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This paper highlights key problems of water, explains their economic causes as well as corrective tools, and recommends actions. It is prepared for policy-makers, water engineers, conservationists, donors, journalists, and other stakeholders participating in the Second World Water Forum and Ministerial Conference, which will take place in The Hague on March 17-22, 2000. The paper aims to further raise the awareness of the current water crisis and their economic causes, advance the debate on the use of economic tools for addressing water problems, and promote actions toward full-cost pricing of water. 

1. The Problems of Water

The world's freshwater supply does not keep up with the growth of the world's human population. Global per capita water supply is one-third lower than it was 25 years ago. In 1995, with 5.7 billion people, the world’s water sufficiency (in terms of the percentage of population having access to over1700 cubic meters of freshwater per person per year) was 92 per cent. In 2005 when the world's population is projected to be 9.4 billion, the world’s water sufficiency is estimated to decline to 58 percent (see Figure 1). More people, but less water.

Figure 1: Water Scarcity in 1995 and 2050
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Notes: Water stress is defined as the percentage of population with less than 1700 cubic meters of freshwater available per person per year. Water scarcity is defined as the percentage of population with less than 1000 cubic meters per person per year. 

Source: The World Bank (1999). 
Underground water reserves have been excessively exploited in large parts of the world. During the mid-1990s, for example, India over-pumped its groundwater by 104 billion cubic meters per year (CMY), China 30 billion CMY, North Africa 10 billion CMY, Saudi Arabia 6 billion CMY, and United States 13.6 billion CMY 
. 

Agriculture accounts for the highest percentage of water use in low- and middle-income countries whereas industry is the largest water user in high-income countries (91, 71, and 40 per cent, respectively, see Figure 2).
 As population in low- and middle-income countries continues to grow, the demand for food and therefore, for irrigation water, will continue to increase. In the meantime, as these countries industrialize and their income levels rise, additional industrial and domestic demand will place further pressure on the supply of water. The conflicts between urban and rural uses of water are also likely to intensify. In China, for example, one cubic meter of water used for industrial purposes is valued 70 times more than for agriculture. In Daxing County, China, farmers no longer receive irrigation water from the capital city’s canals.
 

Figure: 2 Distribution of Water Use
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Source: The World Bank (1999).

In addition to direct consumption of water in agricultural, industrial, and household sectors, there are other human activities that indirectly affect water supply. Excessive logging in upstream watersheds, for example, could reduce water supply through reduced water retention. Dam constructions could affect the geographical distribution of water. Use of fossil fuels contributes to climate change and therefore, changes in precipitation and water availability. A comprehensive analysis of human activities leading to water shortages should include such off-site activities as well.

Related to the problem of water shortage is water pollution. The world's freshwater is experiencing deterioration in its freshness. This problem is directly associated with the discharge of agricultural, industrial, and domestic pollutants into water bodies. Two large countries, India and China together accounted for 36% of the world's organic pollutants released into water in 1994. High-income countries accounted for 35%, middle-income countries (excluding China) 26%, and low-income countries (excluding India) 3%.
 

Water pollution further contributes to the problem of water shortage. In Austria, for example, agricultural activities have led to the excessive concentration of nitrates and pesticides, affecting 73% of the country’s groundwater areas. Consequently, 49% of the population is affected by the reduced water availability for human consumption.
 The recent cyanide spill into the River Danube in Romania has not only affected the drinking water supply for thousands of people, but also damaged the habitats for freshwater fish (100 tons of fish found dead downstream), planktons, invertebrates, and birds.
 
2. Economic Causes

According to conservation economics, individuals – be they in agricultural, industrial, or household sectors – engage in excessive water use and pollution activities because their private benefits from such activities are large, but their private costs are small. The private costs are small because of market, policy, and institutional failures, which are explained below. 

Market failure refers to a situation where the market fails to make a water polluter pay for the pollution costs generated by his polluting activity. The pollution costs are also known as negative externalities or spillover costs. These are the costs imposed by the polluter on others or the society at large. For example, a mining company processing minerals near upstream water sources causes pollution damages to downstream drinking water, fishery, and habitats for waterfowls. But there does not exist a market where the mining company is required to compensate the downstream victims (human and nature) for the pollution damages. The mining company’s private costs of the polluting activity are, therefore, lower than would be the case otherwise. It sustains the polluting behavior. 

Policy failure refers to a situation where a government’s water subsidy policy fails to let the price of water reflect the true cost of its provision, thereby inducing excessive use of water. Governments usually control the price of water, which is a basic necessity for everyone, rich or poor. They usually set the price of water at a low level so that everyone can afford it. But the supply of water involves costs: the costs of facilities, maintenance, purification, storage, transport, and monitoring. If the price set by the government is below the cost of water provision, which is often the case, no water utility will be willing or able to supply water. To make a water utility supply water at a below-cost price, the government will have to give a subsidy to the utility to make up for the difference between the price and cost. But when the price of water is low, people tend to use more of it, often wastefully.

Water subsidy is common in both industrialized countries and developing countries. In Spain where agriculture accounts for 80% of the water consumption, for example, the price charged for surface water is below its supply costs by 0.4 to 1% per cubic meter
. In Australia, irrigation subsidies amount to $2 to $2.5 billion annually
. In the state of Bihar, India, the price charged for irrigation is insufficient to cover even the collection costs.
 Figure 3 reveals the extent to which the cost of irrigation water supply is recovered under the government-administered prices in several Asian countries. Taking developing countries as a whole, governments spend US$13 billion annually in subsidies for public irrigation works.
 

Figure 3: Costs Recovered in Irrigation in 1980s (in %)

[image: image4.wmf]1

14

18

7

22

6

0

5

10

15

20

25

Bangladesh

Indonesia

Rep. Of Korea

Nepal

Philippines

Thailand


Source: Repetto (1989).

Institutional failure refers to a situation where public institutions fail to assign and enforce clear property rights or use rights over water resources, thereby discouraging the consideration of the water depletion cost (the cost of using water today in terms of reduced use tomorrow or in the future). This is the cost an individual would normally consider if he owned the water resources. For example, if you own a well, you would normally not draw the well water beyond its replenishing level, for otherwise you would lose the benefit of using water tomorrow and the day after. That lost benefit is the depletion cost. Problems arise when you have unregulated common access to the well. You tend to draw the well water as much as possible because if you don’t, other people will and you are not in a position to prevent others from over-drawing the water. If others are over-drawing the water while you refrain from doing so, you will be worse-off. 

Apart from these market, policy, and institutional failures, which help keep the private costs of water use  (including pollution - a form of using water’s waste assimilative function) low, two other factors condition an individual’s water-use activities. One is water laws, water-use regulations, and their enforcement. The other is awareness of water crisis and its major contributors. This paper focuses on the economic causes of water problems and their solutions. It leaves these two factors to be addressed by other colleagues specialized in the legal and educational aspects of water problems.

Figure 4 presents a basic analytical framework for tracing the water problems to associated activities, to the major factors influencing individual decisions on water-use activities, and in particular, to the effects of cost distortions caused by market, policy, and institutional failures. For simplicity, this framework does not elaborate on factors that determine water-use activities at the market level, where individual water users are grouped into consumers and providers. These factors include the total number of consumers, their income levels and life-styles, the number of providers, technology of water supply, and cost of provision. For a more inclusive analysis, these factors as well as the legal and educational factors should be taken into account. 

Figure 1: An Analytical Framework








3. Economic Tools

Economic tools, described in the rest of this section, are to be used to correct market, policy, and institutional failures. These failures produce one common effect of distorting the cost of water provision and encouraging people to deplete and pollute water. Economic tools correct these failures by including in the private cost of water use the following elements: 1) the true cost of water provision; 2) the cost of today’s excessive use in terms of reduced availability tomorrow or in the future; and 3) the cost of removing the harmful effects of water pollution. In other words, economic tools serve to achieve the full-cost pricing of water. 

3.1 Removal of water subsidy

Water subsidy reduces the private cost of water use and encourages excessiveness. To prevent further depletion of water, we should identify all subsidies associated with agricultural, industrial, and domestic uses of water. We should then work toward the removal, reduction, or reform of the identified subsidies. One success story is found in Bogor, Indonesia, where an increase in water rates resulted in a 30% decline in water consumption.
 

Removal of water subsidy often affects the rich more than the poor. In some developing countries the rich receive 80-90 per cent of subsidized water.
 In contrast, the poor are often found to be more dependent on water supplied from private vendors. On average the poor pay as much as 12 times more than what the rich pay for piped water. To help the poor, removed water subsidy could be used for improving the poor’s access to piped water. 

The following are the major steps suggested for addressing perverse subsidies, taking the subsidy for irrigation water as an example: 

· Determine whether you are trying to address the water depletion problem at the local, sub-regional, regional, or national level; 

· Identify the magnitude of the perverse subsidy for irrigation water at your selected level, the intended objectives of the subsidy, and the actual beneficiaries of the subsidy;

· Get some help from an economist to estimate the extent of water over-use associated with the subsidy; 

· Publicize such information and advocate phased removal, reduction, or reform of the subsidy;

· Propose alternative measures such as direct and targeted income support to the originally intended beneficiaries for a specified transitional period, water stamps for the poor, or a progressive water pricing system with a low starting rate for subsistence use; or

· Turn the perverse subsidy into incentives for water conservation;

· If you succeed in getting the commitment from policymakers to removing, reducing, or reforming the subsidy, monitor the implementation and publicize the results.

3.2 Property rights over water

If we provide well-defined, secure, exclusive, and transferable property rights to a water user, he will have the incentive to consider the depletion cost in his decision and accordingly, to modify his water-use activity in a way the potential for his own future benefit is not compromised. This modification may coincide with our conservation objectives. 

But private ownership of water is often difficult if not impossible to implement. First, the concept of private ownership of water is often politically or socially unacceptable. Second, water boundary is often difficult to demarcate and defend. Third, even with a demarcated boundary, the use of water within that boundary may still generate negative externalities. 

In such cases, it may be more appropriate to use communal property rights. Members of a community collectively own the local water resource and decisions on the use of water are made through a community institution such as a Water Users’ Association (WUA). Individual members of a WUA could have their private use rights, but such rights are regulated by the WUA for the well being of all members. In fact, you could see communal property rights as an extension of private property rights, with the WUA being the owner of the local water resource. 

But if the use of water generates negative externalities beyond the community level, then state ownership of the water resource may be more appropriate.  This may be the case when a community converts a large part of a wetland (a national watershed) into a plantation, affecting the availability of water for the rest of the country. In such cases, the state, through officials of state agencies, could enforce its ownership by providing regulated individual or community use rights. Specific rules can be stipulated to prevent water users from imposing negative externalities on the rest of the society. 

The success of state property rights, however, hinges upon adequately funded, effective, and clean civil service, which is not very common in most developing countries. Therefore, many conservationists stress the importance of communal property rights. But again, the success of communal property rights hinges upon adequately funded, effective, and clean community institutions such as the WUA. The latter is perhaps relatively easier to achieve than the former. 

3.3Creation of a water use and pollution market 

If it is impossible or undesirable to assign property rights over water - a mobile or fugacious resource, we could create a water market by assigning tradable water shares to individual users, subject to a maximum amount of water use. This maximum amount is our water conservation objective. It is usually below the existing level of water use, which is in most cases unsustainable. Because people want more of these shares than what have been issued, a market will be created for the trading of these shares. 

Before the creation of a water market, people tend to use water excessively. With a water market, water acquires a value. A holder of water shares is faced with three choices. First, if the number of allocated shares meets his needs for water use in a given season, he could choose to use them all, fully realizing that by doing so, he would be giving up the opportunity of selling the shares for cash. Second, if he economize on his water use, he could sell saved shares to other users. Third, if the number of allocated shares is inadequate to meet his needs, he could buy additional shares from other willing sellers. Whatever the transaction among water users, the total amount of water use is kept within a sustainable level. 

The same principle could be applied to the control of water pollution. We could create a water pollution market by auction tradable water pollution permits to individual polluters, subject to a maximum amount of pollution allowed for a particular water body. This maximum amount is our objective for water pollution control. It is usually below the existing level of discharge, which is in most cases unsustainable. Because people want more of these permits than what have been issued, a market will be created for the trading of these permits. 

Before the creation of such a market, people tend to discharge pollutants into water bodies excessively. With a water pollution market, the water’s waste assimilative function acquires a value. A holder of water pollution permits is also faced with three choices. First, if the number of allocated permits meets his pollution needs in a given season, he could choose to use them all, fully realizing that by doing so, he would be giving up the opportunity of selling the permits for cash. Second, if he manages to reduce the amount of discharge, he could sell saved permits to other polluters, perhaps at an increasing price if new polluters come in and bid up the price of these permits (the total number of which is fixed). Third, if the number of allocated shares is inadequate to meet his needs, he could buy additional permits from others who manage to cut down pollution. Whatever the transaction among the polluters, the total amount of water pollution in a given location is kept within a sustainable level. 

3.4 Fiscal instruments

These mostly include various taxes. We know that an individual engages in activities that lead to water shortage or pollution because his private benefit is great, but his private cost is very low. The private cost is low partly because the individual does not pay the negative externalities imposed on others. The negative externalities can be addressed by the use of taxes. 

Take pesticides, for example. The level of pesticide use, even if we succeeded in removing the entire perverse subsidy, could still cause great damages to human health and the health of many biological resources. This is because pesticide users do not have to take into account the run-off effects of their pesticide use imposed on the rest of the society. They use a certain level of pesticides because at that level, their private benefit at least equals their private cost. And we know that their private cost does not include the associated negative externalities. If we are able to measure these unpaid costs, in terms of human health costs, lost agricultural yield, lost of fishery stock, lost availability of drinkable water, and so on, we could include those costs in their private costs by taxing them. This would tilt the cost side of the equation and reduce their use to a more sustainable level. 

Fiscal instruments could also include pro-conservation subsidies, which internalize positive externalities (i.e. beneficial effects of an activity on others or society for which payments are difficult to collect). For example, the conservation of wetlands is good for waterfowls, bird watchers, and perhaps for the society at large. But individuals are not likely to conserve a wetland if his conservation efforts were not rewarded, through subsidy or tax credits. Such subsidies should be funded, as much as possible, from tax revenues collected from unsustainable activities such as taxes on water pollution. These good subsidies could also take the form of tax exemptions and credits. 

3.5 Water charges systems

Water charges are different from water taxes. They are payments for the use of water, whereas water taxes are a means of collecting government revenues. 

Water and its assimilative function have long been used for free or at very low prices. The consequences are water shortages and pollution. Charges for the use of water and its assimilative function can serve two practical purposes. One is to put a check on people’s excessive use, which reflects their insatiable wants. The other is that revenues collected from charges can be used to maintain the supply of safe water or expand water supply to the poor segment of a society.

Charges should be sufficient to recover the full costs of providing safe water at any given level. The full costs should include not only the capital cost of setting up the facilities, the cost of operation and maintenance, but also the costs of water pollution treatment, and the cost of reduced water quantity if this is an issue. Such full-cost pricing of water through charges includes the removal of water subsidies. Water users could then compare their benefits (i.e. the amount they are willing and ready to pay) with the costs (i.e. the price that reflect the full costs of provision). In practice, such full-cost pricing can be reached gradually to allow time for adaptation. 

Thailand has used a charge system to control the excessive withdrawal of groundwater. In the Bangkok Metropolitan Area, the industrial sector accounts for 81.4 per cent of the groundwater extraction. Prior to 1984, groundwater was used free of charge, resulting in its overall depletion, land subsidence, and the risk of flooding and saltwater intrusion from surrounding seas. To combat these problems, in 1984 the Department of Mineral Resources levied a user charge of 1baht ($0.04) per cubic meter of groundwater. In 1995, the charge was raised to 3.5 baht ($0.14). The main objective of the charge was to reduce groundwater extraction and encourage water users to find other sources of supply. The effectiveness of this charge system is yet to be evaluated. 

Poland introduced a water pollution charge system as early as in 1965. In 1990, to address the alarming trends in freshwater scarcity, the government increased the charges by almost 15 folds. The result was a 37 per cent reduction in sewage discharge from the previous year. This tool, in conjunction with other pollution control measures, has induced polluters to use cleaner production methods.

3.6 Financial instruments

Financial instruments are tools for internalizing positive externalities. These tools, including grants, low-interest loans, and special funds for water conservation projects are mostly funded from outside of the government budget, such as from water pollution and water consumption charges or from international sources. They encourage people to carry out water conservation activities that benefit the rest of the country or the rest of the world (such as conservation of wetlands that are habitats for internationally important endangered waterfowls). Without such incentives, most people would normally not carry out those activities that primarily benefit others. 

In a perfect world, financial instruments should be sufficient to cover the additional cost to provide the additional level of water conservation as desired by the rest of the world. If the rest of the world desires the conservation of 80 percent of the existing wetlands in a particular region, and the current conservation effort only aims to reach 40 percent, then the incentives should be sufficient to cover the cost of conserving another 40 percent. But in reality, what one can do is constrained by the resources one has. In our case, the rest of the world may very well desire 40 percent additional wetlands to be conserved, but the funds contributed by the rest of the world may only be enough to do another 15 percent.

3.7 Water pollution liability systems 

These are legal means of altering an individual’s incentive structure. They include such tools as non-compliance liability, water resource damage liability, and liability insurance, which are often seen in developed countries. These tools may not suit the circumstances of many developing countries where the development of legal and insurance systems is at a rudimentary stage.  The application of these systems requires effective monitoring, reporting, and enforcement, which may not be within the reach of many countries.

The effect of these tools comes from the expected costs if water-use laws and regulation are not observed.  The potential costs could be expressed in terms of non-compliance charges, fines, mandatory community work, jail sentences, or increased insurance premium if an insurance company covers water resource damage costs. An individual would only take these potential costs seriously if enforcement were real. In other words, the potential costs are not real expected costs until they are multiplied by the probability of getting caught. These systems would only work when such expected costs are greater than the benefits of non-compliance or polluting behavior. 

3.8 Environmental bonds and deposit-refund systems

These include various tools that aim to shift the responsibility of “behaving well” to water polluters (who use water’s assimilative function). When you have to place a bond or a deposit before you get a business license, you will have greater incentives to abide by the rules and regulations, because you usually want your bond or deposit back. 

These tools are only effective, however, if the amount of the bond or deposit exceeds the benefit of non-compliance. The amount should be sufficient for covering the cost to restore the potential water resource damages that may be caused by the polluting activity that underlies the bond or deposit. To enhance the effectiveness of these tools, you (as a government administrator) may want to use a worst-scenario for estimating the potential costs. A polluter would be more likely to behave well and get the bond or deposit back with interest. If damages are caused, and the polluter’s own restoration work costs less than the amount of bond or deposit, he would also repair the damages by himself. If the cost of the polluter’s own clean-up efforts is greater than the amount of bond or deposit, and he chooses not to clean up, you would have the necessary funds to hire people to repair the damages. 

3.9 Other tools 

Informational tools include propagation of water conservation and disclosure of major companies’ water pollution performance. These tools aim to provide the public with information with which they can reassess their water-use decisions or product purchase decisions. Their effects come from changed consumer behaviors or preferences. Examples are hotels guests voluntarily reducing the frequency of changing sheets and towels, residents re-use bath water for flushing toilets, and consumers boycott products of major water-polluting companies. 

Self-regulation and voluntary agreements are low-cost tools for achieving water conservation. Water Users’ Associations (WUAs), for example, could rely on their own members to monitor water use, maintain irrigation works, reduce water losses, and improve water delivery services for the benefits of all members.
 Industrial associations may conclude voluntary agreements with the government, or affected communities, or NGOs to cut down the discharge of industrial effluents over a specified period of time, in exchange for a waiver of punitive interventions by the government or product boycott by consumer groups.   

In Bali, Indonesia, for example, irrigation associations determine water allocations among farmers on the basis of their distance from the water source, soil conditions on their lands, and their initial investments in irrigation works. The association is highly egalitarian and self-financed through the cash and labor contributions of each member for the operation and maintenance of irrigation works. These associations, together with other village institutions and priests are instrumental in settling water-use conflicts.

Monitoring of water use is essential for the functioning of any other tool described in this paper. In some OECD countries, for example, there is a strong correlation between metering of household water use and reduced demand for water. These results were particularly robust for the summer season where water saved was as high as 61% (Table 1). 

Table 1. The Effects of Water Metering

Location
Period
Savings due to metering

Collingwood, Ontario, Canada
1986-90
Summer peak: 37%

Leavenworth, Washington, US
1988-91
Summer peak: 61%

Oaks Park, Kent, UK
1993-96
Average: 27.5%

Summer peak: up to 50%

Barcelona, Spain
Early 1990s
Average: 12.8%

Source: OECD (1999).

Table 2 has identified a wide range of economic and other tools for the conservation of freshwater. These tools respond to the direct pressures typically imposed by human activities on water resources. Not every one of these tools has been explained in detail in this paper. For a more detailed description of these tools, please see “Economic Instruments for Biodiversity Conservation: A Dialogue”, which is referenced in the bibliography. 

Table 2: Tools for Water Conservation

Pressure on Water
Economic Tools
Other Tools

- Drainage/irrigation

- Industrial use

- Human consumption

- Pollution


- Removal of water subsidy

- Water pricing

- Tradable water shares

- Capitals gains tax on water shares

- Tradable effluent permits

- Effluent taxes/water treatment fees

- Pollution charges/non-compliance charges

- Waste delivery bonds

- Environmental accident bonds 

- Relocation incentives

- Debt-for-nature/ecoregion funds
- Pollution regulation

- Information dissemination

- Consumer education

- Self-regulation

- Strict protection of key catchment areas

- Intergovernmental water use agreements 

Source: Sheng (2000, in press).

4. Recommendations

Demonstrate the applicability of economic tools 

Policy-makers, water engineers, water conservationists (including conservation economists), and affected communities could work together to trace the water problems in specific locations or at specific levels to market, policy, and institutional failures, and to devise integrated approaches (including economic and non-economic tools) to address these failures. Efforts in the next three years could focus on a small number of pilot projects. Experience learned could then be applied to future projects. 

Document country experiences

Many countries have long been using various tools, including economic tools, to address water problems. The OECD has published the experience of industrialized countries.
 But the experience of a vast number of developing countries remains poorly documented. Researchers and journalists could work on the collation and publication of such experience, especially the experience with the use of economic tools, which could guide the formulation of integrated approaches. 

Enhance capacity for action 

The donor community could support water conservation efforts in developing countries by focusing on capacity building activities, including targeted stakeholder training workshops to increase the understanding of the water problems, the fundamental causes of the problems, and economic and non-economic tools for addressing the problems. Capacity building activities could also include technical support for the implementation of integrated approaches as well as direct material support such as the donation of metering devices to specific project sites. 

Mobilize public support 

Building conservation awareness could influence people’s preferences and life-styles. Journalists and other colleagues working in the media world could launch targeted communications effort in specific locations. They could inform the public of the current and projected threats to water conservation, major sectors depleting and polluting water, economic and other forces that drive the depleting and polluting activities, economic and other tools for solving the problems, country experience, and lessons learned. 
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