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intermediate good in a production process, e.g. irrigation, hydropower or cooling 
(Gibbons, 1986). In the latter application the value of water has to,be derived from the 
value of the final good. An optimal allocation of water in different production processes 
requires the value of the marginal product to be equal over all processes. Hence, the 
demand for water is a derived demand and depends on the value ofthe.good produced 
(Bogess et a/., 1993). · 
It should be noted that for convenience water is treated as a homogenous good in this 
welfare analysis. In practice water is heterogeneous, so a kind of quality weighted 
water·unit would have to be used. 

While talking about the optimal allocation of water it is important to distinguish between 
surface water and groundwater. Surface water has the characteristics of a renewable 
resource and its .future supply depends mainly on natural phenomena, whereas the 
future supply of groundwater is dominantly influenced by current withdrawal and the 
aspect of intertemporal allocation has to be taken into account as well (Tietenberg, 
1992). Depletion of groundwater occurs when the extraction rate continuously exceeds 
the recharge rate. A groundwater aquifer can become irreversibly used up if the 
geological pattern of its supply channels is such that they need a certain minimum 
water level to keep on functioning and the provision of this minimum level is not 
guaranteed because of excessive withdrawal (Neher, 1990). Also antique acquifers 
exist that are not recharged at all. This difference between surface water and 
groundwater is of great importance. For surface water a steady-state has to be 
reached, where the rate of extraction should equal the rate of recharge at some· level. 
For groundwater this is not true. A non-renewable resource will become increasingly 
scarce. as stocks are depleted, which will be reflected by an increasing price. It is 

. optimal if this price rises at a rate equal to the social utility discount rate, which reflects 
intertemporal substitution. However, optimal water use is hard to establish, as water 
belongs to the common property resources. This prevents an optimal alloc:;ation, as 
market forces can only attain an optimal allocation if property rights are fully assigned 
and if all goods and services are private. Furthermore, the use of water produces 
externalities whose costs are not incorporated in the price and are therefore passed on 
to society. The social costs of water use are therefore higher than the private costs. 
This is portrayed in Figure 3 at the hand of an example of a private producer who is 
using water as input for production. 

As mentioned above the private producer will demand the quantity of water that 
corresponds to a situation where the price of water is equal to the private marginal 
costs. Say that the water price'is established at P*, then the producer will demand the 
quantity QP. If the same condition shall hold for social. marginal costs (P* = SMC), the 
quantity demanded has to be reduced to 0 5

. The triangle a-b-c is the amount of 
external environmental costs that have to be borne by the society. The implications for 
the introduction of the optimal environmental tax will be discussed further down. 



162 ILRI WORKSHOP: WATER AND FOO.D SECURITY IN (SEMI-) ARID AREAS 

Monetary Unit 

Figure 3 Social and Private Marginal Costs 

Characteristics ' 

Social marginal 
cost curve 

Private marginal 
. cost curve 

Quantity of water 

Young (1986) summarises some supply and demand characteristics that distinguish 
water from other commodities: · 
• Mobility: Since water flows, evaporates, seeps, and transpires it is difficult to identify 

and measure. This makes the establishment of property rights problematic. 
• Economies of large scale: Due to large storage and distribution systems water· 

supply has a large fixed costs component and is hence predestined for being a 
natural monopoly. 

• Uncertainty in supply: Water supply depends on stream flows and precipitation and 
is variable in time, space and quality. It is therefore not foreseeable in a precise way. 
In general, supply peaks do not coincide with periods of high demand. 

• Assimilating and absorbing capacities: Water does also serve as a host for 
wastewater and pollutants. The assimilative capacity of a water body could therefore 
be seen as an additional commodity itself. This characteristic reminds that quality 
and quantity items are very close connected to each other. 

• Diversity of use: Water is used for numerous purposes in different user categories. 
For some uses it is difficult to establish an economic value, which complicates the 
derivation of utility that different users gain from different forms of water application. 

• Diversity of exclusiveness: water can be reused to a certain extend, depending on 
the function it was used for. For recreational use, e.g., this is straightforward. 

Water pricing 
In accordance with Randall (1981) water can be defined in terms of resource costs, 
opportunity costs or social costs. Resource costs reflect the provision of water as, for 
instance, pumping or distribution costs; opportunity costs represent the value of that 
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water in its best alternative use; and social costs are costs that society has to bear 
such as costs arising from externalities. In an efficient situation the three marginal costs 
are equalised and at the same time they are pointing out the proper price. Randall's 
recommendation corresponds to the fundamental concept of economically efficient use 
of resources, the marginal costs pricing system (Frederick and Kneese, .1995). 
Because of increasing marginal costs in most common situations the marginal costs 
pricing system needs a progressive tariff structure which implies higher charges at 
higher units of consumption (Winpenny, 1994). At present however, the opposite, 
namely special-offer charges for bulk users, is in many cases a matter of course. 
The OECD (1987) suggests that marginal cost pricing under the User-Pays Principle 
(UPP) would be the proper charging system to prevent inefficiency. The UPP is 
analogous to the well-known Polluter-Pays Principle ·(PPP). Whereas under the PPP 
the polluter has to pay for the external costs that he/she enforces upon society, the 
UPP prescribes that the users of the services have to bear the full costs of the service 
.collectively. Subsequently a charging system that reflects quality and quantity items will 
divide full costs among all users. The UPP certainly implies the abolition of subsidies to 

· users of the water service. · 
Unfortunately, the marginal costs pricing system is not found in practice. In general, 
water companies apply a system to recover the costs of treatment and delivery · 
(Randall, 1981; Tietenberg, 1992; Winpenny, 1994; Rosegrant, 1997), which means 
that they only take into account the resource costs (see above). The system by which 
water rates are determined often takes the form of average cost pricing, whereby the 
water service is charged at average costs or flat rate tariffs. This means that the price 
is not directly based on the quantity of water used, but on, for instance, nu.mber of 
residents, number of tabs, size of inflow pipe, or the property value. (For details see 
OECD, 1987). Thus the price for water use paid by the different users does not enclose 
the full costs. As a consequence, the market fails to allocate water in an optimal way 
and overuse and waste of water are inevitable. 
Tietenberg (1992) mentions the consequences of inappropriate water pricing for 
migration. He notes that tariffs that are set too low would make arid regions financially 
more interesting to new residents than they really are. An increase in population in 
such areas would put even more pressure on the limited water resources. The question 

·arises if this statement counts for independent private people and if they would make 
the price of water as an important criterion of their decision to move to an arid region. 
In most cases people migrate because of reasons of employment. Therefore, irrigation 
and the settlement of industries and big employers should be aggravated in such 
areas. 

Water belongs to the common property resources and experiences the tragedy of the 
commons. An important characteristic of water is its diversity of use. Water fulfils 
numerous functions for different economic activities. Externalities that arise from the 
use of water by these activities indicate that the price for water use paid by the different 
users does not enclose the full costs. As a consequence, the market fails to allocate 
water in an optimal way and overuse and waste of water are inevitable. 
The following Section describes several economic instruments that assist in 
internalising external effects and correcting market failure. 

\ 
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Economi~ instruments for managing water scarcity 

This Section presents several economic instruments thafare applied to economise 
water use in countries where water shortage has become a serious problem. The · 
objective of economic instruments is to influence the demand behaviour of water users. 
They are hence aimed at the demand side of the water chain. However, putting more 
emphasis on demand mar:~agement does not mean that supply management should be 
totally ignored. According to Alfred Marshal who is cited by Winpenny (1994), "supply 
and demand are the two blades. of a pair of scissors". In many situations new supply 
schemes ha.ve to be introduced, but it is always important to take the demand . 
management policies equivalently intq accpunt in order to avoid the mistakes from the 
past, where supply side approaches dominated water resource practices (FAO, 1995). 
In the following sub-sections different policy measures for tackling ·the problem of water 

· scarcity are described. The focus is put on the demand management side becausethi~ 
is where efficiency improvements tnrough economic instrum~nts can be achieved. 

I ', 

Different policy measures: An overview and criteria. 

Based on Rosegrant (1997) and Winpenny (1994) the following scheme of policy 
instruments for managing the demand of water has been developed. ·. 

Table 1 Different policy measures for water management 

Enabling Market-based Non-market- Direct 
·conditions incentives based incentives interventions 

• Institutional and • Pricing reform • Restrictions • Conservation. 
legal changes • ·Tradable rights • Quotas and ' programs 

• Reform of water an'd Water licenses • Leak detection 
rights .. ·markets • Public and repair. 
Privatisation of Effluent or information and programs 1 

• • 
utilities pollution education • Water efficient 

• ·Macroeconomic ·charges user appliances 
and sector • ·Water banks I • Industrial 
policy • Auctions recycling. 

• Subsidies 

• Taxes 
. Source: Wmpenny ~ ·1994; own adaptations 

Before describing the market and non-market based policy measures in detail it should 
be mentioned that every control mechanism could be subject to criticism for many 
reasons because of conflicting interests in society. Bressers (1989) recommended th~t 
instruments should consider the purposes, the information and the power of the · 
government agency and should regard the addressed target group. Instruments are 
only able to contribute. to efficiency improvements if they are adjusted to the . . 
circumstances under which they are applied. The different instruments are therefore 
not different options but have to be combined in order to reinforce each other. This 
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implies that an optimal policy mix has to be constructed conforming to the particular 
circumstances and economic situations in the various countries, such as the level of 
economic development, institutional capability, relative water scarcity and level of 
agricultural intensification (Rosegrant, 1997). 

Furthermore there are some criteria that have to be taken into account while choosing 
the best way of water planning (Winpenny, 1994). These criteria, which will be used in 
the remainder of this section are: 

. Efficacy/Effectiveness 
This criterion can be seen as the elasticity of response to different instruments. A 
combination of measures, such.as higher charges joined with campaigns of public 
information and education and subsidies for the introduction of water saving 
technologies, will be in most cases the most effective.r 
Efficacy is associated with the criterion of acceptability because policy measures will 
have the highest pay-off if society accepts them. 

Economic efficiency 
For a policy measure to be efficient it is required that its discounted economic benefits 
exceed its discounted costs. The efficiency principle was already discussed but it is 
worth to mention again that the re-allocation among users such.that water moves to 
_higher-value uses is essential to gain an optimal solution. 

Equity and distribution effects 
Equity can be reached in an undistorted market through trading from lower to higher­
value applications. As soon as the market gets distorted through for instance 
subsidised inputs or protectionism in crop prices, equity is not guaranteed any longer. 
Instruments should be fair with respect to their impacts on the various socio-economic 
groups. It is often recognised that groups with less influence get low priority in the 
provision of public water services. The equity criterion is often contradictory to the 
economic efficiency criterion, which is only concerned with the magnitudes of benefits 
and costs and not their distribution (Colby Saliba, 1987). Although, in theory, efficiency 
improvement through reallocation should lead to a higher net social benefit, some 
groups that do not have anything to trade with (money, water rights, political power and 
legal power to impose transaction costs) will suffer losses if no compensation 
payments are taking place. 

Public health and nutrition 
The World Bank warned that over one thousand people are in need of safe water 
supply and proper sanitation (FAO, 1995). Hundreds of million of people who suffer 
from intestine diseases due to lack of hygiene would benefit if a general improvement 
in water supply and sanitation would take place. Especially in developing countries 
where the infrastructure of the water system is not as obvious as in the developed 
countries, this criterion is very important. 

Environmental impact 
Consideration of the environmental criterion got more importance in recent years only. 
The increasing significance of environmental impacts is the reason why demand 



166 ILRI WORKSHOP: WATER AND FOOD SECURITY IN (SEMI-) ARID.AREAS 

management measures are getting r'!'!Ore popular. They reduce the environmental costs 
arising from the development of supply projects, which used to be favoured in water 
management decision making. 

Fiscal impact 
It is beyond question that the sum of all policy measures should have a non-negative 
net impact on the finances of the central or local government, the water utilities and the 
irrigation agencies. For instance, positive effects such as taxes, higher water prices 
and charges should outweigh negative effects such as subsidies or tax relief. 

Political and public acceptability 
As already mentioned, acceptability is combined with efficacy. The factors that 
determine acceptability are the distribution of costs and benefits, the severity of the 
problem, the educational level of the population, the role of prominent political and 
community figures, and the readiness for behavioural change in society. A policy 
measure that gets support from the target groups involved is more likely to be 
implemented than one that runs into severe resistance of the affected parties. · 

Sustainability 
The most sustainable policies are those that have an increasing positive long-run 
effect. They consist of elements that reinforce each other such that their impact is 
continuos and growing over time. 
Short-term measures have a strong instantaneous effect. They are introduced in a 
case of emergency such as a drought when quick action is required. They loose their 
impact when emergency is over. 

. ~ ·• . . . .. : 

Administrative feasibility . 
This criterion refers to the government's capability to administer, enforce and monitor 
its chosen policy measure. In the case of water pricing for instance, it has to be kept in 
mind that it requires quite a lot of staff and organisation that is connected with the 

. metering and the collection of revenues. Moreover, there must be a willingn~ss and 
ability to prosecute non-payers. 

Macroeconomic environment 
Agricultural and food policy measures on macroeconomic level can be supporting as 
well as discouraging for water conservation policies. If, for instance, prices of water 
intensive crops are subsidised and protected, it will be more difficult to let farmers' 
behaviour change towards crops that use water more efficiently. Therefore, 
liberalisation could have in many cases a positive effect on water policies. 

Enabling conditions 

The term 'enabling conditions' or 'enabling environment' describes the creation of a 
general basis for encouraging a more economically rational use of resources through a 

. change in the institutional, legal and economic framework within which this resource is 
supplied (Winpenny, 1994). According to Young (1986) the surrounding circumstances 
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should not be underestimated. He proqlaims that the choice of institutions to co­
ordinate economic activity is among the most fundamental of social decisions. 
Enabling conditions build the conditions that are necessary for the introduction of other 
Instruments. For instance, in the literature about the introduction of water markets in 
several countries it becomes obvious that the government has to check in what way its 
new policy conforms to the existing legislature and to what extent a law making 
process has to be carried out. Some examples of legal issues that are important for 
water markets are: the security of water rights, certain rules in case of a conflict, the 
question whether water rights may be transferred separately from land, and the 

. management of third party effects. The latter includes e.g. return flows, changed 
groundwater levels, and changed water quality (FAO, 1995). A further explanation of 
water markets can be found below. , 
Another example is on privatisation of water supply. Since water supply systems have 

. a high fixed-costs-component, they have the characteristics of a natural monopoly and 
are therefore predestined to be in public hands, However, different fprms of 
privatisation are implemented to increase efficiency. An often-used example of 
privatisation is the French water sector (Dijkgraaf eta/., 1997). In the French model two 
different forms of contracts between the authority and private firms exist. One is the 
lease contract where only the operational tasks such as extraction, purification, 
wastewater treatment and discharging are privatised but the waterworks system and 
the installations are still property of the authority who is also responsible for necessary 
investments. Lease contracts are short-term contracts and are the most common. The 
other form is called concession contracts. They are long-term contracts and can last up· 
to 50 years and the private company is fully responsible for maintenance and 
investments. After expiration of the contract all property rights go to the government 
and the private owner gets a compensation payment if the investments are not 
depreci~ted. 

Market-based incentives 

Pricing Reforms ', 

As already mentioned, a marginal cost pricing system would contribute to an efficient 
allocation of water. The introduction of marginal cost pricing implies that users have to 
pay a higher price, which is also reflecting opportunity and social costs. The effect of a 

·price increase on water demand depends on its price elasticity. Pricing measures can 
only have a positive influence on water conservation if the elasticity of demand is 
significantly different from zero and negative. Several estimates of the price elasticity 
can be found in the literature. They vary widely according to sector (industry, 
agriculture and municipalities), utilisation (indoor or outdoor), country and season 
(Gibbons, 1986; OECD, 1987). They are mainly situated in the inelastic range of the 
demand curve, which means that they have values between zero and minus one. It is a 
wide spread opinion that the pricing instrument is not very effective because of the low 
price elasticity of water demand. The problem is that the low price elasticities are based 
on estimations calculated from existing water prices, which are obviously too low. 
Estimation based on higher prices that reflect the real costs of supply would probably 
show that the demand curve would become more elastic. 
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Metering is required in order to be able to register and control consumption of the 
different users, which is an essential condition for the implementation of water tariffs · 
being as an instrument for water conservation. Estimates of irrigation water use in 
. Mexico by Schramm and Gonzales (Young and Haveman, 1985), and of urban water 
use by Hanke and Gysi, point out that the introduction·of a metering system combined 
with volumetric charges had significant impacts on consumption. A similar result is 
found by the OECD ( 1987) in its examination of pricing of water and related services. 
They find that the in~roduction of volumetric charges creates notable reductions in 
demand and consequently economic and environmental benefits. However, the OECO 
(1987) concludes that the final decision of introducing a metering system will depend 
on its costs and benefits. 
With respect to equity the pricing instrument can be approached from two sides 
(OECD, 1987). On the one hand metering is recognised as fair because everyone pays 
exactly the amount that he/she used. On the other hand it is criticised that poorer 
members of the S?Ociety are at a disadvantage, because they have to spend relatively 
more of their income on water, which is, as stated by the United Nations, a basic need 
and everyone should have the right to its provision. To guarantee equity it is important 
to develop a charging system that considers income classes, disadvantaged regions 
and user categories (OECD, 1987). The danger of the complexity of such a charging 
system is that it may become too difficult for consumers to understand. This may have 
consequences on public acceptability with negative effects on the effectiveness of price 
measurements. Public acceptability is directly related to the costs of control and the 
extent.of theft and fraud. These costs should not be underestimated. Water theft is a 
common feature in developing countries. 
Without a doubt, the introduction of an effective metered charging system needs a lot 
of research, planning and investment. But for an efficient market where prices are 
supposed to be a signal of real scarcity, the effort that has to be made in the beginning 
can be worthwhile in the future. · 

Tradable rights and water markets 

Tradable rights and water markets emerged in areas where water scarcity became very 
severe and new supplies were not easy to discover. Becker (1995) reports from Israel 
that the stimulus to introduce a water market arose from the fact that investments in 
institutional changes that are necessary for a proper functioning of the market appear 
to be cheaper than investments in developing new supplies such as import or 
desalination installations. The most important condition to be introduced for a · 
successful working of a water market is that property rights are secure and well 
established (Gazmuri Schleyer and Rosegrant, 1996). 
If water becomes a marketable good, a transfer of water from lower to higher value · 
application will be set in motion. It will stop if the marginal benefits of all applications 
are equal. 
In a simple example with e.g. only two participants overall benefits can be maximised 
by trading. In reality, however, there will be negative effects on third parties. The 
problem of the third party effects was already taken up while discussing the equity 
criterion. It should be mentioned that especially instream uses that are difficult to 
evaluate are often neglected because its interest groups do not have enough 
purchasing power. 
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Gazmuri Schleyer and Rosegrant (1996) who investigated the Chilean water market 
describe an example of a good functioning water market. They emphasise that the 
positive picture of the Chilean water market owes much to its legal and institutional 
framework. It is found that there are strict laws for the protection against adverse third­
party effects, for water user organisations and for solving conflicts if these cannot be 
solved by the organisations themselves. Another success supporting item is the 
decoupling of water from land. This regulation makes it possible for the farmers to sell 
water to urban users. This is a lucrative trade for the farmers and it stimulates them 
even more to increase efficiency in their production processes. 
Water markets have to be diversified with respect to different qualities and different 
purposes of use. Spulber and Sabbaghi (1994) state that water can be seen as a group 
of differentiated products for different purposes traded in different markets at different 
prices. Ideally a wate~ market would give·complete information on all these aspects to 
all market participants and authorities. Colby eta/. (1993) also enters upon price 
dispersion in water markets. Based of empirical evidence they conclude that the price 
of water rights depends on: a) the geographic area, and the characteristics of the local 
market, b) the size of the transaction, c) the number and size of potential traders, and 
d) the information and search costs that are involved in the transaction. 
The high demand for regulatory and administrative institutions is often mentioned as a 
major disadvantage of wat~r markets. However, if a supporting institutional framework 
is guaranteed, water markets with secure property rights can be a good approach to 
achieve an efficient allocation and to stimulate investments in water-saving 
technologies (Gazmuri Schleyer, Rosegrant, 1996). 
In order to bring water markets into line with m_odern forms of communication, the 
internet and e-mail can surely not be left out of consideration in the future. Olmstead.et 
a/. (1997) report about the application of Waterlink, the first electronic water market 
system. This pioneer system has been established in the. Westlands Water District in 
California and it enables water users to buy and sell water rights with their home 
computers. Waterlink contains weekly and seasonal market statistics on the number 
and volume of transactions, the average trading price, rainfall summaries and water 
storage levels. Olmstead eta/. conclude that electronic water systems will definitely 
improve the efficiency of water markets because they are able to reduce the high 
information, search and negotiation costs that are often claimed to be major obstacles 
in water trading. 

Effluent or pollution charges 
Although this instrument is actually placed in the category of water quality improvement 
it has also influence on the quantity of water used. Effluent and pollution charges are 
imposed ·to internalise the costs arising from the environmental damage caused by the 
discharge of (industrial) wastewater. If these charges are set high enough, industries 
are encouraged to invest in their own wastewater treatment and recycling plants in 
order to reduce costs. Recycling and reuse of wastewater consequently implies that the 
demand for fresh water decreases. If this measure were combined with higher water 
prices for industries or subsidies for the installation of recycling plants the incentive to 
reuse wastewater would be even stronger. 
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Water banks . . 

A bank is.an institution where goods that are abundant at present can be stored for 
future use. Water .banking in its simplest form m~ans that surface water that is not 
needed no~ is conducted·to an area where it can percolate to recharge an aquifer. In· 
times when surface water is scarce this groundwater can be pumped up again in order 
to meet demand (Winpenny, 1994). A well known example of water banking is that of 
the establishment of a water bank in California in 1991, after a major drought during 
which the state was responsible for water transfers. According to Keller et a/., who is 
ci~ed by Winpenny (1994) a water bank is an effective short-teni1 emergency 
instrument. The long-term effects of water banking are not very clear because there is 

. not yet enough experience in this field. The observations made in California show that 
next to the state-controlled water banks there are also a lot of private-controlled water· 
transfers taking place which may appear to. be more appropriate ones (Isreal and Lund, 
1995). . 

Auctions 
Water auctions. are not very common, Some examples· can ·be found in the USA 
(Victoria State), Spain and Australia (Winpenny, 1994). It is exclusively used forthe 
distribution of wat.er among farmers. For an auction to be sensible it is necessary that · 
the water under consideration is fully controlled by the water aut~ority and that n9 other 
users can dispose it. In an auction a minimum price is established and subsequently 

. the person who can bid the highest price ·for a specific amount of water will have it at . 
. his/her disposal. Theoretically, this r:nechanism could leaq to an efficient allocation of 
that water but in practice it is often realised that part of the bidders made engagements 
with each, other beforehand such th~t th.e allocation mechanism was undermined by 
monopsonistic behaviour (Winpenny, 1994). · · · 

Subsidies· 
In the framework of water management measures there are two ways of dealing with 
subsidies. Firstly,, there are the subsidies on water consumption that fail to give a clear · 
sign of real scarcity to consumers with the result of excessive consumption and 
secondly .there are the subsidies that intent to support firms in the investment of water 
saving technologies. Beyond dispute, the subsidies in the first case have a negative 
effect on an efficient allocation of water. Subsidised water can be found in all user 
categories. Especially in developing countries the basic-need criterion of water causes 
that municipal water facilities are highly subsidised, such that water can be provided at 
a lower price. Subsidised irrigation water in agriculture leads to uneconomic . 
applications on low value crops and it raises the possibility that farmers irrigate just to 
calm their conscience. This will be worse if farmers have invested recently in high cost · 
irrigation i'nstallations (fixed costs) and variable costs are low due to the subsidisation 
of water. · 

. The second application of subsidies is a bit ambiguous. On the one hand they are 
supposed to have a positive effect on water conservation because they should 
encourage firms to invest in water saving technologies (including wastewater treatm~nt 
facilities for recycling and reuse as mentioned earlier). On the other hand there is also 
substantial criticism attached to this kind of subsidies. Baumel and Oates (1975) point. 
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out that uncontrolled granting of subsidies would attract new firms into a business 
which would more than off-set the reduction of water use that is attained by single 
firms. Another issue, pointed out by Hommes and van 't Hof (1989), is that the 
subsidised technologies are in many cases end-of-pipe technologies that only shift the 
environmental problem to another level. In the example of wastewater treatment plants, 
unwanted substances are accumulated in the sludge. Instead of investing in end-of­
pipe technologies, more effort should be spent on solutions that try to avoid 
environmental problems before they actually arise. Anderson eta/. (1977) state that 
these subsidies cause a shift of,investment from improvement of process related 
innovations to investment in wastewater treatment facilities only. 
However, it cannot be concluded that subsidies in water management should not be 
introduced in general. It is only a warning that attention has to be paid to the negative 
side effects that can come up if a subsidy scheme is not well planned and difficult to 
control. 

Taxes 

Taxes have to be levied to equate social and private marginal costs in order to 
internalise external effects that arise from water use. The optimal tax level can be 
added to Figure 3, which is depicted in Figure 4. 

At the existing price P*, the distance tis the optimal tax level because this amount has 
to be added to private marginal costs to incorporate social marginal costs .. The tax 
revenue that is received by the government is equivalent to the shaded rectangle 0-E­
F-G. Originally, the costs that had to be borne by society were shown by the triangle A­
B-C. After the introduction of the tax these costs are internalised. The remaining area 
E-8-C-F can be divided into two parts: one is the triangle E-C-F that describes part of 
the forgone benefit to the private producer and the other is the striped triangle 8-C-E 
that ~xpresses social welfare gain. 

The theoretical framework of the optimal tax level is clear but some difficulties emerge 
if a proper tax level has to be determined in reality. In most cases it is hard to attach an 
objective monetary value to the damage arising from the excessive use of a natural 
resource. The perpetrators of the externalities usually evaluate the damage less severe 
than other interest groups. Whether the imposition of a certain tax is accepted by the 
society, depends heavily on the provision of information, and on the influence, and 
lobbying capacity of interest groups. 

Non-market-based Incentives 

Restrictions 

A common situation in which restrictions are imposed is at times of unusual dry periods 
such as droughts or .seasonal water shortages. The restrictions may consist of 



172 ILRI WORKSHOP: WATER AND FOOD SECURITY IN (SEMI-) ARID AREAS 

Monetary Un 

Social marginal 
cost curve 

Private marginal 
cost curve 

I c I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Qp quantity of 
water 

Figure 4 Social and private marginal costs and the optimal tax level 

prohibiting irrigation, municipal outdoor uses (lawn sprinkling or car washing) or of 
industrial production constraints. A major disadvantage of this instrument is its 
dependence on monitoring and execution,_which may turn out to be too expensive. In 
cases where the administration is subject to corruption and bribery performed by bulk 
users even more pressure is put on small~scale users. A restriction scheme can only 
be successful if it is fair to all groups of the society and the need of it is clear to all 
consumers. 

Quotas, and licenses 

Quotas and licenses are based on quantity control. They are· divided among different 
users with the intention to allocate a restricted amount of supply in a most efficient and 
equitable way (Winpenny, 1994). Penalties have to be introduced for those users who 
exceed their assigned quota. This, in turn, means that it is dependent on monitoring 
and control. Although intended to restrict supply in an efficient way, it is obvious that 
quota hardly ever lead to an optimal allocation. · 
There are different ways to determine the distribution of quota among the different 
users. Rosegrant (1997) mentions two possibilities. Firstly, the assignment of the quota 
in proportion to the water that was extracted by each user in a certain base period .. This . 
is called a grand-fathering system. Secondly, in the case of groundwater extraction in 
agriculture, appropriation on the basis of the amount of land owned above an aquifer. 
In many developing countries water user groups are being set up. This is ideally done 
on a (sub)catchment basis. Upstream and downstream users then negotiate on 
entitlements. As all kinds of social and historic issues play a role in these negotiations, 
the resulting quota or water rights are often not proportionate to a well quantified, 
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measurable entity. However, the system works as long as consensus is reached, and it 
is not difficult to think of circumstances where it will be more efficient than applying a 
straightforward proportionate rule. 
According to Arlosoroff, cited by Winpenny (1994), quotation and licensing attained 
great success in the Israeli industrial sector. Within 20 years, between 1962 and 1982, 
the average water consumption (per unit value of output) was reduced with 70%. In 
that case, quotas were delivered according to norms of best-practice technology in 
combination with the specific circumstances of each firm. 

Education and persuasion 

It is doubtful whether the instrument of education and persuasion has influence on 
consumer behaviour if it is introduced on its own. Winpenny (1994) notes that it could 
be used as an announcement for a price increase to "soften up" consumers. Martin and 
Kulakowski (1991) concluded on the base of an empirical research on urban water use 
in Tucson, Arizona, that without an increase in price at the same time, information and 
education do not seem to have a significant effect on water consumption. 
Nieswiadomy (1992) found a positive effect of education programs, conservation and 
education on urban water demand in the United States. His calculations show that only 
in the West, public education has a significant effect ·on the reduction of water 
consumption but not in other parts of the country. As a possible explanation of this 
phenomenon he mentions the already existing awareness of water scarcity in the West 
which makes education programs more effective. 

Direct interventions 
In the case of direct interventions, the gove~nment plays an active role in the 
development and execution ofthe programs, whereas in the case of market and non­
market based instruments the government's main duty is to provide an enabling 
environment, in which the individual users behave in their own best interest (Winpenny, 
1994). Measures ofdirect intervention can have a supporting and reinforcing effect in 
combination with the other economic instruments discussed above. For instance, 
conservation programs, water efficient user applicatiop, and industrial recycling 
projects are useful if they are introduced together with price increases, because it 
makes users more keen on the possibilities of saving water. 
Important direct intervention measures are leak detection and repair. programs. The 
costs of these measures are rather high and an involvement of the government is 
hence necessary. Especially in developing countries technical losses due to leaks and 
deteriorated infrastructure can be quite substantial, such that the costs of the programs 
are lower than the value of the water saved and lower than the costs of the creation of 

·new supplies (Winpenny, 1994). 
Another typical situation for a direct involvement of the government is in cases of 
emergency such as droughts or floods. These measures are mainly short-term 
interventions and will stop when the state of emergency is over. 
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Concluding remarks 

The instruments that were discussed in the previous section do not provide a blueprint 
for integrated water resource management in arid and semi-arid developing countries. 
In many of these countries the government does not have the capacity or the means to 
implement the suggested measures. The ·rule of law in these countries is often so weak 
that is also not possible to have enough control and enforcement to prevent fraud, 
theft, favouritism, and corruption. Yet there are success stories to be told. 
In many large cities, e.g. in Mexico and in Marfakesh, water metering has in fact 
reduced water consumption and more importantly induced the water authorities to 
repair leaks. 
But also in rural areas there are systems ·in place that seem to work. Tunisia e.g. is one 
of the few countries whose approach in water resources management has been 
successful. The National Water Operation and Distribution Board (SON ED E) 
guarantees fair and independent distribution of water among different user groups by 
means of a progressive pricing system. Publicity campaigns have increased public 
awareness of the scarcity of water. Industry is taxed for industrial water disposal 
according to the polluter pays principle (VROM, 1996). 
Ano~her example of a major improvement is the decentralisation of Sri Lanka's National 
Water Supply and Drainage Board into five regional service centres with progressively 
increasing managerial authority. Within five years billing had increased by 125%, non­
payment was reduced from 75% to 17%, recovery of Operation and Maintenance costs 

. had increased from 31% to 99%,complaints were requced by 70%, and prqductivity 
-per employee had doubled. This is an example of improved revenue. It is a prerequisite 
for effective water resource management. If your neighbours do not pay the bill why 
would you? And if you db not pay for the water, why bother about.the quantity used? 
(VROM, 1996). . 
Haouz irrigation district in Morocco applies volumetric pricing. Farmers can get . 
discounts if they participate in maintenance of the canals. The Haouz office spends 
about 35% of the annual budget on monitoring, regulation and enforcement. 
Investment in measuring equipment is not included in that amount. That illustrates the 
cost of a pricing system (Tsur and Dinar, 1997) . 
The high cost of monitoring volumetric pricing is the probably the reason for various 
other pricing systems throughout India. Examples include: area charges that vary by 
crop or across season, area charges tha~ vary according to method of irrigation, and 
flat area rates. Only in a few areas with pumped irrigation and tube wells can 

· volumetric pricing be found (Tsur and Dinar, 1997). . 
These are a few examples that developing countries do ponder the pros and con of 
different economic instruments to regulate water use. However the effectiveness of the 
instruments depends to a very large extent on the quality of governance. And that is 
probably one of the few things that instruments that enhance technical efficiency and 
instruments that enhance economic efficiency have in common. 
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DISCUSSIONS: RESULTS OF THE WORKSHOP 

l' 1 A. Schrevel 
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I 

ILRI, Lawickse Allee 11, p.o. box 45, 6700 AA Wageningen, e-mail 
a.schrevel@ilri.agro.nl · 

The following summarizes the main positions taken during the discussions at day 1 and 
day 2 of the VVWW98. Sometimes the positions are contradictory; in those cases the 
discussions did not lead to final conclusions. · 

regarding the question of the relevance of field scale water flow and salt 
transport models for extrapolations to river-basin level: 
• as field-scale models are developed to represent larger, physical-geographically 

homogeneous areas, extrapolation is possible in theory at least 
• instead of extrapolating field scale models to river-basin level in one step, divide 

river basins in homogenous units (hydrological, but also social, economic, and 
agricultural) ... 

• ... subsequently the results of the models representing homogenous units are to be 
combined into a model representing the larger area 

• ... alternatively the field scale model can be run with a set of "average" input data 
representing t_he larger area 

• it can never be certain whether field scale models that in themselves generate 
convincing results can be extrapolated to larger areas . 

• much data have been collected that are not being used (the problem of 'data grave 
yards'1) · 

. • it remains difficult to meaningfully incorporate the needs of farmers in a field scale -
water flow and salt transport - model 

• river basin scale models should b~ based on crop demands at field level 
• models should be based on the principle 'what you measure is what you simulate'; 

this allows for direct verification of results; 

regarding the question of the role of wwf 
• to create a platform of Wageningen-based researchers in the field of water 

resource development 
• to stimulate the access to and exchange of data, including data that are stored 

away and that are not available to users 

1 The problem of 'data graveyards' was also extensively discussed during the \f\/INW97 (A. 
Schrevel, 1997, Groundwater management: sharing responsibility for an open access resource, 
Proceedings of the first Wageningen Water Workshop, 13-15 October, I LRI, Wageningen) 
2 WWl stands for Wageningen Water Initiative; it is a platform for co-operation between 
Wageningen-based institutes with a focus on water issues 
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• to initiate the formulation of objective criteria for model performance; this is 
essential to make progress in the field of modelling 

• to invite others to participate in the (further) development of the models; 

regarding the relation between water and food security 
-• in general increases in food security should come from increased efficiencies in the 

use of water, not from the development of new water resources 
• . increases in food security should also come from increased water use efficiencies 

. in unirrigated areas; knowledge how to do so is available, the problem lies in 
implementing this knowledge 

• in addition to water, nutrients are a limiting factor to increases in agricultural 
production -

• ·increasing production is one thing; ensuring entitlements to sufficient food for all 
and questions related to the distribution of food supplies are equally important 

• food security, or rather the lack of food security, is a problem felt at different levels 
(household - global); in discussions one should be specific regarding the level 

regarding the relevance of drainage 
•· understanding the basics of drainage technology only is not sufficient; one should 

understand the impact of drainage on the hydrology and the ecology of an area, 
even before implementing drainage. . . . _ 

• ILRI's International Course on Land Drainage should be continued; the course 
includes attention for the ecological and environmental effects of drainage 

• in a number of sit~ations agricultural production is not possible without drainage; 
the cases of banana cultivation in Costa Rica, and in general those of India, 
Pakistan, and Egypt, were mentioned 

• drainage is also important in the sense that a sensible use of existing water and 
land resources is important for the food security of future generations; · 

regarding a vision for the future 
• when developing a vision for the future, one should forget the problems of the 

present and. do some creative "out of the box" thinking. 
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