree hangings over them. 

3. Co-relations between bacteriological quality of water and amount of roof washings collected 
in flushes. 

3.6 Solar Disinfection of Water:(A Case Study from Kenya) 
Stephen Burgess 
ACK Eldoret Region 
Christian Community Services 
Kenya 
email: sburgess@africaonline.co.ke 

Introduction 

The Water Supply and Sanitation Project being implemented by the Christian Community Services, 
works with rural self help groups to improve their access to clean, safe, domestic water. Operating in 
the North Rift area of Kenya in Uasin Gishu District the groups are building household rainwater 



Proceedings of the Tenth International Rainwater Catchment Systems Conference: Abstracts 

catchment systems, protecting shallow hand dug wells and using rope and washer pumps. This 
provides for water supply, but one important issue is how to ensure the water is safe. As the objective 
is to improve the health status of the community, environmental hygiene and sanitation training and 
awareness raising has been undertaken in order to reduce the risk of waterborne disease transmission, 
(Faecal – oral cycle ). 

Rainwater, collected in the roof catchment tanks, is a good source of safe water provided precautions 
are taken to maintain cleanliness of the RWCS. Other sources have the risk of contamination by 
pathogens that cause diseases, particularly the rivers, unprotected shallow wells and springs that are a 
common source of water in the area. The community members report a high incidence of diarrhoea, 
and even typhoid, suggesting that a contamination problem exists. 

Currently the community members treat their water by settlement, storage and disinfection by boiling 
but due to time pressure and the effort involved in collecting firewood and boiling water the practice is 
often neglected leading to a high incidence of waterborne diseases. 

An alternative method of water disinfection, SODIS, Solar Disinfection of water has been promoted 
with some of the groups to provide safe, household drinking water. This paper reports the experiences 
from these groups. 

The technique of SODIS has been researched and reported widely ( Acra et al., 1984; Wegelin et al., 
1994; Lawand et al.,1988; Sommer et al., 1997). The following technical details are taken from a 
series of Technical notes; ( EAWAG/ SANDAC, 2000 ). 

3.7 Rainwater Treatment Technology for Affordable, Quality 
Drinking Water 
Willem P. Boelhouwer 
AquaEst 
email: cleanwater@aquasure.nl 

Glenn Rexwinkel, Procede Twente BV Bert Heesink 
University of Twente 
The Netherlands 

Introduction 

The final resolution of the 9th International Rainwater Catchment Systems Conference, held in Brasil 
in 1999, stated that greater attention needed to be placed on improving the quality of rainwater. Up 
until then efforts were concentrated only on the catchment of rainwater. 

The Second World Water Forum, held in 2000 in the Hague, confirmed that view, stating the 
importance of providing drinking water quality for small communities, including using Rainwater 
Catchment as a natural source. 

The time has come to seek ways of providing affordable, appropriate solutions to increase the quality 
of rainwater so as to fulfil drinking water requirements and thereby create growth for Rainwater 
Harvesting  

Until now, only simple mechanical filtering devices have been available. These take out large particles 
but do not stop micro-organisms, organic and inorganic contaminants, such as heavy metals, getting 
through. 
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This prompted a development programme, in partnership with the Technical University of Twente in 
The Netherlands, to create a compact, integrated drinking water filter suitable for domestic use by 
small communities in urban, peri-urban and rural areas.  

3.8 Environmental Considerations With Respect to Rainwater 
Harvesting 
Mohamed Ghanayem 
Applied Research Institute-Jerusalem (ARIJ) 
P. O. Box 860 
Bethlehem 
Palestine 
e-mail address: ghanayem@arij.org 

Technical description 

Rainwater harvesting for domestic use is an option, which has been adopted in many areas of the 
Palestinian territories since ancient times. A rainwater harvesting system consists of three basic 
elements: collection area, conveyance system and storage facilities. 

The technology is based on small-scale rainwater catchments systems. As rainwater falls of a roof, the 
water flows through plastic pipes (4“ VPC or plastic pipes) and into a large cistern. The collection 
area in all cases of domestic use is the roof of a house or building. The effective roof area and the 
material used in construction the roof influence the efficiency of collection and the water quality. The 
water ultimately is stored in cisterns, often excavated in the lime stone rock formation or in a storage 
structure, which may be part of the building. 

None of the rainwater harvesting systems uses any devices for filtration or disinfecting, but as a 
normal practice, the users divert the ‘first flush’ water so that it does not enter the storage facility. This 
practice is normally implemented once at the beginning of the rainy season only. 

3.9 Disinfecting Effects on Collected Rainwater and Cost Analysis 
Ling Bo and Han Guangen 
Institute of Health & Engineering 
China Academy of Preventive Medicine 
Beijing 100050 
China 
email: boling@163bj.com 

Introduction 

When rainwater is collected and pre-treated by sedimentation before entering water storage, the sense 
perception is nice. However, during rainwater collection, the water quality may deteriorate through the 
putrefaction of organic material in the water, or through growth of bacteria and other micro-
organisms, in resulting to carry infectious diseases, such as higher morbidities of dysentery and 
diarrhoea among people drinking the cellar water then that drinking the well water as showed in Table 
1 and 2. It is, therefore, necessary to disinfect the collected rainwater before use. To provide a simple 
and cost effective method, we have compared several solutions and analyze their feasibility, based on 
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10 cisterns and 10 cellars located in Zejiang Province and Gansu Province, respectively. Their 
characteristics, indicated in Table 3 and Table 4, include catchment route, material and size of the 
roof, material, storage volume and storage days of the cistern, rainwater collecting way, people 
numbers per household drinking water from the cisterns, numbers of flushing toilet, washing machine 
and shower per household, garden areas per household irrigated by the cisterns, as well as disinfecting 
method, if any. 

POSTERS 

3.10 Maintaining Participation an a Longitudinal Study of 
Gastroenteritis and Tank Rainwater Consumption in Young 
Children 
Jane Heyworth 
Department of Public Health 
University of Western Australia.  

Introduction 

Two important aspects of longitudinal studies are recruitment and maintaining the interest and 
cooperation of participants. In this paper these are discussed in relation to a longitudinal study of 
gastroenteritis and water consumption among children aged 4-6 years in South Australia. 

3.11 Improvement on the Harvested Rainwater Quality in Rural 
Areas of Southern Nigeria 
Peter Andrew Ani and L.O. Mberede 
“Mirindu” Enugu Catholic Diocesan Water Programme 
Nigeria, email: padiks@infoweb.abs.net  

Introduction 

Water is life is an old axiom. The level of availability of potable water could serve as a yardstick for 
measuring the quality of life especially in developing countries. 

Nigeria has a total landmass of 923,768 sq km. About half of the country is underlain by basement 
rocks, which comprise of metasediments, granite gress, quartzite granite etc. Whereas the other half is 
underlain by sedimentary rocks comprising of shale, sands, silt, clay limestone, etc. 

The country is endowed with an estimated 267,000 million cubic meters of surface water, and about 
52 million cubic metres per year of groundwater potential. These vast potential notwithstanding only 
30% of the rural populace, 35% of semi urban and 50% of the nations urban dwellers are served with 
potable water. The outstanding water supply gap is augmented through other means including 
rainwater harvesting. 

Annual precipitation varies from less than 500mm per annum in the arid north to about 3000mm per 
annum in the humid south. Evaportranspiration is less than annual precipitation in the South but there 
is more annual precipitation in the arid north. The rainy season spans May to October in the north but 
April to November in the south. 
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Rainwater harvesting is a practice as old as the emergence of man on earth. Initially, the quest was 
more for quantity rather than quality. As development progressed, the quality of the available water 
became addressed. Catchments system ranged from thatched roofs, earthen pots, cut calabashes, 
corrugated iron sheets, household cisterns, communal ponds to use of discarded burrows pits and earth 
dams. The quality of rainwater harvested from these catchments systems vary significantly. 

4 RAINWATER CATCHMENT IN AGRICULTURE 

PAPERS 

4.1 Efficacy of the Small Water Harvesting Structures in a Dryland 
Region in India: Implications for Crop Productivity 

 

Amita Shah 
Gujarat Institute of Development Research 
Gota 
Ahmedabad 380 060 
India 
email: gidr@ad1.vsnl.net.in 

Introduction 

Small water harvesting structures were important sources of irrigation before the advent 
of big dams and canal systems. While these structures serve as a major device for ground water 
recharge, especially in low rainfall/dryland regions, they are often viewed as having limited economic 
benefits. The recent revival of interest in small water harvesting structures however, is an outcome of 
the increasing environmental concerns, particularly due to depleted ground water resources in large 
parts of the country. While the primary objective of such measures is to improve recharging of ground 
water, they often provide a source of supplementary irrigation. Hence, if properly introduced, these 
measures can ensure economic viability which in turn, may induce private investments. What is 
however missing in these efforts is (a) mechanism of sharing of benefits with those who do not derive 
any direct economic gains from such structures; and (b) emphasis on water use efficiency such that it 
improves the ground water table to a sustainable level. One of the possible ways to overcome this 
distributional problem is to make smaller structures, like farm ponds, on a large number of privately 
owned farms which in turn may cater to a large number of farmers, especially those who otherwise 
cannot afford investing in private wells and/or remain outside the reach of small irrigation schemes. 

Given this context, the government of Gujarat (a federal state in India) has initiated a Farm Ponds 
Scheme in 1995-96. The major objectives of the scheme are twofold: (i) to recharge the ground water 
table; and (ii) to improve crop yield through increased soil moisture and supplementary irrigation. 
Generally, these ponds are made on farmers fields and in vicinity of the irrigation wells. The ponds are 
typically of small size i.e. of 12, 14 and 15 square meters. The corresponding costs are about US$ 180, 
270, and 310 respectively. Despite the fact that the scheme is likely to generate ‘substantial’ private 
benefits to farmers, the state is subsidising 85 per cent of the cost. A likely corollary of such a high 
degree of subsidisation might be low incentives for water-use efficiency as well as maintenance. 
Besides these, given the budgetary constraints, the scheme with a high rate of subsidy for all 
categories of farmers may have only limited coverage. Very often this might be at the cost of the poor 
farmers. By 1996-97 about 6868 ponds were made in different districts with special concentration in 
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the dryland/semiarid regions in the state. The present analysis is based on a larger study involving a 
primary survey of 688 farmers in the major districts of Gujarat. The survey consisted of about 10 per 
cent of the total 6868 ponds, selected from each district, on a pro-rata basis. 

4.2 The Effectiveness of Rainwater Catchment on Flood Control in 
Slope Land Area 
K.F. Andrew Lo and Chao-Chun Huang 
Department of Natural Resources 
Chinese Culture University 
Taipei 
Taiwan 
email: ufab0043@ms5.hinet.net 

Introduction 

Taiwan is a mountainous island. The total area is about 36,026 km2. The Central 
Mountain Range runs north to south, dissecting the island into two halves. Flatland with less than 
100 m elevation comprises 26.4% of the total area. The remaining 73.6% is slopeland. Forest cover in 
higher elevation is about 46.6%. Along the Central Mountain Range, there are about 20 peaks 
exceeding 3,000 m. Rivers originate from mountain tops flow east and west to the Pacific Ocean and 
the Taiwan Strait, forming narrow river valleys as a result of torrential river flow. Suitable reservoir 
sites are limited. 

The average annual rainfall is about 2,500 mm. However, rainfall is unevenly distributed both 
temporally and spatially. The north, central, south and east receive about 62%, 78%, 90%, and 79% of 
the total rainfall during the month from May to September, respectively. Wet and dry seasons are very 
pronounced. The available water resources are limited. Due to increases in population, economic 
development, housing areas, and agricultural land, slopeland ecology has been damaged, resulting in 
severe soil erosion and runoff, ruined water retention capacity, accelerated water pollution rate, and 
deteriorating sedimentation and water pollution problems in reservoirs. 

Torrential typhoon rains often lead to massive soil movement and landslides; concentrated runoff and 
large peak flow, causing significant damages downstream in the Hsichih area, Taipei. The main 
objective of this study is to determine the effectiveness of storm water collection using small 
infiltration enhancement structures and retention ponds on storm runoff reduction and flood control. 

4.3 Green Water: Enhancing Food Security in Kenya Through 
Rainwater Harvesting 
Bancy M. Mati 
Kenya Rainwater Association 
email: kra@net2000ke.com 

Introduction 

Various strategies have been applied, with the aim of improving food security among small scale 
farmers in Kenya, especially those from the semi-arid areas. These have ranged from extension 
packages, trials with different and new crop varieties, fertilizers and pesticides, soil conservation 
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campaigns, as well as research strategies (Tengberg et al 1998; Kiome and Stocking, 1995; Lewcock, 
1997). Despite this, the small-scale farmer in Kenya is much poorer and the need for food relief has 
been growing compared to 30 years ago. The reasons for the success or failure of the various 
interventions has been discussed and publicized (Sherington, 1997; Lacy, 1996; Norman et al, 1994; 
Chambers et al, 1989; Reij et al, 1996). Recent studies have shown the need to shift from top-bottom, 
capital-intensive approaches, to ones developed with more farmer involvement. Even so, efforts to 
achieve a more systematic involvement of resource poor farmers through public sector agricultural 
research organizations have been weak. This is due to a lack of internal motivation on the part of the 
scientific community, and also lack of external pressure from the farmers (Lacy, 1996). Farmers rarely 
demand services from the technocrats. To bring about a more effective functioning of the system, 
several models have emerged that describe the relationship between scientists/technology developers, 
extension educators, farmers and the informal sector.  

4.4 Water Harvesting for Afforestation in Dry Areas 
Dieter Prinz 
Institute of Water Resources Management 
Hydraulic and Rural Engineering 
University 
Karlsruhe 
Germany 
email: prinz@iwk.uni-karlsruhe.de 

Introduction 

In arid and semiarid regions, where rainfall is not sufficient to sustain a good seedling/tree growth, 
water harvesting for afforestation is applied. Water harvesting can significantly increase the rate of 
tree establishment in drought prone areas by concentrating the rainfall/runoff ('Run-off Irrigation').  

These advantages are countered by the problem of unreliability of rainfall, which can be partly 
overcome by interim storage (cisterns, small reservoirs etc.). Modern hydrological tools (e.g. 
calculation of rainfall probability) allow a more precise determination of the necessary size of the 
catchment area (Prinz et al., 1998). 

There are two major groups of water harvesting techniques: (1) Rainwater Harvesting, which is the 
collection of runoff and its use for the irrigation of crops, pastures and trees and (2) Floodwater 
Harvesting, also called 'Spate Irrigation', which uses the floodwater of ephemeral streams and rivers.  

Parameters: The most important parameters to be taken into consideration in selecting a water 
harvesting technique for afforestation are: (1) rainfall distribution and rainfall intensity, (2) 
topographical condition, (3) runoff / infiltration characteristics of the location, (4) water storage 
capacity of soils, cisterns and reservoirs, (5) the type of fruit, nut, or forest tree, (6) available 
technologies and socio-economic conditions and preferences of the cultivator. 
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4.5 Calculation and Assessment for Developing Rainwater 
Resource Potential of a Small Watershed in the Loess Plateau 
of China 
Feng Hao, Shao Mingan, Wu Pute 
Institute of Soil and Water Conservation Chinese Academy of Science and Ministry of Water 
Resources 
Northwest Sci-Tech University for Agriculture and Forestry 
Yangling, Shaanxi 
China 
email: nercwsi@public.xa.sn.cn 

Introduction 

The Loess Plateau, located in northwest China, covers 6.9% of the country’s area and holds 1.8% of 
the total water resources. It uses 3720 m3 water per ha and 654 m3 water per person per year, 14% 
and 24.1% of the country’s total respectively. The West China Development Program is concerned 
about the limited water resources because they limit the development possibilities of its rich resources 
of coal, petroleum, natural gas, ore and rare metals and contribute to peoples’ poor standard of living. 
A local proverb saying ‘everything can be lent but water’, demonstrate the Plateau’s water problems. 

In recent years, as a result of the tremendous achievement of providing drinking water for 1.2 million 
people and irrigating 300 thousand hectare of crops in China’s Gansu Province, the engineering of 
rainwater utilization has received more attention. The purpose of rainwater utilization is not merely to 
make people collect and use rainwater. The more important aspect of rainwater utilization is that 
people begin to have a new understanding and acceptance of the traditional methods of water 
conservation. People recognized rainwater as a new type of water resource (Liu, 1998). In a certain 
region, rainwater is probably the only water resource (Ma et al., 1997). Compared to the conventional 
assessment method which only includes surface water and shallow ground water, we get different 
amounts according to the viewpoint of rainwater resources when analyzing and calculating water 
resources. 

4.6 Converting Rainwater Into Food Efficiently 
J.J. Botha, J.J. Anderson, P.P. van Staden, L.D. van Rensburg, M. Hensley 

ARC-Institute for Soil, Climate and Water 
Private Bag X01 
Glen, 9360 
Republic of South Africa 
email: debruint@glen.agric.za 

Abstract 

The problem was highlighted in the 3 May 1999 issue of the official newsletter of the National 
Department of Agriculture in which it was reported that "..more than 14 million people in South 
Africa are vulnerable to food insecurity." This is a serious problem. One of the main factors limiting 
food production over large areas in South Africa is a shortage of water. It is also true that a large 
proportion of the rain that does fall is wasted. In other words it is not used productively to produce 
food. Every drop of rain that is wasted contributes to this problem of food insecurity. The problems is 
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most serious for those people who depend on small areas of land to provide their food requirements. If 
we want to reduce food insecurity we therefore need to focus first on the needs of these people. 

Rainfall use efficiency, and therefore crop yields, can be increased significantly in semiarid areas on 
fairly deep clay soils using a water conservation production technique which combines the benefits of 
water harvesting, no-till, mulching and basin tillage. 

4.7 Women’s Empowerment Through Hilltop Rainwater 
Harvesting  
Jasveen Jairath 
Society for Participatory Development 
 Hyderabad 
India 
Email: jasveenj@mail.com 

Backdrop 
The experiment under consideration was undertaken in a drought prone area of Andhra Pradesh in 
India with a high population of poorer castes and tribes who practice subsistence agriculture. There is 
a high degree of landless population and the ones with land have very small units ranging from half 
acre to three acres. Total annual rainfall is less than 500mm. Overall socio-economic indicators of 
health, literacy, incomes are very low. 

Proposed objectives 
To conserve rainwater on hilltop in a closed structure for later use for supporting income yielding 
plantations on the hill slopes through women’s involvement by providing supplemental irrigation 
using water efficient technologies. 

4.8 Water Harvesting, Dryland Farmers and Yields 
Jennie Barron, Patrick Fox, Johan Rockstrom, Deborah Duveskog 
Natural Resource Management Group 
Department of Systems Ecology 
Stockholm University 
Sweden 
email: jennie@system.ecology.su.se 

Introduction 

We present a on-farm research project carried out at two sites in semiarid environments, one in 
Burkina Faso and one in Kenya. Both sites use rainwater harvesting systems to improve water 
management for crop growth. In this paper we present some yield data and compare to farmers' food 
security situation in the neighbouring areas of the research sites. The research was carried out by the 
Department of Systems Ecology Stockholm University in collaboration with IRD and INERA, 
Burkina Faso, and KARI and RELMA in Kenya. The period of study went from 1998-2001. 
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4.9 Mini-Catchment Technique for Crop Production and 
Forestationin Semiarid Areas 
Li Yuanhong and Zhu Qiang 
Gansu Research Institute for Water Conservancy (GRIWAC) 
Lanzhou 730000 
China 
email: gsws@public.lz.gs.cn 

Introduction 

The total amount of water resources in the Gansu province is 29.494 billion m3. The water resources 
per capita are only 1171 m3, less than 1/7 of that in the world. Due to the effect of topographic and 
climatic conditions, water resources are unfavorable distributed both in space and time. The annual 
precipitation is 250-450 mm and in more than 70% of the areas, rain is concentrated in the period from 
July to September. There is a great difference between the time of crop water demand and rain 
occurrence. In the past it has not been possible to guarantee water supply for both domestic use and 
crop irrigation. To solve the serious water shortage, rainwater harvesting projects have been carried 
out since the 1980’s and showed satisfying results. The most successful project is the so-called “121” 
Project: the provincial government helped the farmers to build one rainwater collection field of 100m2, 
two water cellars and one piece of land for courtyard economy. The drinking water problem of more 
than 250,000 households and their livestock has thus been solved. After that, a rainwater harvesting 
and irrigation project has been conducted to provide supplemental irrigation during the critical period 
of crop growth. However, in many remote mountainous areas, farmers do not have enough funds to 
build their rainwater collection fields and water tanks. A new technique of mini-catchment has been 
tested, demonstrated and replicated. Using this technique, one only needs to cover the strip lands 
between the crop lines with plastic film during sowing. When it rains, the water will concentrate on 
the cropping areas and increase the moisture surrounding the crops. The method is simple, cheap and 
affordable for the farmers and effective for increasing the yield. 

4.10 Potential of Rainwater Harvesting for Raising Agricultural 
Productivity of Rain-fed Areas 
S.N. Panda, B. Panigrahi, R. Mull 
Department of Agricultural and Food Engineering 
Indian Institute of Technology 
Kharagpur 721302 
India 
email: snp@agfe.iitkgp.ernet.in  

Introduction 

More than 70 per cent of India’ s gross cultivated land is under rain-fed agriculture and the 
agricultural production of these zones is very low compared to irrigated agriculture. Even though more 
than 1000 mm of rainfall occurs in the rainy season, the erratic distribution of rainfall along with 
frequent occurrence of dry spells causes severe reduction in yield. Vast areas remain fallow during 
rabi season due to a lack of irrigation facilities. At times, high frequency of rainfall of longer duration 
causes floods at lower end of cultivated areas leading to severe soil erosion and prolonged inundation 
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of crops consequently affecting yield. Considering all these aspects there is a dare necessity of 
effective rainwater management in rain-fed areas. Rainwater management, crop planning and 
judicious allocation of stored rainwater are the most effective means for sustainable agriculture in 
rain-fed areas. In this paper rainwater management by way of harvesting it in an on-farm reservoir 
(OFR) and optimal use of stored water by its recycling to the cropped fields are discussed. The stored 
water is used optimally as supplemental irrigation (SI) to crops especially during critical growth stages 
(CGS).  

4.11 Rainwater Harvesting: Impact on Agriculture and Environment 
in Pakistan 
Sardar Muhammad Tariq 
Pakistan Water Partnership, WAPDA 
Room No.706 
WAPDA House 
Lahore 
Pakistan 
email: Memwater@Lhr.pak.net.com.pk 

Introduction 

Pakistan falls in the arid and semiarid climatic region and about 11 million hectares or 14% are 
covered by the deserts Thar, Cholistan, Thal, Changi and Kharan. These deserts have acute shortage of 
water supplies and as a result a harsh life. In deserts, the primary source of water is rainfall and 
underground water resources are mostly saline. When there is no rainfall, people are faced with 
droughts and famines. The years without rain also reduce grazing lands, increase livestock mortality 
and bring additional miseries for human beings.  

When water is scarce, the need for water management skills and efficient use rises. In such areas the 
water for growing vegetables and fruit trees as well as for drinking purposes can only be provided 
through rainwater harvesting technologies. Due to constant population growth, there is a necessity for 
an increased food supply, requiring the use of marginal and desert lands for livestock and farm 
production. The saline groundwater cannot be used for human and animal consumption nor for 
growing crops and trees. To combat this problem water harvesting techniques have generally been 
used to get water. This paper has the objective to evaluate the water resources available through 
rainwater harvesting and its impact on agriculture, the socio-economic conditions of the inhabitants 
and the area’s environment. 
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4.12 The Influence of Rain Intensity and Crop Stages on Runoff 
Production 
W.P. Spaan and E.E van Loon 
Department of Environmental Sciences 
Wageningen University 
Nieuwe Kanaal 11, 6709PA 
Wageningen 
The Netherlands 
email: wim.spaan@users.tct.wau.nl 

Abstract 

The efficacy of vegetation barriers intended for runoff reduction was evaluated at a research station in 
central Burkina Faso. On a 2 % slope of a sandy loam seven local species (grasses, woody species and 
a succulent) were planted as conservation barriers to examine their influence on soil and water 
conservation. After each erosive storm runoff was measured to determine the catch efficiency. Large 
differences were found between the barrier types. Grasses proved to be very effective. The through-
flow in the barriers with woody species and succulents was rather high. Compared to this barrier 
effect, the effects of rain intensity and crop development are rather small. Runoff reduction during the 
growing season is highest on plots without a barrier and on plots with the less effective Agave and 
Ziziphus barriers. The increase of rain intensity is resulting in the highest reaction on plots with Agave 
and Ziziphus barriers. On plots with the more effective Andropogon barrier the influence of rain 
intensity and crop stages is rather small.  

4.13 Effects of Rainwater Harvesting on Dry Farming 
Zhu Qiang and Li Yuanhong 
Gansu Research Institute for Water Conservancy 
Lanzhou 730000 
China 
email: qzhu@zgb.com.cn 

Introduction 

The middle and eastern part of Gansu, one of China’s driest and poorest provinces, is a typical dry 
farming region. Most of the area is mountainous, crisscrossed by ravines and gullies and covered with 
deep loess soil. The annual precipitation is only 330 mm with unfavourable distribution within the 
year. Due to the climatic and geological conditions, the runoff coefficient is as low as 0.05 and there’s 
a lack of groundwater. Frequent droughts made the agriculture production a very low level. Serious 
water scarcity caused food insecurity and inadequate drinking supply for the people. In the past 
decades, people have made many efforts within the conventional measures of dry farming, including 
the cultivation measures such as deep ploughing and harrowing, mulching, breeding of varieties 
adapted to water stress, etc. The soil and water conservation measures such as terracing, contour 
planting and constructing fish scale pits are also adopted to retain rainfall-runoff. All these measures 
have proven to be effective in raising crop yield, however, the effects are limited especially in the dry 
years. They could not bridge the gap between the time rainfall occurs and the time when crops 
demand water. Figure 1 shows the water demand versus rainfall in the crop periods for winter wheat. 
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We can see that crop water deficit is mainly owing to the rainfall distribution rather than the yearly 
water shortage. The soil porosity is far from enough to store all the excessive water in summer and 
autumn for the next spring. 

4.14 An Economic Analysis of a Rainwater Catchment System on a 
Farmstead in Sipili, Kenya 
Nicholas Kiggundu 
Research and Development 
Modelworks Contractors Limited 
P.O. Box 144, Entebbe 
Uganda 
email: nkiggundu@hotmail.com 

Abstract 

The appropriateness of a Rainwater Catchment System (RWCS) in a given situation depends on costs 
and benefits relative to alternative water supply systems. In this paper, the benefits-cost analysis of 
installing a ground catchment system with a multipurpose open lined subsurface tank of 150 m3 on a 
farmstead in Sipili was carried out. The stored water was used for domestic purposes, watering of two 
grade dairy cows and supplemental irrigation of a cabbage crop grown on small plots (kitchen 
gardens). The analysis showed that rainwater catchment system technology is an economically 
feasible venture. 

POSTERS 

4.15 Recent Rainwater Harvesting Progresses in Iran 
Ali Akbar Noroozi, Jamal Ghoddousi  
Soil Conservation Watershed Management Research Center of Iran 
P.O. Box: 13445-1136 
Tehran 
Iran 
email: j_ghoddousi@scwmrc.com 

Following the 8th IRCSA, held in Teheran, Iran in April 1997, various types of rainwater collection 
methods were studied in the northwest of Iran. These studies were based on some valuable 
experiences from other countries, which had been discussed during the conference. 

The aim of this paper is to describe the most important results of the employed methods, including 
water spreading, micro-catchment systems for reforestation and water pounding using micro-
catchment systems. The result of the studies have shown that in areas with limited rainfall, storing 
water in soil profile appears to be a key for survival for plant and domestic water supply in terms of 
rangeland improvement. 

One has to keep in mind that even rainwater micro-catchment systems are having limitations in terms 
of applicability. Particularly in drought prone areas, rainwater harvesting is the only way to guarantee 
water supply. 
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However increase in natural plant composition, establishment of plantation, increasing spring 
discharges as well as underground gallery, so called qanat, are the most important results in the study 
areas. In order to promote the use of rainwater harvesting methods to supply water for different 
proposes, extending the use of water harvesting techniques and training programs on a national level 
are essential and imperative for sound rainfall management in water deficient regions.  

The key points in this regard are as follows: (a)Feasibility of techniques to be used, (b)Reasonability 
of the techniques in economic terms , (c)Acceptability of the techniques by farmers, (d)Simplicity of 
the techniques in terms of design, layout, implementation and operation. 

It has to be emphasized that in the study area all the above criteria were taken into consideration and 
more than 80 hectares of wasteland were rehabilitated using micro-catchment systems. In addition 25 
water points supplying water for more than 500 head sheep were supplied through the construction of 
a flood water spreading system. The discharge of ten shallow wells and two Qanat systems was also 
increased. 

4.16 Small Scale Water Harvesting Approach for Agricultural 
Production in Semi-Arid India  
Anupam K. Singh and Dieter Prinz 

Institute of Water Resources Management and Rural Engineering (IWK) 
University of Karlsruhe (TH) 
Kaiserstr. 12, D-76131 
Karlsruhe/ 
Germany 
email: us8p@rz.uni-karlsruhe.de 

Abstract 

The project is located in semi-arid region of Anas river catchment in state of Madhya Pradesh, India. 
Due to rapid increase in agricultural land, the traditional sources of irrigation water are often overused. 
The ratio of annual potential evaporation to precipitation varies between 1.2 to 3.0, and only a small 
fraction of rain falling during monsoon season percolates into deeper soil to recharge an aquifer. The 
small scale water harvesting approach offers significant potential for sustaining agricultural production 
in semi-arid region of Anas river catchment. Remote sensing, geographical Information system and 
indigenous knowledge are linked in a participatory survey to identify suitable water harvesting areas.  
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4.17 Innovations in Watershed-based Rainwater Harvesting 
C. Udaya Shankar 
Action for Food Production – AFPRO 
25/1A, Institutional Area 
Pankha Road 
D-Block Janakpuri 
New Delhi - 110 05 
India 
email : afpro@vsnl.com 

Summary 

• The programme was based on people’s know-how and decisions on watershed-based rainwater 
harvesting, structures and processes. To add to this, exposure trips and training programmes 
helped communities to grasp the concepts and its workings perfectly. 

• Technical inputs by the implementing agency slowly reduced over a period of four years, to the 
point that certain communities built their own structures, without any technical assistance from the 
implementing agency. 

• From the very beginning, the programme emphasised on landless and other marginalised persons 
within the community. Benefit-sharing within the community has therefore worked towards 
equity, actually empowering significant numbers – for instance poor single women, landless 
families, etc. 

• Landless and land-poor families often rely on their livestock to survive. The programme gave 
special wieght to this fact, and a lot of the small surface-water bodies created were for the express 
purpose of serving the drinking water needs of livestock. 

4.18 Artificial Rainwater Collection and Utilizing Modes in China‘s 
Loess Plateau 
Gao Jianen, Wu Pute, Wang Youke, Gu Binjie 
Northwest Sci-Tech University of Agriculture & Forestry 
Yangling 712100 
Shaanxi 
China 
Email: gjianen@public.xa.sn.cn 

Abstract 

In the Loess Plateau, there has been a long history in rainwater utilization and a rapid 
development in recent years. Two kinds of high efficient catchment with new materials and 
their catchment efficiency are given. Forms of water storage and their utilization modes are 
introduced. 
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4.19 Forgotten Rain, Rediscovering Rainwater Harvesting in 
Arizona 
Heather Kinkade-Levario 
ASLA 
email: hklevario@presnellgroup.com 

Abstract 

This poster uses tables, pie charts, and photographs to depict Arizona's current water availability and 
the extreme detrimental environmental conditions created by current groundwater overdrafts. The 
poster provides historic Native American rainwater harvesting practices and current efforts to reinstate 
passive and active rainwater harvesting practices. Collected rainwater is offered as an alternate water 
source to the municipal supplies currently usurped for potable and non-potable uses in an effort to 
reduce groundwater withdrawal. Arizona's examples of residential, commercial, and research facilities 
are shown along with municipal pamphlets prepared to educate the general public about low water use 
opportunities. The back drop of the poster is the stately saguaro cactus, Arizona's and the Sonoran 
Desert's signature plant. 

4.20 Water Conservation Techniques on Small Plots in Semiarid 
Areas to Increase Sunflower Yields 
J.J. Botha, J.J. Anderson, P.P. van Staden, L.D. van Rensburg 
ARC - Institute for Soil, Climate and Water 
Private Bag X01 
Glen, 9360 
South Africa 
email: debruint@glen.agric.za 

Abstract 

Dryland crop production in South Africa is liable to short seasonal or long annual droughts that lead to 
uncertain yields and frequent crop failures. There is a great need therefore to quantify risk and 
improve the rainfall use efficiency (PUE) by employing appropriate production techniques. A large 
area east of Bloemfontein (750 000 ha), sometimes termed the “resettlement area”, has been 
earmarked for developing farmers. The area is marginal for crop production. There are two reasons for 
this (a) low and erractic rainfall (520 mm to 600 mm per annum) and (b) dominantly clay soils on 
which the PUE is low due to high runoff (R) and soil evaporation (Es) losses. The production 
techniques developed by the ARC-Glen team (Hensley, Botha, Anderson, van Staden & du Toit, 
2000) that combines the advantages of water harvesting, no-till, basin tillage and mulching in the 
basins on high drought risk clay soil reduced total runoff to zero and Es considerably. The main water 
loss is considered to be Es. Soil movement from the runoff strip into the basins however may be a 
problem in the long-term in the relation to sustainable crop production. The question that needs to be 
answered can be stated as follows: Can an appropriate water conservation production technique be 
developed which can decrease Es to a reasonable level, and which is also sustainable? 

It is hypothesised that mulch (organic or stone) on the runoff area will depress Es and soil movement 
and therefore promote higher yields and sustainability. 
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Significantly higher sunflower yield were obtained with the WHB technique compared to the Con 
technique, due to a reduction in runoff. WHB-OS and WHB-SO techniques also gave higher yields 
than the WHB-OB technique because of the reduction in Es. The experiment has shown that the 
losses, R + Es, play an important role in crop production. Although more research is needed, results 
have shown that with the WHB-OS and WHB-SO production techniques, crop production with 
reasonable high yields are possible on these high drought risk clay soils. The new technique could lead 
to a reduction of poverty or serious financial problems resulting from crop failures. 

4.21 Best Rainwater Harvesting for Plant Production: Iran 
Experience 
Jamal Ghoddousi, Ali Akbar Noroozi 
Soil Conservation Watershed Management Research Center of Iran 
P.O. Box: 13445-1136 
Tehran 
Iran 
email: j_ghoddousi@scwmrc.com 

Introduction 

It is believed that water harvesting can increase plant production in the Mediterranean arid and semi-
arid. But, it also is believed that most of the known water harvesting techniques have not been adopted 
on a significant scale both by experts and farmers (Ghoddousi, 1992). It therefore is recommended 
that water harvesting package be based on recognizing best water harvesting techniques or practices 
(Reij et.al.,1990). Considering that water harvesting is employed as an umbrella term describing a 
whole range of methods of collecting rain where it falls and resultant runoff before it has run away 
into rivers (Pacey with Cullis, 1986), recognizing best water harvesting methods or techniques seems 
to be the first step to be taken for promoting farmers to make the best use of available rainfall on the 
farms and pastures. 

In this paper in addition to defining best rainwater harvesting practices, the results of research studies 
in Iran as well as the related data are presented suggesting that prescriptive best rainwater harvesting 
practices have resulted in increased plant production, canopy cover, plant palatability classes and in 
reduced soil erosion and sedimentation. 
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4.22 The Micro Irrigation and Amelioration of Stored Rainwater 
with Natural Energies 
Kouichi Takeyama, Manabu Adachi, Ichirou Kita, Akira Higuchi 
Shimane University Faculty of Life and Environmental Science 
Matsue 
Shimane 
Japan 
email: takeyama@life.shimane-u.ac.jp 

Abstract 

This paper describes some experiments with micro irrigation systems and the amelioration effects of 
zeolite filter for better use of stored rainwater with natural energies. Energy is derived from the force 
of wind or sunlight collected by solar cells. Electric power is used directly from solar cells or ordinary 
car batteries, and connected to a 40W DC pump or a blower, which circulates water through zeolite 
filter to prevent water pollution. The transmitted sunlight effect is tested with waterweed (Egeria 
Densa Planch, EDP), where sunshine is hard to collect. The sunlight is collected by fresnel lenses and 
transmitted to the 100 l test water tank through optical fibers. Micro sprinklers or tubes with holes are 
effective in small irrigation systems. Aeration provided by water cycling through zeolite filter in the 
25m3 water pool decreases COD from 14mg/l to 9.8mg/l and dissolves little phosphorus in a week. 
However, the bottom of the small rainwater storage pond with lots of waterweed shows a slight 
decrease in DO due to the heat and weak sunlight. 

4.23 Supplemental Irrigation Through Conjunctive Use of 
Rainwater for Acquaculture and Horticulture 
L.P. Chaudhari 
N-1/8 Narayan Pujari nagar  
A. G Khan road  
Worli, Bombay,400018 
India 
email: isdr@hotmail.com 

Introduction 

Aquaculture has emerged as one of the more promising industries in the world with considerable 
growth potential and expected to contribute around the global fishery harvest by the year 2000AD 
.The aquaculture industry has multidimentions in perspective growth. Aquaculture is a tool for 
utilizing the water more economically and optimally for increasing the productivity of both, land and 
water. The world scenario indicates the total fish production of 100, million tones by the year 2000. 
Even if India ventures to contribute 5% of the world fish production by that period, the aqua food 
would remain the scare commodity for the 500 Million population which is ever increasing.  

The countries in the Asia -Pacific regions have vast and varied aquaculture resources such as dams, 
reservoirs, ponds, Lake Tanks, rice fields and lagoons. These are main sources of the water supply for 
urban development in the urban region. Oftnly the water from these sources is used accordingly to the 
national priority for domestic , industrial and the agricultural purpose . Hence it is necessary to 
develop the water use plan by optimizing the available sources. Waste water reuse from aquaculture 
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industry along with the use of rainwater for urban agriculture become essential to avoid the high cost 
transfers from irrigation schemes. This poster will deals with barriers to replicate successes in terms of 
clean technology and wastewater treatment in aquaculture industries in industrialized and developing 
countries . 

4.24 Plastic-lined Canal for Environment Protection: Multi-Use 
Canal 
Luciano Cordoval de Barros 
Embrapa Milho e Sorgo, Sete Lagoas 
Minas Gerais 
Brazil 
email: cordoval@cnpms.embrapa.br 

Over 20 percent of the Brazilian territory is an extensive region called Central Brazil, with 
approximately 2,000,000 km2 (the “cerrados” area). The soils are predominantly porous with intake 
rates above 50 mm/h. It is necessary to line canals impermeable in order to use them to: a) conduct 
water for irrigation, animal and domestic consumption, and fishery; b) conduct wastewater from farm 
animal operations and from urban and industrial treatment facilities. The project was constructed in 
the Calciolandia farm, Arcos county, State of Minas Gerais, Brazil. The canal has a length of 2.5 km, 
width of 5 m, depth of 0.8m. Lining is made with common plastic sheets 200 microns thick, 6, 8, 10 or 
12 m width, 100 m long, easily available in the market. This type of lining has shown a lot of 
advantages compared to other special lining sheets since it is cheap and easy to construct. Besides, it 
requires no more than a wheel-loader machine to do the field work. It is important to mention that the 
plastic sheets need to be covered by a 20 to 25 cm thick layer of soil in order to fix them in place and 
to protect against sun radiation and animal traffic. The slopes of the canal should be gentle, not 
exceeding a 30 percent grade. A good balance between slopes and depth determine the width of the 
canal. The grade of length must be gentle, a maximum of 1.0 m/km. 

4.25 Rainwater Harvesting Is the Way of Highly Efficient Utilization 
of Water Resources 
Chen Manjin 
Water Resources Research Institute of Inner Mongolia 
Region Huhehot, 010020 
China 
email: chengmjs@email.nm.cninfo.net 

Abstract 

The Inner Mongolia Autonomous Region is a typical area of dry farming, where the water shortage is 
the key factor obstructing development of agriculture and husbandry and the main cause of people’s 
poverty. The “112” Rainwater Harvesting and Irrigation Project (one family with one water tank for 
irrigating two Mu (0.067 hm2) cultivated land) has been implemented in Zhunge’er and Qingshuihe 
Counties. The rainwater collection efficiency, types of water tank and the construction method, 
irrigation scheduling and methods as well as the economic assessment have been studied during 
project implementation.  
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4.26 Catchment Effect of Contour Hedgerow Plants on Slopeland 
Qiangguo Cai and K.F. Andrew Lo 
Institute of Geography, Chinese Academy of Sciences 
Beijing 
China, 100101 
E-mail: caiqg@mx.cei.gov.cn 

Introduction 

Sloping Agroforestry (contour hedgerows plants) is an available land use with low input and high 
ecological output. It is widely applied in China and some developing countries. The purpose of this 
paper is to study catchment effect, runoff loss control of contour hedgerow plants on purple soil 
slopeland in the Three Gorges Reservoir areas of Yangtze River, South China and on loess slopeland 
in the Northwest hilly area of Hebei Province, North China. 

The experimental plots are located in Hongshiyan Branch of the Nursery for Orange Improved 
Varieties under the Bureau of Farm and Local Products of Zigui County, the Three Gorges area of 
Hubei Province in China, with an elevation of 200 m and on a southwest facing slope. The parent rock 
is Jurassic Penglaizhen Formation with a soil thickness of 50-70 cm. Five experimental plots of 25 
degrees steepness were used for water and soil loss observations of different hedgerow plants, 
including Hierochloe odorata, Coriariaceae, Vitex negundo, and Neoleucaena glauca. No.H-9 was a 
control plot, a slopeland mainly devoted to normal farming practices. In addition to year-round 
observations of natural rainfall, runoff and siltation in the experimental plots, simulated rainfall 
experiments were also carried out twice a year to observe rainfall-induced runoff and sediment yield 
to compensate for inadequacy in natural rainfall observations. Nearly 60 simulated rainfall 
experiments were completed with down-sprayed rainfall simulator introduced from Canada, and 
SPRACO cone-shaped sprayer made in U.S.A. The momentum obtained from the simulated 
experiments was roughly equivalent to 90 percent of isointense natural rainfall (Cai et al., 1992). This 
study conducts quantitative analyses on 16 selected simulated rainfall experiments to determine the 
impact of different land use types on soil and water loss. 

4.27 Catchment Surface Study at Zhangjiakou City, China 
Zhong-Ke Wang, Shu-Fang Wang, Qiangguo Cai, K.F. Andrew Lo 
Bureau of Water Resources 
Zhangjiakou City 
Hebei Province 
China 
E-mail: caiqg@mx.cei.gov.cn 

Abstract 

Zhangjiakou City is located in the northwestern part of Hebei Province. Precipitation is low (about 
400 mm per year). Since surface and groundwater resources are often unavailable, droughts are a 
common occurrence. One solution to this water shortage problem is to make use of rainwater 
harvesting technologies. Since catchments are vital to obtain adequate volumes of rainfall runoff in 
rainwater harvesting systems, the objective of this study, therefore, is to initiate a pilot study to 
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determine the best catchment surface for collecting the most runoff water and to demonstrate to local 
farmers the beneficial effects of rainwater harvesting to increase crop productivity. 

Experimental design consists of 12 small field plots (2 x 5 m), with 7 ground surface treatments, 
namely concrete-cover, asphalt-felt, plastic-film, silicon-spray, compact-soil, waterproof-chemical-
mix, and bare. Observation results from the past 2 rainy seasons (1999-2000) indicate that among all 
treatments, plastic-film, asphalt-felt, and silicon-spray surfaces produce more surface runoff than all 
other surfaces. Plastic-film is the best, followed by asphalt-felt and silicon-spray surfaces. Comparing 
the material plus labor cost, concrete-cover surfaces is the most expensive treatment averaging 16.9 
yuan (US$ 0.125) per m2, followed by asphalt-felt (5.5 yuan), silicon-spray (5.0 yuan), waterproof-
chemical-mix (5.2 yuan), plastic-film (2.5 yuan) and compact-soil (2.0 yuan). Accordingly, plastic-
film is the best and most cost-effective material for treating the catchment surfaces. However, routine 
maintenance and replacement is necessary to achieve maximal and efficient runoff collection. 

4.28 Peculiarities of Runoff Generation in Deserts (The Kyzylkum 
Desert as an example) 
Sobirjon Azimbaev, Obidjon Azimbaev, Nilufar Turdieva 
Institute Of Water Problems 
Uzbek Academy of Sciences 
Tashkent, Uzbekistan 
email: aprip@itc.silk.org 

The source of nutrition for temporary water drains in Central Kyzylkum is rain and sometimes thawed 
snow. Observation of the formation of drains (G. T. Leshinsky, 1963) shows that water gates, formed 
by takir and takir sort soils, precipitation in quantity of up to 3-5 mm for the period of one rain does 
not usually cause drains. They are completely spent on infiltration and for surface detention in 
microfall comprising so-called initial losses of drain. At very damp soil or at downpours initial losses 
are several times less. So, precipitation in 5 mm with intensity 0,10 mm/mm already form a drain. 

In water gates formed by loamy-sandy soil earth, initial losses of drain in dry water gates reaches 20-
26 mm and sometimes even more. It means that the intensity of precipitation, particularly in the 
autumn and spring, usually does not exceed intensity of infiltration of these soils. In very moist soil or 
in downpour the initial losses are less. Research of G.T. Leshinsky shows, that the precipitation in 5 
mm with intensity 0.10 mm/min already forms drain. 

According to the data of Gidrometcenter maximum relative number of cases of drain-forming rain 
(8.5-14.3%) is observed under precipitation of 5-10 mm, under precipitation exceeding 20 mm, it is 
insignificant at less 2 %.  A number of drain-forming rains with precipitation more than 5 mm – from 
3 to 8. 

Calculations are based on the method of N. M. Alushinskaya (1959) for possible collection of 
atmospheric precipitation under their various intensity in the area situated between mountains 
Kuljuctau and Auminzatau. 

It is clear that the volume of surface drain for one rain (sum of precipitation – 10 mm, average 
intensity of rain – 0.5 mm/min) for the water gates with an area of 2700 m2 equals 518 m3 of water 
from the same area under the intensity of rain 0.1 mm/min and 1296 m3 of water can be collected. 
Similar calculations are done for the areas with various lithological structure under the various sums 
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of precipitation per rain and its intensity and different areas occupied by water gates, in different 
geomorphological conditions of Central Kyzylkum. 

The use of a small part of potential water resources permits to improve drinking and pasture water 
supplies in various desert regions. 

4.29 Rainwater Harvesting For Supplemental Irrigation: Promising 
Technology for Enhancing Food Security in Semiarid Areas 
Stephen N. Ngigi 
Kenya Rainwater Association/University of Nairobi 
email: gharp@wananchi.com 

Abstract 

It is evident that irrigation continues to play a major role in poverty alleviation by providing food 
security, protection against famine and expanded employment opportunities.  However, irrigation has 
only been possible where there are adequate developed water resources.  In the absence of this, 
especially in the vast dry areas of Africa, rainwater harvesting has proved to be a viable alternative.  
This has been made possible by introduction of water saving irrigation technologies—precision 
irrigation—supplying just enough water during critical crop growing stages. 

The great economy of water use is of particular relevance in water scarce areas and this makes 
precision irrigation an important component of sustainable rural livelihood systems.  Due to un-
reliable rainfall, rainwater harvesting could only make a difference if the stored water is used 
prudently.  One way of doing this is the use of low-head drip irrigation systems.  In this paper, the 
development of a ‘local kit’ is presented.  The kit has been developed to address the shortcomings, 
among her factors, promoted by a number of agencies in Africa.  The shortcomings, among other 
factors, prompted the search of a simple locally developed drip kit that will address the identified gaps 
in the promotion of low-head drip technologies in Kenya.  Due to the minimum amount of water 
required, rainwater harvesting is an ideal source of water for the system.  Hence a combination of 
RWH and drip irrigation technologies could go a long way in addressing the problems of water 
scarcity and food security in dry areas as highlighted in this paper. 
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5 LEGAL AND POLITICAL ASPECTS OF RAINWATER 
HARVESTING 

PAPERS 

5.1 Legal Aspects of Rainwater Harvesting in Sub-Saharan Africa 
Hans Hartung and Christine Patschull 
FAKT Consult for Management, Training and Technologies 
Stuttgart 
Germany 
email: fakt@fakt-consult.de 

Introduction 

The major objective of water law is to establish a framework for the protection and control of water 
resources in a country. A water law defines the legal entitlement to water and identifies the rights and 
obligations tied to water use and thus provides the prescriptive parameters for its development. 

Until now, water laws don’t deal with domestic roofwater harvesting (drwh) as the direct collection of 
roof runoff and storage for later use. So far, drwh is working outside the legal framework on project-
level. Practitioners rather follow a strategy of creating facts without too much government 
involvement, instead of working on appropriate legislation. 

This practice limits drwh though. While individual village-level drwh projects may succeed in the 
short term, their long term sustainability may be severely tested in the absence of an appropriate 
institutional and legal framework at all levels. It is also unlikely that widespread replication of 
appropriate technologies and community-based implementation strategies will be achievable in the 
absence of supportive institutions at higher levels, even if a isolated project success may be possible. 
Moreover, we will show that the organization of the water sector has severe direct and indirect 
implications for the promotion of drwh and thus can’t be ignored.  

5.2 Rainwater Catchment Systems in Texas 
Hari Krishna 
Texas Water Development Board 
email:hari.krishna@twdb.state.tx.us 

Introduction 

Rainwater catchment systems (RCS) in Texas occur under two broad scenarios: land-based 
(agricultural), and roof-based (for household use). Under the first category, the practice of 
constructing ponds to collect runoff from land surfaces on farms and ranches is wide-spread 
throughout the state. In Texas, rural landowners can construct ponds with capacities of up to 200 acre 
feet (246,680 m3) for storing water for domestic and livestock use, without obtaining a permit. Those 
farm ponds are also often used for recreational purposes. The second category of RCS involves 
rainwater from roof surfaces collected through a guttering system that leads to a cistern or other 
containment system. This paper primarily relates to those kinds of rainwater harvesting systems. 
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Cisterns were used in Texas to collect and store water as far back as the mid-19th century. There is 
evidence of such systems being used in Central Texas until the 1930s and in some locations until the 
1940s. As groundwater exploration increased, and as municipal water distribution systems were being 
installed, the practice of harvesting rainwater in cisterns gradually became obsolete. It must be noted 
however, that the modern system of constructing reservoirs to collect surface runoff for meeting 
municipal demands is essentially a form of rainwater harvesting, but applied on a much larger scale.  

In recent years, rainwater harvesting has been receiving attention again in Texas due to several 
reasons. A primary factor is the inability of obtaining groundwater of good quality or in sufficient 
quantity in some parts of the State. The expense of drilling a well (which can cost up to US$15 per 
linear foot or $50 per meter), installing and maintaining a filtration system, water softener, and 
disinfection or other treatment systems can exceed the cost of a rainwater harvesting system. In 
unreliable aquifers, expending major capital costs for a well system may not be advisable. Another 
reason why rainwater harvesting systems are becoming more common in Texas is because people are 
preferring to live away from cities, in a country (semi-rural) environment, where municipal water 
distribution systems may not be available. Rainwater harvesting is also environmentally safe and 
enables the homeowner to become self-reliant, as far as his household water needs are concerned.  

5.3 Subsidies for Rainwater Use by Local Governments 
Ichiro Kita, Kouichi Takeyama, Kunihiko Kitamura, Shinagawa Akiko 
Faculty of Life and Environmental Science 
Shimane University 
Japan 
email: kita@life.shimane-u.ac.jp 

Introduction 

In recent years, the recognition of the importance of rainwater use has been increasing in Japan. 
Rainwater use in a narrow sense is the direct use of collected and stored rainwater, for example, its use 
as domestic water on islands that don’t have any other water sources and its use to flush toilets, water 
the garden, etc. in urban areas. Since a rainwater seepage facility can promote penetration of rainwater 
into underground, it is effective in conservation of groundwater. It stores rainwater temporarily during 
heavy rains and prevents rainwater from flowing out in a sewer or river in a short time. It contributes 
also to prevent floods in cities. Therefore the effects of using rainwater seepage facilities can also be 
considered rainwater use in a wider sense. 

In January of 1997, after the large earthquake in Hansin-Awaji, the city water system was seriously 
damaged. Although inhabitants were supplied with drinking water by water trucks, they suffered from 
the lack of domestic water. Rainwater use is expected could be of great help under such 
circumstances. In addition, even in a case of emergency, when lifelines are damaged by natural 
disasters, we expect stored rainwater to be used as an alternative to city water.  

The number of newly-installed rainwater use facilities has been increasing, mainly in comparatively 
large-scale public buildings. If their numbers grow, the effects they bring will also grow. Therefore 
they need to be installed in private offices and housing as well. Thus, subsidies for installing rainwater 
use facilities have been enacted by local governments to promote their further diffusion.  
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In this research, investigation was made on the existing situation of subsidy systems by local 
governments. 

5.4 Why to Promote Rainwater Catchment Systems in the 
Brazilian Semiarid Tropics? 
Johann Gnadlinger 
IRPAA 
Juazeiro 
Brazi 
email: ircsa@netcap.com.br 

Actual situation of rainwater catchment in the Brazilian semiarid tropics 

The 9th International Rainwater Catchment Systems Conference held in Brazil in 1999 gave a fresh 
impetus to grassroots and governmental organizations to tackle water demand and supply issues more 
seriously. Today, as a visible result there are cistern building programs underway in many parts of the 
Brazilian Semiarid Tropics (BSATs). Some 20,000 new cisterns have been built in the past two years. 

These initiatives converged in a big project called “One Million Cisterns for Northeastern Brazil”, 
carried out by non-governmental organizations and mostly financed by the government. The outcome 
of the program, however, is still uncertain since it depends on many factors, especially the prevailing 
political situation. Therefore consciousness raising among the people, organizations, technicians and 
politicians is still necessary. This paper explains why to use rainwater catchment systems in the 
BSATs. These reasons are important for the political discussion in Brazil and they might be useful for 
other semiarid regions of the world. 

The need for rainwater catchment systems in the BSATs 

Learning from experiences in China, where studies using the GIS - Geographic Information Systems- 
method to identify potential rainwater catchment areas (Mou, 1999) were used, I will present  maps of 
ranks of rainwater catchment demand for the BSATs, based on the two factors, rainfall and hydro-
geology, and a combination of both. 

5.5 Through Rainwater Harvesting to Sustainable Development 
Julianne Rugasira 
Uganda 
email: jrugasira@unicef.org 

Introduction 

Rakai district is situated in the South-western region of Uganda. The main cash activity is subsistence 
agriculture. The area is one of worst affected by the HIV/AIDS pandemic and has one of the highest 
percentages of orphans per household in the country. 

Rakai was among the districts benefiting from the South-West Integrated Project (SWIP) whose 
objective was to provide safe drinking water to rural communities. However, the potable use of 
ground water was highly constrained by poor water quality exhibited by high concentration of iron 
and possibly high levels of trace elements. This meant that the only option for provision of safe water 
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was rainwater harvesting. Rakai receives about 800 mm of rain annually, which made it conducive to 
promote domestic rainwater at household level. 

As a result the Rakai district administration looked around for partners to assist solving this problem. 
Many of the families in this district are child/widow headed households with orphans due to the AIDS 
epidemic in the area. The provision of safe water would pay a major role in the reduction of the 
burden for collecting water especially for the children and women.  

SIDA Nairobi was one of the partners that accepted to work with the Rakai administration to promote 
domestic rainwater harvesting.  

SIDA sponsored six Kenyan women experienced in water tank construction in early 1997 as 
consultants together with a technician to assist Ugandan women groups in Rakai to construct their 
own water jars and tanks. Two groups benefited from the training: “Katuntu Twekambe Women’s 
Group” and “Bakyala Kwekulakulanya women’s group.” The women groups had one common 
problem and a shared vision for clean and safe water. This was all it took to get the women moving! 

The groups were taught how to make 2 water tanks: a jar and a ferrocement tank, which costs Uganda 
shillings 160,000 (US$ 106) and 240,000 (US$ 159) respectively. The training lasted two weeks. 
After the training the two women groups embarked on the construction of tanks. The District Water 
Officer was very instrumental in the promotion of these groups. He introduced them to various donors 
and NGOs in the district for support with materials like cement, wire mesh etc. The district pledged to 
assist the groups on technical issues, mobilization, and promotion. With the technical issues and roles 
and responsibilities set the groups went to work. 

5.6 Rainwater Harvesting In South Asia: Education and Finance 
Karamat Ali 
Pakistan Water Partnership (PWP) 
706-WAPDA House 
Lahore 
Pakistan 
email: s.pwp@cgiar.org 

Introduction 

Rainwater is a major source of irrigation in many parts of Pakistan, India, Sri Lanka, Nepal, 
Bangladesh, Bhutan and the Maldives. About 60-70 percent of total cropped area is irrigated by 
watercourses and canals. Only about 30 percent of the area depends on rainfall. Since none of these 
countries channels rainwater into an integrated system, most of the rainwater mixes into the drainage 
effluent and is wasted. In some parts of India, rainwater is stored in water tanks for irrigation of crops, 
but due to non-availability of sufficient educational facilities and financial constraints, the practice of 
harvesting rainwater is very low in this region. 

Rainwater in the big cities goes to waste and no consideration is given to save this precious source of 
irrigation and drinking. In most of the areas, the drainage channels are covered but inlets are provided 
to add up the rainwater into drainable effluents. By maintaining separate small channels/drains to 
drain out and bring rainwater to a center place for storage and keeping it unmixed with drainable 
effluent, it can be optimally utilized for justified purposes. This objective can be achieved by 
educating people of the methods and ways to conserve rainwater and store it for future use. 
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The financing of such activities is also a point of consideration. In fact, a substantial amount is 
required to implement the idea of having two separate channels: one for drainable effluents and the 
other for rainwater conservation. The financing can be made partially through self-sponsorship (about 
70 percent of the total cost by the beneficiaries) and international and national/regional donor agencies 
(the rest 30 percent). Some of the works can be carried out by the beneficiaries by providing services 
instead of spending money over there. 

5.7 Water Access and Storage as Tools for Integrated Rural 
Development – Case Study in the South of Hebron Region 
Samar Husary, Roz Wiley-Al’Sanah, Mike Smith 
Palestine Hydrology Group 
email: samar.husary@excite.com 

Introduction 
The West Bank is a semiarid with very limited natural resources. The annual rainfall ranges from 100 
mm to 700 mm. The major water source is groundwater. The limited natural resources, the political 
dispute over the resources and the increased demand on water resources in the area due to the 
increasing population have increased the severity of water shortage problems in the region. Two areas 
have been identified as the poorest areas in the West Bank, i.e., Hebron District in the south and Jenin 
District in the north. As a response to the critical water conditions, DFID is supporting development 
projects in the area to help Palestinians. Hebron Water Access and Storage (H-WASP) was initiated as 
a pilot project in the region. The first investigation of the area revealed the selection of three villages 
(Anab Al-Kabir, Tuwani, and Ghuwein) for the pilot phase of the project. 

The overall objectives of H-WASP are to: 

• Promote the sustainable management and use of scarce water resources in the West Bank and 
Gaza 

• Act as pilot stage for a broader assistance program in the region to improve access to and 
storage of potable water in the remote rural areas of the southern Hebron 

• Maximise benefits to the poorest sections of the community, particularly by taking a demand 
driven approach to promote and support the development of sustainable livelihood 

• Promote a greater awareness of environmental, health, hygiene and financial sustainability 
issues related to water, and institutionalise knowledge and expertise in community-based 
approaches to water and sanitation.  
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5.8 Development of Rainwater Harvesting Projects in Sri Lanka 
Tanuja Ariyananda 
Lanka Rain Water Harvesting Forum 
No. 247, Wijekumaratunge Mawatha 
Kirulapone 
Colombo 5 
Sri Lanka 
email: tanuja@sri.lanka.net  

Introduction 

Sri Lanka has a average annual rainfall of 2400 mm with a range of 900mm in the dry zone and 5000 
mm in the wet zone. The rainfall is bi-monsoonal and varies both seasonally and spatially. In the dry 
zone more than two thirds of the rain falls during the wet season (NE monsoon) from October to 
March, of which 70% falls during the period October to December. The large variation in rainfall 
leads to spatial and seasonal variation in water supply. In the wet zone even though the rainfall pattern 
is fairly even, the terrain is hilly and rain runoff is high. Concentration of rainfall during a specific 
period in different zones causes water shortages during months of low rainfall. 

Sri Lanka has used rainwater for both domestic and agricultural use for many centuries. Traditionally 
rainwater is collected for domestic use from tree trunks using banana or coconut leafs or from rooftops 
into barrels, domestic containers and small brick tanks. In recent years we have seen a revival of 
rainwater harvesting and much research was conducted to improve the technology. In 1995, the 
Community Water Supply and Sanitation project initiated by the government of Sri Lanka with World 
Bank funds introduced rain water harvesting as a water supply option in the two districts Badulla and 
Matara. Since then, government and non-government organizations throughout the country have 
promoted this technology. 

The Lanka Rain Water Harvesting Forum network organization linking the technologies with the 
stakeholders has been successful promoting the concept as well as the technology in other parts of the 
country and to government agencies and non-governmental organizations. 

5.9 Now Is the Time for Global Marketing! 
Willem P. Boelhouwer 
AquaEst 
The Netherlands 
 email: WillemPBoelhouwer@compuserve.com 

Introduction 

Rainwater is steadily becoming recognized as an important source of water. But it still has some way 
to go before it is accepted as the norm for supplying quality drinking water, and it has yet to gain any 
significant share of the global market for drinking water.  

There are various reasons why this promising opportunity has been neglected. One of the most 
significant is the lack of any widespread, professionally planned marketing.  

Limited attention has been paid to positioning and promoting Rainwater Harvesting. Therefore, the 
business community has yet to grasp this opportunity and recognize its potential.  
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There is a need to create the right marketing mix to make the appropriate technology and product 
available at an affordable price. Local needs must be met, as must the need for distribution of products 
on a global basis. In addition, the idea of rainwater as a quality, uncontaminated source needs to be 
promoted.  

POSTERS 

5.10 Low Cost Rainwater Catchment Systems for the Poor in Arid 
Regions: Process and Procedure 
Edward Guzha 
Mvuramanzi Trust 
Harare 
Zimbabwe 
email: 237612@ecoweb.co.zw 

Introduction  

Surveys carried out by the Zimbabwe Rainwater Harvesting Association reveals that they was limited 
participation in rainwater harvesting activities particularly by the poor members of society. The 
communities during field studies gave a number of reasons for this limited participation; some of the 
most common reasons include the fact that; 

• Materials for rainwater harvesting were beyond the reach of many households 

• Lack of empowerment particularly for the women, men were making major water 
development investment decision in the home, distance and accessibility to the water source 
from the home was not considered a priority venture requiring capital investment by men. 
Most homesteads were predominantly thatched, water harvested from thatched roof was 
always tainted brown and considered unpalatable, and no technology was known to make that 
water palatable. 

• Lack of awareness among major water sector players on the potential of rainwater harvesting 
water option, most sector agencies considered large schemes such as big dams, piped water 
schemes and bore-holes as prestigious technologies and were not prepared to degrade 
themselves into implementing seemingly inferior technology options. Because of the above 
limitations rainwater harvesting was now being seen as an option for the well to do members 
of the society. 

Mvuramanzi Trust attempted to come up with manuals for alternative rainwater harvesting options 
that address the needs of the poor communities. These training manuals were being tried in the field, 
the rainwater harvesting designs discussed below were also practically implemented in several 
districts in Zimbabwe and the performance so far is quiet encouraging. The following is the 
procedures and processes of installing shad cloth cover and gutter on a thatched roof.  
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5.11 Rainwater Harvesting in Zambia – Challenges and 
Opportunities  
Glenda Mulenga Kasuba and Bob Muzyamba 
Zambia Rainwater Harvesting Association 
email: glendamm@hotmail.com 

Introduction 

Rainwater harvesting in Zambia is a new concept practised by a handful of farmers in the rural areas. 
Traditionally, rainwater is harvested either directly in an open bucket or indirectly through shallow 
wells dug along the riverbanks mainly for domestic purposes. Unlike in the past when only male 
oriented projects on rainwater where organised, the need to include women who are indeed the main 
users of domestic water has been identified. 

The needs of women and men regarding water differ vastly in a developing country where 
traditions and culture does not recognise the voice and problems of women. Women like men 
are fighting to have access to and control of resources such as water, and to be able to make 
decisions, both at community and household levels.  

A successful integrated water resource management should call for a cross sectional approach 
to the planning, development use and protection of water resources. Training in rainwater 
management should take into consideration the gender differences and inequalities, if 
development interventions are to be effective. 

5.12 Community Development of Water Pans in Nyakach - An 
ICRAF/ Ministry of Agriculture Initiative 
J.A.Ouko 
Kenya 
email: akoko@passage.africaonline.com 

Introduction 

Kenya with population of 29 million has more than half its people living in the Lake Victoria basin. 
Though the community has vast natural resource potential, the economic infrastructure, environmental 
and institutional constraints have prevented substantial success in community livelihood systems. 

Enormous erosion flooding and drought characterize the lake basin 

These features result into low land productivity in this area. Land degradation is of major concern not 
only for the health of the lake, but also for the food and livestock security of it’s rapidly expanding 
populace. In addition, limited economic activities whose profitability is worsened by poor 
infrastructure and weak local institutions diminish the capacity of the affected communities to 
optimally explore and utilize the available development opportunities. 
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5.13 Rainwater Harvesting Possibilities and Challenges in Kenya 
Julius M. Wanyonyi 
Kenya Rainwater Association (KRA) 
P.O.Box 72387 
 Nairobi 
Kenya 
email: kra@africaonline.co.ke  

Abstract 

This paper examines the possibilities and challenges of rainwater harvesting in both rural and urban 
areas of Kenya. The problems of water shortage in urban areas and the high costs of developing new 
surface water sources, the scarcity and poor quality of ground water supplies in arid and semiarid 
lands (ASALs) and the unmanageable operation and maintenance costs of large piped water supplies 
are alarming. Therefore the willingness of the people, particularly in arid and semiarid areas, to 
embrace low cost initiatives like rainwater harvesting is but a challenge in itself. The solutions 
suggested emanate from the grassroots community projects that are organisation members of the 
Kenya Rainwater Association, the author's experiences in water sector as an engineer and 
recommendations from household rainwater harvesting workshops.  

5.14 Public/Official Support and Awareness Creation: Promoting 
Rainwater Harvesting in Uganda 
Paito Obote 
email: wateraid@africaonline.co.ug 

Rainwater Potential 

Uganda has an average rainfall of 1200mm per year with a minimum of 500mm in the semi-arid 
north-eastern region and a maximum of over 2300mm in lake Victoria (figure 1). Roughly, the 
southern half of the country receives bimodal rainfall with the first rains falling in March – May and 
the second rains falling in September – November; the Northern half of the country receives unimodal 
rainfall between April and October/November with a marked decrease in June and July. Generally the 
country can be divided into five main climatic zones [Rugumayo, 1995] i.e.: 

• The lake Victoria Basin and Central Region with annual rainfall ranging form 1100 – 
2000mm, the first rains being heavier. 

• West and Southwest Region with annual rainfall ranging from 800 – 1600mm annually, the 
second rains being the heavier. The area is generally semi-arid to moist humid except for the 
Northwest and the Southwest parts having the heaviest rain. 

• Northwest and North-central Region with annual rainfall ranging from 1200 – 1600mm. 

• North – East Region is increasingly semi-arid to arid in the eastern part with the annual 
rainfall varying between 600 – 1500mm, the rains fall in April – October. 

• East and Central Region is the transitional zone between bimodal and unimodal rainfall 
patterns with high rainfall variability between July and November. Rainfall varies from 1100 
– 1600mm. 
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Uganda therefore receives on average substantial and well-distributed rainfall annually and the 
potential for rainwater harvesting as a source of freshwater supply for domestic and productive use is 
quite high. 

5.15 Community Rainwater Harvesting Structures for Dalit Habitats 
S. Ayyankalai 
Mass Action for Social Welfare 
Tamil Nadu 
India 
email: masw_pvo@rediffmail.com 

Introduction 

Water is an essential resource, covering basic human needs. The world’s thirst for water is likely to 
become one of the most pressing resource issues of the 21st century. Global water consumption rose 
six fold between 1900 and 1995 more than double the rate of the population growth. Surface water 
supplies are Literally shrinking and ground water reserves are being depleted faster than they can be 
replenished by precipitation. Water crisis started gaining momentum and is likely to accelerate further 
in future. 

5.16 Action Research on Rainwater Harvesting in Bangladesh 
S.M.A. Rashid 
Executive Director 
NGO Forum for Drinking Water Supply & Sanitation 
Bangladesh 
email: ngof@bangla.net 

Introduction 

NGO Forum for Drinking Water Supply & Sanitation (NGO Forum) implemented the first year of its 
"Action Research on Rainwater Harvesting in Bangladesh" in April 2001. This action research 
exclusively dealt with the rainwater harvesting related issues and was implemented covering only 
eight villages of two thanas (sub-districts) falling under Rajshahi district in western Bangladesh. 
Agriculture is the main occupation of 75% villagers, while the rest are either businessmen or service 
holders. People are generally conservative, and both the sexes maintained defined roles in society. 
Widely known as the "low-water table area", the project areas are reported to be severely arsenic 
affected. From the available data, it is found that the average annual rainfall of those areas is around 
1400 millimetres, where 75% fall between the months of April and October. Prior to the intervention 
made by NGO Forum, groundwater was used as the sole source of drinking water in those areas. The 
villagers did not have any clear concept about the usefulness of rainwater harvesting. Taking all these 
issues into consideration, the action research was launched with the aim of demonstrating that 
rainwater harvesting can provide a suitable, safe, socially acceptable and sustainable alternative source 
of water for drinking and cooking for 8-10 months of the year. The specific objectives of the project 
are as follows: 

• to assess technical requirements for the construction of efficient rainwater harvesting systems; 
to test and improve upon existing models (especially with respect to cost effective tank design 
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for various sizes); to consider the role of private sector and the householder in establishing the 
facility; 

• to demonstrate, test and promote rainwater harvesting systems in arsenic affected areas 
through participatory strategies;  

• to introduce and test "do-it-yourself" models for the hardcore poor; 

• to monitor and document the construction and performance of the rainwater harvesting 
systems in terms of user acceptance and user friendliness, water quality, water security and 
general system management; 

• to develop construction manuals and procedures for implementation of rainwater harvesting 
systems as an option in rural water supply. 

5.17 Watersheds in the New Millennium: Can Rainwater Harvesting 
Drought-proof India? 
Sudhirendar Sharma 
Energy Environment Group 
7 Triveni 
A6 Paschim Vihar 
New Delhi 110063 
India 
email:sudhirendar@vsnl.net 

Introduction 

India’s substantial investment in rural development during the past five decades of post-independence 
era has not produced matching transformation on the ground. With focus of development being largely 
sector specific, the impact has rarely reached the rural poor.  Consequently, sustainable transformation 
of rural ecosystems with people’s participation has remained isolated and scattered. 

People’s participation, the key to community-centered development, has remained largely stuck in the 
`you participate in my programme’ mode. As a result, for lack of community ownership the impact of 
investment in rural development and natural resource generation has not been effective and long 
lasting.  

The recent impetus to already-existing watershed development programmes is a policy response to 
reverse the prevailing malaise in integrated rural development programmes. The experiences, as of 
now, are quite varied, ranging from about a dozen very successful projects to a large number of non-
effective projects.  But wherever enterprising community groups had decided to better their 
circumstances with some external assistance, they were able to improve their socio-economic 
conditions considerably in a relatively short time span. 

Sukhomajri project in Haryana and Adagaon project in Maharashtra, to name a few, have clearly 
demonstrated that eco-restoration is possible in highly degraded lands and that it can regenerate local 
economies and alleviate poverty in a sustainable and cost-effective manner. Today, these initiatives 
are particularly important because they have now matured. An advanced level of ecological 
succession has now reached and their economic impact is clearly visible.  However, the numbers of 
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such successful projects continue to be limited. Nevertheless, the success of some of these projects has 
given an added impetus to watershed development in the country. 

5.18 Domestic Rainwater Harvesting in Sri Lanka's Conflict Areas 
(North and East) 
Deva Hapugoda 
Colombo 
Sri Lanka 
email: psg@sri.lanka.net 

Summary 

The paper describes the work done recently by the Lanka Rain Water Harvesting Forum in the North 
and East of Sri Lanka where a civil armed conflict is going on for over 15 years. The experience 
highlight the special advantages of rain water harvesting, as a potable water supply option for a 
disturbed civil community. The approach, and the technical options applies can be considered for 
other areas under similar unfortunate situations. The social aspect of the paper describes how people 
from conflicting communities found a common platform and a language to discuss rainwater 
harvesting. The interest of local and international NGO trying hard to improve the human suffering. 
This include visits to demonstration sites constructed in the conflict areas as mixed groups of all 
communities. Lastly the paper depicts possible scenarios, including advantages and problems of 
rainwater harvesting in civil armed conflict areas, where the life of the community can hope for a little 
more security in water, the most important basic human need.  

5.19 Ecological Sanitation - Dehydration Toilets 
Hans Schattauer  
Dept. for Sanitary Engineering and Water Pollution Control (SIG) 
Institute for Water Provision, Water Ecology &Waste Management (IWGA) 
University of Agricultural Sciences 
Vienna 
Austria 
email:mail@iwga-sig.boku.ac.at 

Introduction 

The two most commonly used sanitation technologies today are pit toilets (drop and store 
indefinitely)and flush toilets (flush and forget).A flush toilet is basically a machine for mixing human 
urine, faeces and water. The mixture is than removed from private responsibility by sewers making 
communities responsible for proper disposal. Conventional waterborne sewage systems have proven 
to be inappropriate to solve sanitation needs in developing countries. It is too costly and approx.90%of 
the sewage is discharged untreated, contaminating ground waters, rivers, lakes and coastal areas. 

At the same time soil-fertility is decreasing and nutrients from human urine, rich in nitrogen and 
phosphates would be needed in agriculture. 

There is an enormous challenge to rethink and to raise the status of sanitation and a need for new 
approaches, techniques and methods. 
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Ecological sanitation as a closed cycle of nutrients in the eco-system could help to overcome these 
problems, taking care of the environment by protecting resources underground, upstream and 
downstream of the settlements. 

5.20 Technical and Ecological Visions of Rainwater Harvesting 
Systems 
Yu-Si Fok 
Dept. of Civil Engineering & Researcher of Water Resources Research Center 
University of Hawaii at Manoa, 2540 Dole St. 
Honolulu, Hawaii 
USA 
email: fok@wiliki.eng.hawaii.edu 

The Use of Appropriate Technology in RWHS 

The use of appropriate technology in RWHS is vital for its success in sustainable use. Because users 
can afford to buy, to develop and to maintain their RWHS, they should be informed that there are 
many ways to get water for their use. However, many modern technological water systems are high in 
cost, beyond many developing countries' ability to afford them. For example, if the RWHS need 
higher technology skills in operation and maintenance than the users' ability; then the systems are not 
appropriate for them. If the systems malfunction, the users would not be able to repair them. 
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