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1. Introduction

With global consumption continuing to expand, and with the world’s population expected to add another 2.5 billion people to the planet by 2050, questions are beginning to emerge about whether the world’s natural resources will continue to suffice.

Mankind's most serious challenge in the 21st century might not be war, or hunger, or disease, or even the collapse of civic order: it may be the lack of freshwater. 
Population growth, pollution and climate change, all accelerating, are likely to combine to produce a drastic decline in water supply in the coming decades, according to the World Water Development Report (WWDR). And, of course, that supply is already problematic for up to a third of the world's population.
At present more than 1 billion people lack access to clean water and almost 3 billion lack access to proper sanitation, nearly all of them in the developing countries. Yet the fact that these figures are likely to worsen remorselessly has not been properly grasped by the world community, the report says. "Despite widely available evidence of the crisis, political commitment to reverse these trends has been lacking." 
Faced with "inertia at the leadership level and a world population not fully aware of the scale of the problem", the global water crisis will reach unprecedented heights in the years ahead, with growing per capita scarcity in many parts of the developing world. And that means hunger, disease and death.

The purpose of this paper is to find new or, at least, long-lasting solutions and ways on how we can live well, while sustaining the planet’s other species and living within the capacity of one Earth.
Solutions for managing water depend on cooperation for managing rivers and wetlands, resisting harmful infrastructure as a first option, curbing water waste in agriculture and reducing poverty as a result of strong environmental policies.

Natural resources in wetlands and rivers represent billions of dollars in economic benefits and a vital life support system on which people, animals and plants all depend. We need to create and implement some new strategies if people and nature are to benefit from these important and vital natural resources. Further degradation is not an option. There are alternatives at our disposal for meeting needs for food, energy, water and transport. 
Governments need to draw up credible plans and strategies for tackling the crisis in water and sanitation, through a global action plan, focusing international efforts to mobilize resources and political action by putting water and sanitation front and centre on the development agendas.
2. World Water Day
The World Water Day, which is celebrated each year on March 22, had this year's theme highlighted the increasing significance of water scarcity worldwide. The need for increased integration and cooperation to ensure sustainable, efficient and equitable management of scarce water resources, both at international and local levels, were the main subject of this recent meeting.
This year, states were invited to devote the Day, as appropriate in the national context, to concrete activities related to the conservation and development of water resources. The implementation of the recommendations of Agenda 21 - Chapter 18, from the United Nations Division for Sustainable Development, was related to “Freshwater Resources”.

The theme for this year’s World Water Day is “Coping with Water Scarcity.” In his message for World Water Day, U.N. Secretary General Ban Ki Moon captures the frightening picture of what the world faces: “Today, about 700 million in 43 countries suffer from water scarcity and by 2025 this figure could increase to more than 3 billion people."
Crossing the developing world, unclean water is an immeasurably greater threat to human security than violent conflict, according to the United Nations’ Report, entitled “Beyond scarcity: Power, poverty and the global water crisis.”
Each year 1.8 million children die from diarrhoea that could be prevented with a glass of clean water and a toilet; 443 million school days are lost to water-related illnesses; and almost 50 percent of all people in developing countries are suffering, at any given time, from a health problem caused by a lack of water and sanitation. To add to these human costs, the crisis in water and sanitation holds back economic growth, with sub-Saharan Africa losing five percent of GDP annually—far more than the region receives in aid.
2.1. Policy Brief – Water, Health and Ecosystems
Global freshwater consumption rose six-fold between 1900 and 1995 – at more than twice the rate of population growth. Yet for many of the world’s poor, one of the greatest environmental threats to health remains lack of access to safe water and sanitation. Over 1 billion people globally lack access to safe drinking-water supplies, while 2.6 billion lack adequate sanitation; diseases related to unsafe water, sanitation and hygiene result in an estimated 1.7 million deaths every year.
2.2. Diseases
Poor access to sufficient quantities of water also can be a key factor in water-related disease, and is closely related to ecosystem conditions. About one-third of the world's population lives in countries with moderate to high water stress, and problems of water scarcity are increasing, partly due to ecosystem depletion and contamination. Two out of every three persons on the globe may be living in water-stressed conditions by the year 2025, if present global consumption patterns continue.
A lack of water to meet daily needs is a reality for many people around the world and has serious health consequences. Globally, water scarcity already affects four out of every 10 people. The situation is getting worse due to population growth, urbanization and increased domestic and industrial water use.
This fact highlights the health consequences of water scarcity, such as diarrhoeal diseases including cholera, typhoid fever, salmonellosis, other gastrointestinal viruses, and dysentery.
2.2.1. Diarrhoea
Diarrhoea is the most important public health problem directly related to water and sanitation. The simple act of washing hands with soap and water can cut diarrhoeal disease by one-third. Next to providing adequate sanitation facilities, it is the key to preventing waterborne diseases.
About 4 billion cases of diarrhoea per year cause 1.8 million deaths, over 90% of them (1.6 million) among children under five. Repeated episodes of diarrhoeal disease make children more vulnerable to other diseases and malnutrition, mainly in low and middle-income countries.
2.2.2. Cholera
Cholera is an acute bacterial infection of the intestinal tract. It causes severe attacks of diarrhoea that, without treatment, can quickly lead to acute dehydration and death. Cholera is a world-wide problem, especially in emergency situations. It can be prevented by access to safe drinking water, sanitation and good hygiene behavior (including food hygiene). In 2002, over 120,000 cholera cases were reported worldwide.
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2.2.3. Malaria
Malaria is a serious disease caused by a parasite carried by certain types of mosquitoes. Humans are infected when bitten by the mosquitoes. Each year, there are 300 million to 500 million cases of malaria throughout the world and about 1 million child deaths. Reducing the mosquito population in households and communities by eliminating standing water (caused by poor drainage and uncovered water tanks), can be an important factor in reducing malaria cases.
It urges everyone to take responsibility by conserving, recycling and protecting water more efficiently.
3. Living Planet Report

The Living Planet Report is published every year by WWF – Global Conservation and Environmental Organization, which is a periodic update on the state of the world's ecosystems. It describes the changing state of global biodiversity and the pressure on the biosphere arising from human consumption of natural resources.

The Living Planet Report - 2006 has published:  “The global trend suggests that we are degrading natural ecosystems at a rate unprecedented in human history.” It meant that humanity’s demands have exceeded our planet’s capacity to sustain us.

By 2050, humanity’s demand on nature will be twice the biosphere’s productive capacity. At this level of ecological deficit, exhaustion of ecological assets and large-scale ecosystem collapse become increasingly likely. Last year, the Report was built around two indicators: the Living Planet Index and the Ecological Footprint.
3.1. The Living Planet Index: Reflects the health of the planet’s ecosystems. It measures trends in the Earth’s biological diversity.
- Between 1970 and 2003, the index fell by about 30%.
3.2. The Ecological Footprint: Shows the extent of human demand on these ecosystems. The Ecological Footprint tracks this in terms of the area of biologically productive land and water needed to provide ecological resources and services.

- Since the late 1980s, the Ecological Footprint has exceeded the Earth’s biocapacity – as of 2003 by about 25%.
This year another indicator was added to the WWF’s Report:
3.3. The Freshwater Living Planet Index: Shows the current health of the world’s freshwater ecosystems as compared to 1970.

a) The Freshwater Living Planet Index shows an approximately 28% decline in the period between 1970 and 2003.
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b) Temperate and Tropical Freshwater Living Planet Indices: Tropical and Temperate species populations declined by about 30% overall between 1970 and 2003.
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Some of the main causes of decline in this Index are: pollution, habitat destruction, invasive species, overfishing and the disruption of river systems for water supplies. 
Irrigation, hydroelectric power, alteration and damming of river systems for industrial and domestic use have fragmented more than half of the world's large river systems. Worldwide, the amount of water stored in reservoirs behind dams is 3 to 6 times the quantity contained in rivers.
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Biodiversity suffers when the planet's biocapacity cannot get along with human consumption and waste generation. This growing pressure on ecosystems is causing degradation, habitat destruction and permanent loss of productivity, threatening both biodiversity and human well-being.
Rivers on every continent are drying out, threatening severe water shortages to mankind. These rivers symbolize the current freshwater crisis, which have been highlighted for years.
"Poor planning and inadequate protection of natural areas mean we can no longer assume that water will flow forever. Like the climate change crisis, which now has the attention of business and government, we want leaders to take notice of the emergency facing freshwater now not later,” says WWF Global Freshwater Programme Director Jamie Pittock. “Conservation of rivers and wetlands must be seen as part and parcel of national security, health and economic success. Emphasis must be given to exploring ways of using water for crops and products that do not use more water than necessary.”

About ten rivers are dying rapidly as a result of dams, pollution and climate change. Five of these ten rivers are in Asia alone. They are the Yangtze, Mekong, Salween, Ganges and Indus. Europe’s Danube, the Americas’ La Plata and Rio Grande/Rio Bravo, Africa’s Nile-Lake Victoria and Australia’s Murray-Darling.
Dams along the Danube River have already destroyed 80% of the river basin’s wetlands and floodplains, to quote an example of this sad and painful reality. Even without warmer temperatures threatening to melt Himalayan glaciers, the Indus River faces scarcity due to over-extraction for agriculture. Fish populations, the main source of protein and overall life support systems for hundreds of thousands of communities worldwide, are also being threatened. 
4. Water Scarcity and Water Stress

In popular usage, 'scarcity' is a situation where there is insufficient water to satisfy normal requirements. However, this common sense definition is of little use to policy makers and planners. There are degrees of scarcity - absolute, life-threatening, seasonal, temporary, cyclical, etc. Populations with normally high levels of consumption may experience temporary 'scarcity' more keenly than other societies, who are accustomed to use much less water. Scarcity often arises because of socioeconomic trends having little to do with basic needs. Defining scarcity for policy-making purposes is very difficult.
Water scarcity occurs when the amount of water withdrawn from lakes, rivers or groundwater is so great that water supplies are no longer adequate to satisfy all human or ecosystem requirements, bringing about increased competition among potential demands. Scarcity is likely to occur sooner in regions where the per capita availability of water is low to start with, and with high population growth. It becomes more serious if demand per capita is growing owing to changes in consumption patterns.

4.1. Water Scarcity, a Quiet Crisis

Water is life for people and for the planet. Freshwater is, by itself, the most precious element of life on Earth. It is essential for the satisfaction of the basic human beings’ necessities, such as: health, food production, energy and for the maintenance of regional and world-wide ecosystems. Despite the great carelessness and lack of vision among several countries related to this resource, it is predictable that human beings have a strong respect for water: keeping its natural reservoirs and safeguarding its pureness. In fact, the future of human being and many other species can be in serious troubles, unless a significant improvement occurs in the management of terrestrial water resources.

Access to water is already one of the boundary factors for the socioeconomic development in many regions. Its lack or contamination leads to the reduction of life spaces and causes, beyond immense human costs, a global loss of social productivity. The competition uses for agriculture, hydroelectric power, industry and human supplying have generated geopolitical and socioenvironmental conflicts, and have affected directly great part of the Earth’s population. More than 2.6 billion people lack basic sanitation and more than a billion continue to use improper water sources for consumption. Due to the lack of clean water in the world, half of available hospital stream beds are occupied and about millions of people, children in its majority, die annually. Despite these frightful data, the problem of water is a quiet crisis.

The quality and amount of water have direct impacts in the poor populations’ lives, in their health and vulnerability in all sorts of crises. It also greatly affects the environment, the capacity of ecosystems in supplying environmental services, and the probability of environmental disasters. In the whole world, the lack of sanitary measures and treatment of sewers pollutes rivers and lakes; water reservoirs are quickly exhausted and contaminated for inadequate methods of exploitation; superficial waters are over explored by the irrigation and polluted by crops medicines; fish populations are overexploited, humid areas, rivers and other regulating water ecosystems are drained, canalized, dammed and deviated without planning. Freshwater supplies are being intensely diminished by daily ousting of 2 million tons of pollutants (human dejections, garbage, poisons and many other effluents, agriculturists and industrials), in the rivers and lakes. Salinity, as well as arsenic contamination, fluorides and other toxins, threaten drinking waters supply in many regions of the world.

One of the most perverse consequences of this ill use is water exclusion. Today, only half of developing population has safe access to drinking water. Scarcity of water will increase significantly in the next years, due to the increase in the per capita water use and the effect of climatic changes. The increase of population and income reflects directly on water consumption increase, as well as in the production of pollutant residues. Urban population of developing countries will increase drastically, generating a demand much bigger than its capacity, already inadequate, of water and sanitation supply infrastructure. In 2050, at least one in four people probably will live in a country affected by chronic or recurrent scarcity of drinking waters. It will restrict seriously the availability of water for all purposes, particularly for agriculture, that currently answers for 70% of all the consumption. The lack of conciliation between all these uses and functions of water, the increase of demand already allied to the existing conflicts and the difference in power, between decision makers created a new category of social injustice: water exclusion - "people without water".

The scenario of scarcity provoked by degradation and irregular distribution generates internal conflicts, also among the nations. Some civilizations have used it as a way to exert power over other peoples and geographic regions. An example of modern conflict is lived among Palestinian and Israelis. Israel depends on the underground waters in the Palestinian’s occupied territory and removes about 30% of the availability of the aquifer, compromising the reservoir capacity of recharge.

The water supply is already greatly different. Asia, with 60% of the world-wide population, withholds only 36% of world-wide freshwater. The disparities will continue to grow. In 2050, if deep changes do not occur, the scarcity of water affects 7 billion people in 60 countries. It is a quiet crisis; a crisis of the ones who do not have voice.

4.2. Water and the Millennium Development Goals – MDG

The Millennium Development Goals (MDGs) have set us on a common course to push back poverty, inequality, hunger and illness. The world has pledged to reduce by half the proportion of people without sustainable access to safe drinking water and basic sanitation. Entering the International Decade for Action, Water for Life, 2005–2015, this report looks at the challenge of meeting the MDG target for drinking water and sanitation. Achieving the MDG’s targets poses two major challenges: a rapid pace of urbanization, which requires a major effort even to keep up the current coverage levels; a huge backlog of rural people lacking basic sanitation and safe drinking water. This action calls for an intensive mobilization of resources to reduce the vast coverage gap between urban and rural populations.
As affirmed Nitin Desai, Secretary General of the World Summit on Sustainable Development, “There is no way, in which we can get sustainable development in any conceivable sense of the term, if we do not address the issue of sustainable water use”. It is really impossible to improve the difficult situation of the poor in the world, without making something related to the quality of basic resources, on which they depend on: land and water resources. The improvement of water uses is decisive for all of the other dimensions of sustainable development. For the United Nations Development Programme (UNDP), water is a catalyst in the efforts to help developing countries in the fight against hunger and poverty, in safeguards the health of human being, in the reduction of infantile mortality and in the management and protection of the natural resources.
During the Conference of the Millennium, organized by the United Nations in September, 2000, 191 countries - the majority represented by its policy makers or governments - had subscribed the Declaration of the Millennium. The document had established a set of objectives for development and eradication of the poverty in the world, the Millennium Development Goals – MDG.

The UN Millennium Development Goals are:

· Goal 1: Eradicate extreme poverty and hunger:

· Goal 2: Achieve universal primary education:

· Goal 3: Promote gender equality and empower women:

· Goal 4: Reduce child mortality:

· Goal 5: Improve maternal health:

· Goal 6: Combat HIV/AIDS, malaria and other diseases:

· Goal 7: Ensure environmental sustainability:

· Integrate the principals of sustainable development into country policies and programmes; reverse loss of environmental resources;
- Reduce by half the proportion of people without sustainable access to safe drinking water;

- Achieve significant improvement in lives of at least 100 million slum dwellers, by 2020.
· Goal 8: Develop a global partnership for development:
The first Human Development Report - HDR came at a time when concern about balanced budgets and payments seemed the most important international priority than concern for people. The HDR series and subsequent national, sub-national and regional Human Development Reports advocate a shift in the development debate away from a sole concern with economic growth, toward to a balanced concern for equity, sustainability, productivity and empowerment.

"No measure could contribute more to reduce the incidence of illnesses and save lives in the developing world, than the supply of drinking waters and adequate sanitation for all". This affirmation of the former Secretary General of the United Nations, Kofi Annan, defines categorically the major role that water and sanitation play in the eradication of poverty, and to assure the sustainable human development.

In the context of the MDGs, water plays a central role due to its importance to promote economic growth and to reduce poverty, to offer food security, to improve the environmental health conditions and to protect ecosystems. Expansion of the access to domestic water supply and to services of sanitation will contribute to the reach of some Millennium Development Goals, since water is intrinsically on them. It is hard to imagine significant advances without first assuring that people have an ever-lasting and trustful supply of water and adjusted sanitary installations.

4.3. The Crisis of Water in Brazil

Brazil withholds 12% of world freshwaters reserves. About 70% of this total in the Amazonian’s Basin, where population density is the minor of the country. On the other hand, the poorer barren region of Brazil, the Northeast, where about 28% of the whole population lives, possess only 5% of freshwater. High density population, pollution and agriculture, allied to the vision that water is an ever-lasting resource, is provoking an increase in the scarcity of safe and drinking water, in the South and Southeastern regions of the country, where 60% of the population live.

Levels of water supply show that it has enormous disparities between rich and poor regions. The most wronged are those who live in slum quarters, peripheries and small cities. Basic sanitation only reaches 56% of urban houses and just 13% of agricultural ones.
Sub-goal n. 11 establishes that, by 2020, it must achieve significant improvement in the quality of life of 100 million slum-dwellers in the whole world, including access to sanitary sewer. The data analysis demonstrates that it has diminished, in relative terms, - the ratio of the population without access to sanitary sewer - although in absolute number, Brazilian population has increased, as well as the population without access to these services. In fact, in 1991 it had 75.1 million people (61.6%) without access to sewer net and, in 2000 this number went up to 93.7 million, equivalent to 55.6% of the inhabitants. If this rhythm of percentage continues the same, in 2015 it still will have 45.5% of the population without access to sanitary exhaustion. This projection of data indicates that little less than a half of Brazilian population (42.3%) would continue without access to the sewer net in 2020. These disparities demonstrate how much Brazil still has to grow in this area.

4.4. Access to Water and Sanitation is an Ethical Issue
The water crisis is increasing, even with some advances to reach the goals established in 2000. The Millennium Development Pact was established to develop a plan of action that qualifies developing countries to achieve the goals and turnover the slaughter of poverty, hunger and of illnesses that reaches billions of people. Teams of ten task-forces of the Millennium Project, congregating 265 specialists of the whole world, had been defied to diagnosis the main impediments to achieve the Millennium Development Goals, and present recommendations of how to surpass the obstacles, placing nations in the right way to reach the goals up to 2015.

In the beginning of 2005, the task-force on Water and Sanitation recommended critical actions to decrease the global water crisis and sanitation, and promote the adequate management of the water resources. Among these actions are:

- National governments, decision makers and other involved parts must assume the commitment to define the crisis of sanitation as maximum priority in their agendas.
- Investments in water and sanitation must be extended and must focus the sustainable provision of services, instead of just constructing installations.

- Governments and endower agencies must enable local communities with authority, necessary resources and professional capacity for the management of water supply and the provision of sanitation services.

- Inside of the national strategies context for poverty reduction, countries must elaborate a coherent developing and management plan for water resources.

- Innovation must be stimulated to accelerate the progress and, thus, reach various Millennium Goals simultaneously. For example, the development of new techniques of water reutilization from agriculture could increase harvests income and reduce hunger, also improving sanitation.

- Coordinating mechanisms must be implemented to improve and evaluate the impact of the activities, financed by international agencies in the national scope.

These recommendations show clearly that, after seven years, the United Nations continues calling countries to assume the safe access to drinking water as maximum priority in its agendas. These goals basically aim to reduce the huge social injustice related to the access of save water and basic sanitation for all inhabitants of the globe. According to the task-force it will not require colossal amounts of money to reduce by half the proportion of people without sustainable access to safe drinking water.

As has affirmed Mohamed Bouguerra, geographer, psychologist and pedagogist, who heads the World Water Program of the Alliance for a Responsible Plural and United World, “water supply is a priority for society as a whole and, to this respect, cooperation and responsibility-raising activities in this domain should urgently be developed a world level.” Water supply for humanity is narrowly articulated to the priorities established for human beings. The uses we give to water reflect, ultimately, our deeper values. "Water is, primarily, a matter of politics and ethics. There is no other question that deserves more attention from mankind. It determines the universal peace and future of all living creatures".

According to Dr. Wally N'Dow, the Secretary General of the Second United Nations Conference on Human Settlements (HABITAT II), great part of the social and political conflicts in the future will not be related to petroleum, but they will be provoked by disputes related to water. Today it is practically a consensus.

The widespread idea of René Dubos, an advisor to the United Nations Conference on the Human Environment, in 1972, 'Think Global Act Local', is not very relevant as far as water is concerned. Inasmuch it does not consider the local dimension of the problem, intermediate stage where the management of the river basin and the sharing out of the resource take place. Today we need to formulate a global water policy, based on ethics that would be used as a guide for the sharing out of this precious resource.

5. Irrigation and Poverty Alleviation
5.1. The Picture in Brief

 

Irrigation has played a major role historically in poverty alleviation by providing food security, protection against famine, and expanded opportunities for employment both on and off the farm.  Development of irrigated agriculture has been a major engine for economic growth and poverty reduction.
  One example of success in poverty alleviation has been in Eastern India and Bangladesh. Here the spread of low-cost tube well irrigation has stimulated growth in agricultural production and contributed to the reduction of the number people below the poverty line.

 

The growing scarcity and competition for water, however, stands as a major threat to future advances in poverty alleviation.  Food production is likely to be adversely affected particularly in the semiarid regions, which include two of Asia’s major breadbaskets, the Punjab and the North China Plain.  An increasing number of the rural poor are coming to see entitlement and access to water for food production and for domestic purposes as a more critical problem than access to primary health care and education.  

 

The development of tube well irrigation has contributed significantly to the increase in food production and reduction in poverty.  However, in many of the more arid regions the overexploitation of ground water poses a major threat to environment, health, and food security - a threat to the welfare of the poor far more serious than that posed by the widely criticized construction of large dams.

 

Poverty persists in many of the rain-fed and upland areas, the so-called marginal areas most of which can be described as water scarce.  Much of sub-Saharan Africa, with its lack of developed water resources, fits this category.  Despite the apparently wide range of potentially useful technologies, efforts to increase productivity and alleviate poverty have thus far met with limited success.

5.2. Some Challenges

 
In an environment of growing scarcity and competition for water a comprehensive strategy is needed to improve the productivity of water in both irrigated and rain-fed agriculture and to ensure access to water by poor men and women.
As water is withdrawn from agriculture, more attention must be given in the management of irrigation systems to water needs for multiple uses - not only for agriculture, but for other domestic uses, and for environmental needs. 

 

Policies and institutions must be developed and cost-effective management practices adopted to halt the environmental degradation caused by overexploitation of groundwater resources. 

 

A basin approach to management and allocation of groundwater and surface water will require new institutional arrangements to assure both efficiency and equity in the use of basin water resources and to protect the interests of the poor.

 

Special attention must be given to implementing policies and developing technologies suitable for adoption by resource - poor farmers in water-scarce or marginal upland and rain-fed areas, particularly those in sub-Saharan Africa, as well as those in well-watered areas such as Eastern India.
5.3. The Issue – Contrasting South Asia and sub-Saharan Africa
 

Poverty eradication through sustainable development can be regarded today as perhaps the central goal of the Consultative Group on International Agricultural Research (CGIAR), of most agricultural research and development institutions in the developing world, and of the national governments that support their research.  Irrigation has played a central role in poverty reduction in the past.  But the growing scarcity and competition for water and the overexploitation of groundwater resources are putting the poor in irrigated areas at great risk.  In addressing the poverty problem, we must consider the impact of reduced water availability for irrigation not only on crop production, but also on the wide range of other uses that are a part of the livelihood of rural agricultural communities.  Meanwhile, poverty persists in many of the rain-fed and upland areas, the so-called marginal or traditionally water-scarce areas.  In these areas, the inability to effectively mobilize water resources has prevented farmers from using modern yield-increasing inputs and raising incomes.


There are two regions of the world that stand out in terms of the scope and magnitude of rural poverty - South Asia and sub-Saharan Africa.  They could not be more contrasting in terms of water resources and irrigation development and hence the challenge posed to International Water Management Institute (IWMI) scientists and others for poverty alleviation.   In South Asia close to fifty percent of the cereal grain area is irrigated.  Two-thirds of cereal grain production and most of the marketed surplus comes from the irrigated areas.  On the contrary, in sub-Saharan Africa the contribution of irrigation to cereal grain production is about 5 percent.

5.4. Past Achievements 

 

Between the 1960s and the 1990s real food grain prices fell by approximately 50 percent.  This decline was principally but not entirely due to the impact of the so-called green revolution in the developing countries.  The subsidization of food grain production by the developed economies also contributed to the decline.  Determining the precise share of the gains in cereal grain production attributable to new seeds, fertilizer, and irrigation is an almost impossible task. However, there is little doubt that without the advances in irrigation technologies and extraordinary investments in irrigation expansion by the public and private sectors, the impact of the green revolution would have been greatly reduced.

The benefits of lower food grain prices to the poor are obvious.  Sixty percent of the money spent on food by the people below the poverty line in Asia is apportioned for cereals (which provide as much as 70 percent of their total nutrients).

A second major impact of irrigation is in the employment generated both on and off the farm providing entitlement or purchasing power for the poor. For landless laborers, increased cropping intensity has the greatest impact on employment. Irrigation means more work in more days of the year.  The employment impact is felt not only in the irrigated but also in the rain-fed areas.  Sometimes, landless workers in the rain-fed villages migrate long distances to take advantage of employment opportunities in the irrigated areas.  There is also a multiplier effect, with higher incomes in agriculture creating employment opportunities off the farm.

Between the mid-1970s and 1990, the number of people below the poverty line in India fell from over 50 percent to approximately 35 percent (Datt 1998) while in Bangladesh it also fell significantly (Palmer-Jones 1992).  However, the absolute number of people below the poverty line increased slightly. An important contributor to poverty alleviation was the growth in public-sector-funded canal irrigation and in largely private-sector-funded tube well irrigation (Shah 1993). Technological advances in storage dam construction and in tube wells and lift pumps enhanced this expansion and allowed a larger portion of the crops to be grown during the drier portions of the year thus avoiding crop losses due to flooding and typhoons.  In addition, the dry-season environment of high solar energy and low pest infestation gives the highest crop yield response to fertilizer application.


The tube well technologies in particular were instrumental in poverty reduction in eastern India and Bangladesh, where agricultural development was long seen as an intractable problem.  The initial emphasis in the 1960s and 70s was on publicly financed deep tube wells with command areas of around 20 hectares. These systems performed poorly and the management committees tended to be dominated by the richer and influential farmers (Boyce 1987).  The gradual expansion of private tube wells, often within the deep tube well command areas, also favored the elite who had access to the required capital (Shah 2000b). However, three important developments have allowed the small farmers and poorer farm households to gain access to irrigation water: (a) the development of water markets, (b) the introduction of the cheaper and smaller Chinese engines, and (c) the widespread adoption of treadle pumps (Palmer-Jones 1992, Shah 2000a and b).  For those that purchase water, there is strong pressure to economize on groundwater use, whereas tube well owners feel no such pressure. The manually operated treadle pump, which requires less investment, is particularly well suited to farmers with less than an acre of land.  To facilitate the spread of these technologies among the small farmers, credit schemes were developed by the Grameen Bank and other NGOs with particular emphasis being given to the role of women in obtaining loans and managing the pumps (van Koppen and Mahmud 1996).


While Eastern India and Bangladesh have achieved a great deal of success in developing water resources to help attack poverty, many problems still remain.  Particularly in India, major public policy initiatives have actually impeded groundwater development rather than expediting it (Shah, 2000b).  Pump subsidy schemes need to be reformed.  Efforts are also needed to promote a wider variety of diesel and manual pumps, to improve the fuel efficiency of pumps, and to experiment with innovative measures for fee collection for use of electricity.  The potential for further development of groundwater in Eastern India is great.  Less than a quarter of the groundwater resource is in use at present.    

 

5.5. The Impact of Water Scarcity on the Poor 

 

It is widely recognized that many countries (in contrast to Eastern India and Bangladesh) have already entered an era of severe water shortage.  IWMI has undertaken a long-term program to improve the conceptual and empirical basis for the analysis of water in major river basins of the world (Seckler, Molden, and Barker 1998).  The bulk of the population with severe water scarcity would reside in the semiarid regions of Asia and in sub-Saharan Africa.  Due to overexploitation of groundwater, food production would be adversely affected in the semiarid regions which include two of Asia’s major breadbaskets - the Punjab and the North China Plain. In North-Western India, the rise of tube well irrigation crowded out manual water-lifting devices used by smallholders during the 1960s. In western and peninsular India, besides competitive lowering of groundwater tables, excessive pump irrigation has also resulted in fluoride contamination of groundwater, which has been the mainstay of the poor for their domestic water needs.

What are the implications of these findings for the poor?  Water is both a commodity and a natural resource and a perceived human entitlement.  When Nobel Laureate, Amartya Sen (1981) wrote about poverty and famines in Bengal, he spoke of ‘entitlements’ in terms of purchasing power for food. The primary people affected by the famines were the landless rural poor. But in today’s environment of growing water scarcity the problem is more pervasive.  An increasing number of the poor - rural and urban consumers, rural producers, and rural laborers - are coming to view access or entitlement to water as a more critical problem than access to food, primary health care, and education.


The typical urban household uses water for drinking and sanitation.  But rural areas use water for a wide range of purposes.  Even in irrigated areas water is used not only for the main field crops, but also for domestic use, home gardens, trees and other permanent vegetation, and livestock (Bakker et al. 1999).  Other productive uses include fishing, harvesting of aquatic plants and animals, and a variety of other enterprises such as brick making.  In addition, irrigation systems can have a positive or negative effect on the environment.  Thus, the withdrawal of water affects the rural household, rural economy, and environment in a number of ways. Water scarcity is exemplified by situations such as: the need to carry heavy pots of water several kilometers every day to meet households needs; the destitution of farmers who lose their lands or of the landless who lose their jobs because of lack of irrigation water; the loss of wetlands or estuaries because of upstream water depletion; increasing health problems due to water pollution and to a rise in incidence of water-borne diseases.

Experts in the field agree that the quantity of water is even more important than the quality in terms of its impact on human health.  However, water scarcity leads to declining water quality and pollution, which has an especially adverse impact on the poor.  Many (perhaps most) of the poorest people in developing countries are forced to drink water that is unfit for human consumption.  They suffer from a range of skin-related and other health problems.

As water is withdrawn from agriculture, more attention must be given in the management of irrigation systems to water needs for domestic and health purposes, and to other consequences such as the impact on the environment. Unfortunately, in the case of water for agriculture, allocation cannot be accomplished solely through pricing mechanisms. Along with farmers, other stakeholders including the poor should have a voice in how limited water supplies are to be allocated.
 

5.6. The Emerging Groundwater Problem

 
As noted above, the development and expansion of tube well irrigation contributed significantly to the increase in food production and reduction in poverty.  However, in the arid and semiarid regions, the point has now been reached where the overexploitation of groundwater poses a major threat to environment, health, and food security - a threat to the welfare of the poor far more serious than that posed by the widely criticized construction of large dams.

The regions of China, India, the Middle East, and North Africa, projected in the IWMI study to face severe water shortage, are the areas where overexploitation of groundwater has been most pervasive.  These areas have had a “free ride” over the past 2-3 decades.  Tube well yields attributable to irrigation have typically been more than double the yields from canals and tanks.  But the penalty for mismanagement of this common-pool resource is now coming due.

The groundwater problem has two contradictory aspects. First, there is the rapid drawdown of freshwater aquifers mainly due to the worldwide explosion in the use of wells and pumps for irrigation, domestic, and industrial water supplies.  Second, there is the opposite problem of rising water tables of saline and sodic water.  Added to these two problems is the pollution of aquifers by toxic elements.  Here again the poor often pay the price not only through loss of crop production or cropland, but also through a shortage of water for the range of uses noted above and through increased health problems. The discovery of extensive arsenic poisoning of the aquifers in Bangladesh and fluoride contamination of well water in Western India provides a prime example of the adverse effects of groundwater mismanagement in some of the poorest countries of the world.

While the problems of groundwater are clear, the solutions are not.  The pricing and regulation of pumping for this common-pool resource are not feasible. Even if technical and management capacities are available, which country would be willing to pay the enormous cost of this policy in terms of reduced food production and domestic and industrial water supplies?  The best way to recharge aquifers needs more careful analysis.  Much of the seepage and surface runoff from canals recharges groundwater aquifers.

Seen in this light, Chambers (1988) suggests that a major and perhaps the main beneficial effect of new canal irrigation is to distribute water through the command allowing it to seep and so provide water for lift irrigation.  Dhawan (1993) points out that according to his calculations half of the crop output originating from tube-well irrigated lands in the Punjab is from groundwater that is of canal origin.  In short, much of South Asian irrigation must be analyzed and should be managed from a basin perspective taking into account the complementary relationship between canal water and groundwater.

While there are technical solutions for reducing salinity, the financial costs of various options and the appropriate procedures for implementing management strategies at farm and system levels are not well understood.  In short, given the truly alarming threat of fresh groundwater depletion in the world, it is astonishing how little attention, whether in research or action, is given to this problem.

  
5.7. Marginal Areas

 

Poverty persists in the irrigated areas but especially in many of the rain-fed and upland or the so-called marginal areas.  In fact, most of the areas of persistent poverty are areas that can be described as water-scarce.  Much of sub-Saharan Africa, with its lack of developed water resources, fits into this category.

There is a striking dissimilarity between the physical and socioeconomic environment in the irrigated lowlands of Asia and the rain-fed, water-scarce areas in sub-Saharan Africa and Asia.  Strategies for water management that have been successful in reducing poverty in the former environment have proven to be largely inappropriate for the latter.  In fact, little progress has been made in raising agricultural productivity even in the water-scarce rain-fed areas of Asia. In these less favorable environments, the road to increased productivity may lie not only with the introduction of new technologies but also with the exploitation of traditional technologies (Agarwal and Narain 1997).
To date, efforts to mobilize water resources following conventional canal irrigation systems designs have been largely unsuccessful.  Carruthers and Clark (1981) cautioned that without careful pre-appraisal “the farmer’s promised banquet may turn out to be simply an engineering picnic.”  Furthermore, many of these systems were in locations where either the physical or the socioeconomic environment, or both were ill-suited to irrigated agriculture.

Many scientists strongly believe that the rain-fed areas and natural wetlands offer the greatest potential for production gains in the immediate future.  Scientists have shown that a number of water harvesting and supplemental irrigation technologies hold greater promise for increasing crop yields. But the adoption by farmers has been extremely limited, as the risk and costs seem to have outweighed the benefits (Oweis, Hachum, and Kijne 1999). In sub-Saharan Africa, part of the problem may lie in the much higher cost.

For example, a major difference between South Asia and sub-Saharan Africa is the cost of pumps and irrigation equipment. Because of the rapid and large-scale groundwater development, South Asia developed its own highly competitive pump industry that delivers pumps to small farmers for which, in Africa, farmers have to pay much more. This may also be an important reason why even smallholder irrigation development in SSA region has occurred only with massive government and donor support.

Developing a more intensive agricultural system will prove more costly in sub-Saharan Africa than in Asia for three reasons.  First, as noted above the equipment will be more expensive.  Second, and related to the first, as IWMI’s research in Burkina Faso and Niger emphasizes, there has been little time for the development of the institutions such as credit, marketing, land and water rights that are essential to the sustainability of intensive agricultural systems (Abernethy et al. 2000 forthcoming).  One cannot simply rely on the market to bring about the institutional changes needed.  A strong role must be played by public policy and the state in facilitating the institutional changes and adoption of technologies that will increase agricultural productivity (Lele and Stone 1989; Binswanger and Pingali 1988). Finally, the ecological risks associated with intensification, particularly pests and diseases, might be more serious than those in Asia because intensive cropping has had no time to co-evolve with the natural biotic environment.

 

5.8. The Challenge for Poverty Alleviation

 

With the onset of the population explosion following World War II, poverty in the developing world has been associated with hunger and food insecurity.  The response has been to produce more food by increasing crop yields and expanding irrigation.  Despite the advances in global food security, it has become increasingly clear that productivity alone could not win the war against hunger.  Poverty alleviation has become associated less with food production per se and more with livelihood (Chambers 1988), with employment, and with Amartya Sen’s entitlements to food.  Identifying a poverty line based on daily per capita income and measuring the reduction in the number of people below the poverty line have constituted the popular “yardstick” by which progress in poverty alleviation is measured.  The growing scarcity of water relative to food in many parts of the world suggests that this may no longer be an appropriate yardstick.  Access or entitlement to water is not simply a matter of having more money or purchasing power. Water security is an increasingly important element of any poverty eradication program.

Much is known already about policy and program design for food security and even about policy frameworks required for environmental protection. By contrast, little is known about the appropriate mixes of policies, institutions, and technologies that could help achieve water security for both men and women in water-stressed environments (Webb and Iskandarani 1998).  Furthermore, because of the multiple use of water, there are a large number of stakeholders among government agencies and the private sector who have a keen interest in water allocations.  A basin approach to water management and allocation will be required to utilize water more efficiently (Seckler 1999) and to take into account off-site effects of more narrowly focused projects such as reforestation, which can have a negative impact on marginal upland farmers (Finlayson 1998; Starkloff 1998). As water becomes scarcer, the conflict over water allocations, rights and entitlements at farm, system, and basin levels is bound to increase. New water basin institutional arrangements will be required to assure both efficiency and equity in use of basin water resources and to protect the interests of the poor.

Irrigation consumes about 70 percent of the world’s available water.  Subsidies for infrastructure have been reduced, the most accessible and cheapest water resources have been developed, and in an increasing number of basins all of the water has been committed.  Demand for water for higher-valued uses - domestic, industry, and hydropower - is rising. The agricultural sector must produce more food with less water. Achieving this goal is thought by many to lie largely in improving the efficiency of canal irrigation systems.  As suggested above, however, we believe that there must be more attention through research and action programs on the management of groundwater and surface water in a basin context in irrigated areas and on assessing the potential of alternative low-cost micro irrigation technologies in raising crop production in water-scarce rain-fed areas.

 There is an urgent need for new strategies to improve the productivity of water in both irrigated and rain-fed agriculture, and ensure access to water and technologies by the poor.  As new policies, institutions, and technologies are devised and tested to achieve this goal, a major task of IWMI will be to design strategies to enhance water security for poor men and women, a critical step in poverty eradication.

6. Water Resources Management System – The Experience of Other Countries

The French experience has been a model for other management systems, including Brazil. Germany was the first country to rely on a “Basin Agency”: Rhur Agency, which rose from the beginning of the 20th century.

The analyzed countries are considered representatives of the following water pollution control policies, because they introduce the concept of water pricing and cost recovery:

· Germany: Centralized management of water resource, with collecting application for water capitation and for the release of effluents, in order to finance the management system, but with relative decentralization in basin organisms.

· France: Decentralized management in basin organisms, based on strong collecting application by water use and for effluents emission, with the objective to finance the management system and pollution control works.

6.1. Water Resource Management in Germany

The water resource management and protection policy in Germany combine command and control actions. It means that state and federal government apply a regulatory function and an extremely strong control, with some economic instruments, primarily by charging the capitation of superficial and ground water, and by charging the pollution effects. (SPECIFY MORE)

In Germany, these instruments that exert a complementary function related to command and control activities are subordinated to environmental standards. Even though the existence of this pricing policy, it is extremely prohibited to release pollutants, above of the standards determined in law. Even though in reduced quantities, such emissions are very harmful to the users and must be reimbursed.

6.1.1. Use of Water in Germany

In Germany water price includes:

· Water abstractions: charge on the capitation of aquifers, superficial and ground waters, activity practiced in some states;

· Effluent levy: defined by the Sewer Tax Federal Law;

-
Charge for the treatment of rainwater.

a) Charge on Water Abstractions:

Water pricing policy started in Germany in 1985 and in 1995 was already practiced in 11 states. Some states impose different prices for surface and ground water, and in their majority the price varies according to the uses: public water supply, electrical centers, cooling, irrigation, etc. The variation in price is due to the kind of use, which reflects the different levels of consumption, associated to each activity. (QUOTE HERE AND AT THE END)

A capitation of surface water for domestic or industrial supply costs between 0,02 to 0,05 EU/m3 (Euros per cubic meter), and for irrigation varies between 0,01 to 0.015 EU/m3. Some states charge more by the industrial than the domestic use, like Badenwürttemberg; others charge more by the industrial use and some others charge equally. Charging for capitation of ground water can cost 0,50 EU/m3 and also varies according to the use, and some states only charge for this source.

In the majority of the states, charging by the use of subterranean water is much more expensive to applications as important as irrigation, cooling, etc. There is no price variation related to the site where capitation and seasonality take place. The collecting is related to the approved flow. Then, this flow tends to induce a better allocation, since the fact that users will ask for authorization just when the quantities really need to be approved.

In general the values are considered low and they do not specifically constitute sources of economic incentives to the reduction of use (BUCKLAND & ZABEL, 1995). The collected values are used to compensate farmers’ losses, provoked by the absence in using some pesticides, reductions in fertilizer use and subsidization water use reduction measures.

b) Charge on Wastewater Disposal – Sewer Tax:

This tax is charged by the states and is due, exclusively, to finance improving and restoring measures in the quality of water. Users who discharge polluted water must pay this tax.

6.2. The French Experience

The French water resources management policy has been a model all over the world. It is one of the precursory countries in water collecting application in agreement with a participating and integrated management by the Water Agency.

The Water Law of 1964 allowed the implantation of a solid and pioneering system that is based on Basin Committees or "Waters Parliament", where officials, users and civilians are involved as associations which are represented. This system relies on Basins Agencies, technical and financial bodies, which give support and implement the committees’ decisions.

The French system is very well-known and is the inspiring model of the Brazilian management system.

6.2.1. Management and Regulation Entities
Concerning the French water resource management, the major role is due to the Basin Committees and the Water Agencies. It is interesting to notice that the division of the country, in 6 great water basins, each one relying on its respective committees and agencies, were defined in the law that has created the system.

The committees are the management political bodies and, according to the Institute of Post-Graduation and Engineering Research Alberto Luiz Coimbra  - COPPE/UFRJ (2001) "....they were created in clear attributions and wide concerning deliberative powers to the collecting by water use, including allocation from the resources levied, through five-year plans of intervention.” About all other questions related to water basin, including conflicts of use, the committees only have advisory powers, although its "recommendations" have been, in practice, systematically respected.

Agencies are public executive bodies whose roles are financial and planner agents in the protection and in the recovery of water basin natural resources. These agencies are not directly responsible for the construction and operation of hydric works, or by the inspection in accordance to the environmental legislation. Regarding each water basin, the agencies are subordinated to the Basin Committee.

In terms of water resource regulation there is a power division between several official sectors, such as Environmental, Agricultural and Health Departments.

6.2.2. Pricing Policy as a Management Instrument

As already mentioned, the charge for the use of water has been applied in the whole country and there is, basically, two kinds of costs:

a) Charge on water abstractions: the capitation of superficial and ground water, which is calculated upon the volume of draining water and also upon the amount consumed;

b) Charge on effluents: the effluent levy which is charged upon the wastewater , disposed in the river basins.

The costs of resources are to be recovered by water pricing policy, which means an adequate contribution of water users to the cost of water services:

I) Domestic users in counties, with more than 400 permanent inhabitants agglomerated;

II) Economic activities, industrial users and farmers that discharge wastewater in these levels: equal or bigger than 200 equivalents per inhabitant;

III) Hydroelectric, Heating and Nuclear Sectors. The quantitative water use (water abstractions and consumption) for irrigation is charged at very low prices.

7. The Brazilian Water Resource Management Experience

Following the world-wide trend, Brazil has tried, from the 1970s, a huge evolution of its environmental policies, adopting since then an extent legal and institutional framework of environmental management. The last three decades from the 20th Century can 
be divided into three very specific phases regarding the management goals and instruments applied:

· From 1970 to the late 1980s: A centralized environmental control policy, done by state and federal environmental bodies, based on command and control mechanisms (discipline, prohibitions and rules), with great emphasis in industrial wastewater disposals. This phase is marked by the lack of integration, among developing and environmental policies, by total financing through public funds and by the lack of social participation (GOLDSTEINS, 2000);

· From the late 1980s to the early 1990s: Implantation of a national policy of environment, defined by the Federal Constitution of 1988. It introduces the concept of integrated environmental management; an environmental federal and state committee is created, with the objective of seeking integration among governments' different levels and among public and private sectors. On one hand, serious environmental problems are accompanied with a larger understanding and public mobilization and, on the other hand, with still low level of integration of public policies sectors.

7.1. Water Resource Management Systems’ Entities
The groups which carry out the formal role in water resource management, on federal and state levels and on the basins level too, are organized inside the so called "Water Resource Management National System – WRMNS”. This system has been instituted by the Federal Constitution of 1988, article 21, and was regulated by the Law 9.433/97, and modified by the Law 9.984/00, article 30.

This law was a result of many years of discussion among politicians and different sectors that represent the major uses of water in the country.
The WRMNS is formed by:

a) Water Resources National Board – It is formed by federal representatives from the Executive Branch (Environmental Ministry, Republic Presidency Secretariat), by Water Resource State Committees, by users and civil organizations.  Among its responsibilities are:

- The approval of Basin Committees creation, which involves federal domain rivers.
- The national plan of water resources, and the charge on water use.

b) Water National Agency – WNA – It is a Federal Autarky under special regime, with administrative and financial autonomy. It was created by the law 9.984, on July 17, 2000, under the authority of the Environmental Ministry; it works like a regulatory agency, related to the national domain rivers use, as well as an executive agency which is in charge of the implementation of the Water Resource National System. WNA also collect the charges of water users and is responsible for the application of these and other contributions destined to water resource management, and is for the application of some administrative instruments, such as, grant and inspection that belong to Union competence.

c) State and Federal District’s Water Resource Boards – Discussion and deliberative forums related to subjects that involve basins under their domain. They are responsible for state and district plans approvals, and they also represent the state in the Water Resource National Board.
d) Water Basins Committees – They are suppose to act as “parliament of basin water,” relying on public and private users participation, on county power, on organized civil society and on other state and federal levels. Among its responsibilities is the approval of the Basin Plan and the pricing water, as well as its function of a discussion and decision forum, in each water basin.

e) Water Agencies:

- They are in charge of the formulation and implementation of the Water Basin Resources Plan;
- They are responsible for the management of water services charges, among other attributions.

In summary, the main features of the law are: adoption of the watershed (basin) as the unit planning for water use; introduction of the multi-use concept; all users will have equal access to water use, with priority given to domestic use population; recognition of water as a limited, finite and vulnerable good; recognition of the economic value of water and therefore entitled to be charged for (principle of the “user payer” and the “polluter payer”); proposal for a decentralized and participatory management, in which individual users, civil society and other social organizations will be able to influence on the decision making process.
8. Hydrological Cycle

As we all know water is essential to life, and all living organisms on planet Earth depend on water to survive. Planet Earth is the only planet of the solar system that has water in the three states (solid, liquid and gaseous). Only 3% of this water is related to freshwater. Of these 3%, about 75% are congealed in Polar Regions in solid state; 10% are confined in aquifers, and therefore, the availability of water resource in liquid state is approximately 15% of these 3%. Water, therefore, is a rare resource and even this amount will be reduced in the future. Freshwater supplement with good quality is essential for the economic development, for the quality of human beings’ lives, as well as the sustainability of the cycles on Earth.

Water nourishes the forests, keeps the agricultural production and the biodiversity in terrestrial and in aquatic systems. Therefore, superficial and ground water are strategic resources for mankind and for all plants and animals. The hydrological cycle is the basic unifying principle to the water in the planet, its availability and distribution. The hydrological cycle operates according to the solar energy that produces evaporation of the oceans and the effect of the winds, which carry accumulated water steam to the continents. The speed of the hydrological cycle has varied from one geologic age to another one, as well as the ratio of freshwater and sea water.

The characteristics of the hydrological cycle are not homogeneous; hence the different distribution of the water in the planet. There are 26 countries with shortage of water, and at least 4 countries (Kuwait, United Arab Emirates, Bahamas Islands and The Gaza Strip - Palestinian territory) with extreme water scarcity (between 10 and 66 m3/inhabitant).

8.1. Water - Economic Development and Water Resource Estimates of Use

There was always a great dependence of economic development on water resource. Water functions as a developing factor is applied in innumerable uses, directly related to the Economy (regional, national and international). The most common and frequent uses of this resource are: water for domestic use, irrigation, industrial use and hydroelectricity. From 1900 to 2000 the total use of water on Earth has increased ten times (from 500 km3/year, to approximately 5,000 Km3/year).

Multiple uses of water are growing in all regions, countries and continents. These multiple uses increase when diversifying economic activities increase the necessity for water, in order to reach compatible levels of sustentation, with the pressures of consumption society and the industrial and agricultural production.

On one hand, accelerated urbanization in whole planet produces innumerable alterations in the hydrological cycle and increases enormously the demands for great volumes of water, also increasing the costs of treatment, the necessity for more energy to water distribution and the pressure on the sources.

Keeping in mind that when the economic development goes up and the per capita income goes up too, the pressure over the superficial and ground water resources also increase. The estimates and projections over the future uses of these resources vary sufficiently, according to diversified trends analyses. Some are based on projections of current uses, others in function of reevaluations of these current uses, and the introduction of water economic measures, such as, reuse and legal measures to diminish the uses and the consumption and to prevent wastefulness.

8.2. Water and Food Production

A fair and social development of the whole planet must promote the distribution and the adequate food supply for all of its inhabitants. The adequate evaluation of water resources, necessary to duplicate food production was not made yet. Which are the main hydric resources available to produce food for region or continent? There is no clear definition of this problem, especially in continents such as South America and Africa.

Great part of the expansion in food production was obtained, mainly, for the increase in irrigated area, especially in Asia and particularly in India. Considering the fact that food production depends on irrigation, natural precipitation and on water produced by aquifers, without this water use, world-wide agricultural production would be very below of the current production.

It is ultimate investments in new irrigation techniques to improve water uses and to save water resources efficiently, among all different continents on the Globe.

8.3. Water for the Urban Regions

The exponential growth of the human population has promoted an enormous demand on hydric resources, significantly increasing the necessity for great volumes of water to adequate urban populations` supply, without causing damages to public health.

The urbanization has advanced over the sources and has spoiled the superficial and underground supplement sources. Water treatment costs for drinking water production reach high values. Especially if the sources are forsaken of marginal forests as well as enough vegetal covering in the river basins, and if ground waters are contaminated. One great concern is the toxicity of the sources that can increase the risks for human health and aggravate problems of chronic toxicity, mainly. Urban regions produce great volumes of domestic waste water and toxic chemical products, no treated sewers that degrade rivers and lakes and raise treatment costs.
8.4. Water and Health for Human Beings

There is much information about the effects of spoiled superficial and ground hydric resources over human being’s health. There are also many water propagation diseases due to the organisms that have a life cycle related to sewers, rivers, dams, estuaries and lakes. These illnesses in Continents as Latin America, Africa and in the Southwest of Asia, kill much more people, compared to all other illnesses together. These diseases affect human beings by contribution of other people and by infected animals; animals in regions of intense cattle breeding activity (rooster, birds, swines) or for wild animals.

8.5. Water Resources in the Future

Water represents a basic supply of resources for the maintenance of life on Earth, and also for the functioning of natural cycles and functions. Hydric resources benefit directly or indirectly the human population, mainly if we consider the great benefits produced to the welfare of mankind and for the survival of organisms.

New ethics are necessary to face the scarcity of water in the future, in order to deal with this resource as a basic component of the planet cycles. This new ethics embraces an ampler vision of the resource, includes aesthetic and cultural values and it is necessary to a set of conceptual alterations in management. For example a decentralized management, implanting the committees of river basins, developing mechanisms of institutional integration and extending the predictable capacity of the system. The environmental management and especially the management of water resources in the  20th century was essentially devoted to a sectorial action (fishing, hydroelectricity, navigation); to a local level (river, lake, dam, ground water) and replying the crises.

In this century management is being an integrated management (with multiple uses) in ecosystem level (water basin) and predictable, it means, the capacity in forecasting and anticipating problems, disasters and impacts. This also implies in essential technological advances: advanced monitoring in real time, water resources managers trainings with integrated vision, capacity to ecological analysis and mathematical modeling and construction of adjusted scenes, with evaluation of trends, impacts and analysis of risk.

The future of water resources depends on integration between the knowledge (diagnostics, data base, systems of information) e. g., biogeophysics data and a regional socioeconomic, including the trends and the construction of scenes.

In order to prevent wastefulness, to save water, to improve treatment costs and to develop legal and institutional infrastructures, it is necessary to consider the set of hydric resources - superficial continental waters, underground waters, coastal waters and its sustainability in space and in time, including aesthetic values, collective security, cultural opportunities, environmental security, recreational and educational chances, freedom and individual security.

FINAL COMENTS
The world still faces serious challenges in water supply and sanitation, even though, one of the most important targets of the international task forces is to halve the number of people without sustainable access to safe water.

“Coping with Water Scarcity,” the theme of this year’s World Water Day, calls the attention to this reality, and the fact that chronic water stress affects millions of people worldwide and threatens the collapse of ecological systems, provoking competition for water and increasing cross-border tensions. Indeed, unclean water is an immeasurably greater threat to human security than a violent conflict.

In many places and for a large proportion of the world’s population water insecurity still poses a real threat to human development. About 700 million people in 43 countries live below the water-stress threshold of 1,700 cubic meters per person per year. In 20 years, 3 billion people will live in countries under that threshold.

The growing need for water coming from expanding cities, agriculture, industry, and energy demands places the fragile food and livelihood security of the poor even more at risk. The access to a safe and affordable water supply must be recognized as a human right. It means that everyone must have at least 20 litres of clean water, a day, without any cost.

A Global Action Plan must be taken under G8 leadership to solve this growing water and sanitation crisis that causes nearly two million child deaths every year. The governments need to build credible plans and strategies for tackling the problem; gathering international efforts to galvanize political actions focusing water and sanitation front and centre on the development agendas.

Other important decision is that governments should aim to spend, at least, one percent of their GDP – Gross Domestic Product on water and sanitation, by means of equity. For example, in Ethiopia the military budget is 10 times the water and sanitation budget; in Pakistan, 47 times. Money well-spent increases productivity and reduces health costs at $8 for each $1 invested in achieving the water and sanitation target, emphasize the Human Development Report (HDR) authors’.

Highlighting the huge disparities in the prices people pay for water, the poorer you are the more you pay for clean water. For instance, the poorest households of El Salvador, Jamaica and Nicaragua spend on average over 10 percent of their income on water. In the United Kingdom, spending three percent of family income on water is considered the hardship threshold. Indeed, people living in urban slums typically pay 5-10 times more per litre than people living in high-income areas. And people living in the poorest parts of cities like Accra and Manila pay more than the residents of London, New York and Paris.

In order to preserve this precious source of life, here are some examples of how it can be done: conservation and restoration of wetlands, instead of drainage for land development; renewable energy and natural gas instead of large dams; reduction of natural flood damage instead of dykes and dams; conservation of agriculture instead of wasteful irrigation; appreciation for rivers’ natural riches instead of just their short-term economic potential.
Scarcity of water is not just a physical or environmental deficit—it often reflects a lack of political and financial power. Very often, little or no money means little or no voice, and little or no opportunity. Confronting the world water crisis is an essential step in confronting poverty, and supporting broader human development. 

The solutions are not solely hydrological and technical; power, politics and governance at all levels play a very important role. Collectively, we have the means to address the global water crisis. What is necessary now is political will, commitment and an adequate policy action towards to these challenges.  

This global crisis, yet unlike wars or natural disasters, does not stimulate concerted international decision. It is a silent and painful emergency experienced by the poor and tolerated by those with the resources, the technology and the political power to end it.
This picture needs to change. Immediately.
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