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Another consequence is that a low income household’s consumer surplus

for domestic water is higher than had ever been imagined, and ciose to the
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SUMMARY

Many millions of people in the developing world do not have reasonable

access to safe water. 1f a significant increase is to be achieved in the

rate at which water suppiy coverage is extended, there is little optiori but

to require that those who benefit should pay for at least some of the cost.

However, a rational cost recovery policy requires a knowledge of the

elasticity of deniand - the degree to which payment for water affects

consumption. Many poor urban residents, who are unserved by water

supplies, buy their water from vendors in the informal sector. This report

describes a study of the elasticity of demand for water and the economics

of water vending in urban Sudan.

The fieldwork focussed on two squatter communities in Khartoum - Meiyo

and Karton Kassala — where households at various income levels, paying

different prices for water, were studied by observation and by

questionnaire. The average household in Meiyo spent 17% of its income on

water, whiie the corresponding figure in Karton Kassala, where the price

was nearly four times higher, was 56%. However, water consumption in

Karton Kassala was no lower than in Meiyo. Households within these

coimiiunities also showed no tendency to use less water when paying a higher

price for it, or when their income was below average. Thus, there was no

detectable price elasticity or Income elasticity of demand.

One consequence of this is that the poorest households devote the

greatest percentage of their income to the purchase of water. The only

item in the househoid budget which can be sacrificed to make this possible

is food. There can be little doubt that the high price of water in urban

Sudan is a major cause of the malnutrition which is rife in the squatter
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household’s total income. This has important implications for the economic

appraisal of urban water supply schemes It also foliows that wealthier

households with private connections would be williny to pay at least as

much for water as that currently paid to vendors by the poor.

A study of the micro-economics of water vending showed that, while

profits were negligible in Meiyo, they were considerable in Karton Kassala

and in Port Sudan. There was no evidence of a monopoly or cartel to fix

the price of vendors’ water, but it appeared that certain ethnic groups

could exert some indirect control over prices, by restricting access to the

credit necessary to buy donkey carts, and to the sources of water.

This is in accordance witfi the theoretical consequences of the low

elasticity found In the household surveys; that quite a small change in the

supply of water can have a major impact on its price. Thus, a quick and

cost-effective measure to improve the material wellbeing of the urban poor

would be to reduce water vendors’ prices by improviny the availability of

water. This could be achieved by making water more available for vendors

to bad their carts, or by a revolving fund offering credit to those

seeking to buy a donkey and cart and take up water vending as a trade.
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1 THE CONTEXT

1.1 INTRODUCTION THE INTERNATIONAL WATER DECADE

In 1972, little more than 13% of the rural population of the

developing countries was considered to hdve reasonable access to safe

water. In that year, the World Health Assembly resolved that by 1990 this

proportion should be increased to 25%, implying provision for over one

billion people. Many sceptical analysts doubted that the target would be

reached (Feachem 1977). In the event, the World Health Organization’s

figures indicated that it was not only reached but surpassed. They also

showed considerable progress in extending the coverage of urban water

supply systems, in spite of the rapid growth of the urban populations of

most developing countries. The precision of the figures is open to debate,

but few would dispute that the l97Os saw an impressive advance in coverage.

Perhaps this experience inspired the optimism of the United Nations

Water Conference in 1977, which declared 1981—90 as the International

Drinking Water and Sanitation Decade, and set the goal of supplying safe

water to everyone by 1990. This time, unfortunately, the target really was

overambitious, and many countries have since set more modest goals for the

Decade (WHO, 1987). The progressive increase in the percentage of the

population in developing countries with reasonable access to a safe water

supply is shown in Table 1.

Table 1. Water supply coverage in the developing countries, 1970—85.

1970 1980 1985

Urban 65 73 75

Rural 13 32 42

These figures represent a considerable achievement, but owing to

population growth the absolute number of people without access to safe

Most of the investment funds for the Decade and practically all the

maintenance funds have come from the developing countries themselves. In

the present conditions of economic austerity there is little likelihood

that their hard—pressed government budgets can stretch to the greatly

increased rates of investment whlch would be required to meet even the

revised Decade targets. Nor can aid donors, for all their generosity, be

expected to increase their support for water supply out of proportion to

their assistance to other sectors. They have not done so hitherto (Anon,

1987). This ieaves the consumer as the only other likely source of funds.

In the circumstances, it is hardly surprising that the two constraints to

achievement of the targets ranked as most severe by the countries reporting

to WHO(1987) are

(i) funding limitations, and

(ii) inadequate cost-recovery framework.

The estabiishment of a policy for cost recovery in the water sector

requires an understanding of the demand for water and the factors which

influence it, particuiariy the level of water tariffs and the way they are

levied. The degree to which water demand is affected by tariffs is known

as the price elasticity of demand. This report is an account of a field

study of the elasticity of demand for water for domestic use among low-

income comiiunities in Khartoum, Sudan.

• s a — a — a ~ 5 ~ — 5 5 5
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1.2 ELASTICITY OF DEMAND

In economic pariance, the demand for a product is the amount which

people are prepared to buy under the prevailing conditions. The demand for

some products is heavily dependent 011 the price, falling steeply whenevei

there is a small price increase but rising substantially if the price is

reduced. In this case, the demand is said to be elastic. When price

changes exert relatively little influence on demand, it is said to be

inelastic. Examples of goods with elastic demands would be those for which

there is a ready substitute at a comparable price. Inelastic demand, on

the other hand, is a characteristic of essential goods such as stapie

foodstuffs, whose consumption is determined by people’s dietary needs and

habits more than by price.

Economists iliustrate the relationship between price and demand for a

good by drawing a graph of the quantity which is bought (the demand)

against its price (the unit purchase price). This Is known as the demand

curve. Figure 1 shows how the demand curve slopes more steeply when demand

is inelastic, and is fiatter for elastic demand. The price elasticity of

demand is a measure of the degree of this elasticity. It is a number, for

which the Greek letter 6 is often used. 1f a change in price from P to P

p +~pcauses a change in demand from Q to Q -SQ (see Figure 2), then

6 = SQ P-~ï.n

Put another way, the elasticity E. is the percentage increase in quantity

divided by the percentage reduction in ‘~rice which produces it.

The elasticity is an indication of the slope of the curve, but it is

not an exact one; constant eiasticity does not correspond to a straight

line with constant siope, but rather to a curve whose slope varies in order

to keep the percentage changes in the same ratio.

The area A of the rectangle formed on the demand graph by the axes,

- 55 S S M S S —

the ordinate and the abscissa (the rectangle a b c d in Figure 2) is equal

to the total revenue generated by sale of the good, because

A = PxQ.

Note that when demand is elastic (that is, when ~ ? 1), the total revenue

can be reduced by an increase in price. This paradox corresponds to the

fact that the area a
t b’ c’ d in Figure 2 is less than the area a b c d.

The consumer surplus

There is another way in which areas under the demand curve can be

understood. Consider a reduction in price from P
1 +Sp to P1, bringing

about an increase in consumption from - &Q to Q1 (Figure 3). By

deciding to buy the additional quantity Q at a price of P1, but not more,

consumers have shown impiicitiy that they value it at that price; that is,

its total value to them (price times quantity) is P1.SQ whlch is the area

of the strip shaded in Figure 3.

This implicit valuation has meaning even if the price is really (or

subsequently) fixed at a lower figure such as P2, so that consumers buy a

larger quantity Q2. Contemporary economists refer to it as “utility”.

Adam Smlth termed it “value in use”, to distinguish it from the actual

price, or “value in exchange”. 1f is the quantity purchased, it can be

considered as being the sum of a large number of small quantities &Q. The

utility of each of these to the consumers is the maximum price at which

they are willing to buy it, and this may be greater than the price they

actually pay. The total utility to the consumers of the total quantity

actually purchased can be seen as the sum of the area of a series of strips

such as that shown, lying between and the vertical axis of the graph.

In the limit, as the strips become imperceptibly small, this is the area of

the trapezium e b c d in Figure 3.

Now, it has aiready been shown that the total amount paid when the

price is P2 will be P2 Q2, the area of the rectangle a b c d in the Figure

3
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3. Thus, the difference between the value of the product to the consumers

and the amount they pay for it is represented by the difference between

these two areas - that is, the area of the triangle e b a. This difference

is known as the consumer surplus. When demand is highly elastic, the graph

is relatively flat so that the area of the triangle is small compared with

that of the rectangle. In other words, the consumer surplus is small in

relation to the amount paid. On the other hand, in an inelastic market the

demand curve siopes steeply, and the consumer surplus may be very large.

In that case, the value of the product to the consumers may be much greater

than the amount they actually pay for it.

Income elasticity

The foregoing discussion has focussed on price elasticity, which

expresses the relationship between price and demand. However, the demand

for a product is also influenced by the incomes of those who may wish to

buy It. Generally, those with higher incomes will tend to purchase more.

1f they purchase much more, there is said to be a high income elasticity of

demand. Income elasticity can also be represented graphicaliy, on a graph

of demand against income (see Figure 4).

1 3 THE OBJECTIVES OF WATER SUPPLY

Any rational policy for the provision of water supply must be based on

a dear definition of the objectives which it is desired to achieve. This

is not as easy as it might seem, as the question is complicated by several

factors.

First, the experience of the industrialised countries, in which the

consumer is willing and able to pay the full cost of a very high level of

service, has encouraged many of those active in the sector to perceive the

provision of the highest possible level of water suppiy service as an

objective in itself. This tendency has been exacerbated by the setting of

goals for the Water Decade which are often unrealistic and usually couched

in terms of the numbers of additionai people to be supplied. This has led

to distortions such as inappropriateiy high standards and to undue emphasis

on the construction of new water supplies, to the neglect of those already

existing (Briscoe and de Ferranti, 1988).

Second, some of the most important potential benefits, such as

improved health, are in practice very hard to measure (Blum and Feachem,

1983). Others, such as industrial development, may be more easily

observed, but are not necessarily attributable to improvements in water

supply (Saunders and Warford, 1976). The practical difficulties of

measuring and attributing benefits mearts that there is a lack of objective

knowledge about the kind of water supply prograrrmie most likely to bestow

them.

Third, the different parties involved in building, financing and using

water supplies may have very different perceptions of the objectives of a

water supply progranmie, and political considerations often bom 1ar~e. In

most developing countries, there is a strong public demand for water

supplies, so that for politicians, the promise to provide them may be an

effective vote-catcher, and the albocation of resources in the sector often

5 6
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forms an important part of political patronaye systems, or an adjunct to

politically-motivated schemes to direct or control patterns of settlement

(Cairncross, 1988). To international aid ayencies, on the other hand,

water suppbies have different attractions. They are a tangible

contribution towards meeting the basic needs of the poor and improviny

their quality of life; water supply construction requires no major changes

in land ownership or in the local balance of power; moreover, the sector

can often benefit from the foreign technical expertise and foreiyn

equipment which aid agencies can provide.

For the economist, however, water suppbies offer two benefits which

are concrete enough to be considered as objectives. Both of them accrue to

the users. The first is improved health, and the second is a saving in

time (or, in many cases, nioney) which would otherwise be expended in water

cobbection. These are considered in turn.

Jmproved health

In the past, the general expectation has been that water supply

improvements will, by preventing the water-borne transmission of a wide

range of enteric diseases, lead to significant health improvements. To a

considerabbe degree this perception has been based on the historical

experience of major water—borne epidemics of chobera and typhoid in the

Industrialised countries, and the success of sanitary engineering

interventions over the last 100 years in preventing them.

More recently, some studies of the health,impact of water suppbies in

deveboping countries have failed to detect the expected health benefits,

beading to a certain amount of disillusionment (Feachem, 1985). However,

the Bradley classification of water-related diseases (White, Bradley and

White, 1972) provides an expbanation for these sometimes puzzling findings,

as will be shown in the following discussion. Bradley drew the important

distinction between the strictly water-borne transmission of infections,

directly related to poor water guality. and transmission bj’ “water—washed”

routes such as the contamination of hands, food and utensils due to a lack

of water in sufficient guantity to maintain adequate standards of personal

and domestic hygiene.

Water—borne transmission is best controlled by the provision of

drinking water of high microbioboyical quality, whereas the control of

water—washed transmission requires the provision of water in quantity,

irrespective of its quality, and with sufficient convenience and ease of

access to encourage its plentiful use for hygiene purposes. The relative

priority to be attributed to quality or to quantity in the provision of

water supply depends on the relative importance for public health of the

two types of transmission route. Clearly, the relative importance of

water-borne and water—washed transmission is of great significance for

water supply policy.

However, the question is not easily answered because the faeco-oral

enteric infections can potentially be transmitted in both ways. These are

a major cause of child mortality and constitute the most important group of

all the water—related diseases. They include the paediatric diarrhoeas

which cause so many child deaths, and also typhoid, cholera and other

enteric diseases which afflict poor conmiunities in the devebopiny world.

The exact modes of transmission of these infections among bow-income

coirmiunities have been the subject of considerable debate (Briscoe, 1978;

Shuval etal., 1981; Cutting and Hawkins, 1982,; Esrey, Feachem and Hughes,

1985). Water-borne transmission has been demonstrated to occur in some

well-known epidemics. However, there is an accumulating body of evidence

that nTost of the endemic transmission of these faeco-oral diseases is by

water-washed routes.

This evidence includes the comprehensive review of the published

studies by Esrey and Habicht (1986) who found that in most of the cases

7 8



Taylor etal., 1985, Cairncross and Cliff, 1987), some skin infections

(Jancloes and Jancloes—Diepart, 1981), and two infections transmitted by

body lice (Feachem, 1977). The failure of some water supply prograrrmres to

have a detectable impact on any of these liealth problems can be explained

by the fact that, in spite of providing water of yreatly improved quality,

they did not bring about an increase in the quantity of water used for

hygiene nor an improvement in specific hygiene habits, sufficient to reduce

the water—washed transmission of faeco-oral and other diseases.

In this context, the factors affecting water consumption among low-

income populations take on an added significance. In particular, if the

cost of water, whether in cash or in valuable time spent collecting it,

deters consumers from using it In desirable quantlties, this could vitiate

the important health benefits which investments in water supply seek to

ach ieve.

There is one Important infection which, contrary to the general rule,

is exclusively related to water quality, and that is guinea worm, which can

only be caught by drinking infected water. The eradication of guinea worm

disease has been declared a goal of the International Drinking Water Supply

and Sanitation Decade (WHO, 1986). The disease is only found in the Sahel

region, the Indian subcontinent, and in one or two foci between those

areas. Recent studies in the Sudan (Cairncross and Tayeh, 1988) have found

that apparently minor disincentives to the use of improved supplies may

lead people to continue to drink from sources of water infected with the

disease. a water tariff could potentiijly be a disincentive. The

elasticity of demand for water is therefore relevant to this case also.

Time saving

The provisiOn of water cboser to the home permits significant savings

in time spent in the chore of water collection. Since the task of

collecting water generally falls to women, this saving is an important

where water supply improvements were shown to have brought about a

reduction in diarrhoeal disease, these improvements had included an

improvement in access to water in quantity. Further evidence is provided

by a major ODA-sponsored evaluation of village water supplies in lesotho

(Feachem et al., 1978), which found that neither diarrhoeal disease nor

typhoid was primarily water-borne.

A graphic illustration of the two transmission routes is provided by

Elzubier (1977), who studied a typhoid epidemic in the town of Kosti in the

Sudan. The epidemic curve is shown in Figure 5. The epidemic was found to

have been caused by water—borne transmisslon, due to an interruption in the

disinfection of the town’s water supply, which lasted from July lst to

lYth, 1976. The cause of the epidemic was identified by a Ministry of

Health team on July 2Oth. Disinfection was immediately restored and the

water quality was meticulously monitored thereafter. However, the graph

shows that typhoid had been endemic in the town before the epidemic, and

typhoid cases continued to be reported long after the restoration of

disinfection and the expiry of the 10-day incubation period for the

disease. These additional cases were clearly not water-borne, and must

therefore have been water-washed. The increased incidence of water-washed

disease after the epidemic can be explained by the existence of a greater

number of temporary carriers in the town. The number of cases in the

epidemic was large, but still more endemic, water-washed cases must have

occurred in the town during previous and subsequent years.

In this example, and indeed it would seeni in many other cases, the

water-washed transmission of an enteric infection is in the long term of

greater public health importance than the occasional episode of wat~r-borne

transmission. Moreover, some diseases are water-washed, but clearly can

never be water-borne. This includes eye infections such as trachoma, whose

rel ationship with poor water supply is well documented (Marshall, 1968;

s a a .. s a a S s s s a S s S s s
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of such coimnunities to pay for water, and no studies have used the

information to make an empiricab assessment of the value the consumers

implic-itly set on their time.

It is nevertheless justifiabbe to include a valuation of time savings

in cost-benefit calculations for water suppby investments, in the same way

as time savings are used to justify investments in road construction in the

industriabised countries. A reasonable rate to use for this purpose would

be the average wage rate for unskilled labour. On that basis, a detaibed

desk study by the World Bank (Churchill, 1987) bed to the conciusion that,

irrespective of any potential benefits to heabth, rural water supply

linvestments could usually be justified on the basis of time-savings alone.

A more remarkable conclusion was that in many cases, the provislon of

/ indlvidual connections was more cost-effective in securing time savings

than the installation of public standpipes, in spite of its greater per

capita cost.

The World Bank study referred to rural water supplies, but it is

bikely that similar conclusions could be drawn for many urban systems,

especially when time spent queuing at the water source is inciuded. In

urban areas the savings are as likely to be in money as in time, since

large sums are often paid to water vendors. Money paid to water vendors is

generally drawn from that part of household income which is at the disposal

of the housewife for domestic expenditure. Payments to water vendors mean

that expenditure on other items in the househeld budget, particularly food,

is bikely to suffer. 1f water is provided cbose enough to the home to

enable househoids to collect the-ir own, additionab funds are made availabbe

to the housewife and diet is likely to improve.

A study in Stockton-on-Tees, UK, in the early l93Os (MGonigle, 1933)

offers a dramatic illustration of the way in which sacrificing expenditure

on foodstuffs can be prejudicial to good health. M’Gonigle found that

contribution to their emancipation, and a significant improvement in their

quality of life. In many low-income comunities, both rural and urban, in

developing countries it is typical to find women spending over an hour each

day collecting water. The avoidance of this drudgery through better water

supply is a benefit more imediateby perceptible to the users than health

improvements, and Is the principab reason for the popubarity of water

supply progranmies in the developing world.

Women may use the time saved in a variety of ways, many of which may

promote secondary health benefits. For example, there is evidence that

women who have more time for child care, particularly for feeding their

children, have children who are better nourished (Popkin and Solon, 1976;

Tomkins etal., 1978). A great deal of women’s time in most conmiunitios is

spent in the tasks of cleaning, sweeping, scrubbing and washing, which are

essential for the maintenance of good hygiene. More time to perform those

tasks effectively could lead to health improvements.

Surprisingly little research has been devoted to the ways in which

women use the time freed by improved water suppby, but the few such studies

which have been carried out (Feachem etal., 1978; Cairncross and Cliff,

1987) suggest that much of it is devoted to other household tasks and to

social activity. Whatever the use to which it Is put, there is evidence

that It is highly valued. Women in many low—income comunities are

prepared to pay as much as 10% of their househobd income to water vendors

who deliver water to their door (Zaroff and Okun, 1987).

Studies of queuing behaviour in the United States (Deacon and

Sonstelie, 1985) have found that most people implicitly value their time at

a rate similar to their net hourly wage rate, which is a not irratiônab

estimate of its opportunity cost. There is no reason to believe that bow-

income conmiunities in developing countries are any less rational in this

regard, but so far there has been very littbe research on the willingness

~1’; 1
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working class households which were moved to new housing estates with

better water supply, sanitation and other facilities had higher mortality

rates than their neighbours who remained in the slums, because their

increased expenditure on rent had caused their diet to suffer. Very little

is known about the ways in which low income households in developing

countries adapt their expenditure to respond to demands on their resources

such as paynients for water. However, it is well established that resource

allocations made within such househoids do not usually favour vulnerable

groups such as women and children (Golladay, 1983), so that these may be

the first to suffer from increased water prices.

1.4 THE CASE FOR COST RECOVERY

The figures collected by WHO (1987) and shown in Table 1 above suggest

that the proportion of the urban population served by safe water supplies

is advancing by some 7% every 10 years, while in rural areas, each decade

sees an increase in the coverage rate of some 20%. At these rates, the

original target of the Water Decade will not be reached before 2O2O,and

meanwhile many millions of people will have to go without this basic need

being met. There are four ways in which the rate of progress can be

improved:

i. reduction of unit costs

ii. increased investment from external sources

iii. increased investment by national governments

iv. increased recovery of costs from the users.

These are discussed in turn.

i. Reduced unit costs

Reducing the cost per capita of water supply construction through the

use of appropriate technobogy is attractive, and has been used with success

in some countries to permit an accelerated rate of water supply provision

(Arlosoroff et al., 1987). However, in rural areas there are limits to the

reductions which can be achieved by these means without prejudlce to the

reliability of the water supplies, and in urban areas the technology is 50

well deveboped that there are few opportunities for cost reduction. On the

contrary, the increasingly large cities of the developing world, many of

them located in semi-and or coastal regions deficient in fresh water

resources, are having to look ever farther afield for suitable water

sources from which to abstract. The high construction cost of long

distance pipelines and the energy cost of pumping will thus tend to

increase the unit costs of urban water supply in the future. Moreover, the

unit costs of oil-based products which as polythene pipe, of energy-

13 14
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intensive goods such as cen~L, and of some other items required to build

water supplies, have tended to rise and will probabby continue to do so in

the future.

WHO (1987) found that ~ban water supply construction costs per capita

had increased from 1980 to 1~85 in all 5 regions of the developing world,

roughly in line with the rte of inflation in the industrialised countries.

Rurab water un-it costs were less consistent, falling in some regions and

rising dramatically in oth~s, but the general trend was still upwards

Thus no marked overall redtction in unit costs was achieved in the first

half of the Decade, in spite of this period being considered by many as one

of widespread adoption of l~—cost technology (Feachem, 1980). It would

therefore be unwise to count on such a reduction in the irmiiediate future.

ii. Increased investment from external sources

It has been estimated that some USS 2 billion are invested annually in

the water sector by international agencies, development banks and non-

governmental organizations (Bietrich, 1983). However, there is no evidence

that these external donors ~Ö lending agencies have responded to the Water

Decade by significantly increasing their assistance to the sector. For

example, the proportion of ~r1d Bank funds disbursed for urban water and

sanitation projects remained roughly constant over the ten years 1975-85,

at less than 5% of the Bank’s total lending. Only 0.5% of total lending

has been for rural water supply (Churchill, 1987). Great efforts were made

at the start of the Decade 1»’ UNDP, WHO and several major bilateral donors

to assist developing countries with tF(è preparation of Decade Plans and of

project documents for submjssion to donors, and to mobilise donor support

for water projects. Even were these initiatives to be repeated, there is

no reason to believe they would be more successful the second time around.

Some regions, and some countries in particular, are already heavily

dependent on external funding for water supply investments. In Africa,

external funds accounted for some 75% of sector investment in 1985, and a

similar figure applied to the least developed countries in the world as a

whole (WHO, 1987). This dependence is likely to continue, but donor funds

are unlikely to meet the increasing requirement for recurrent expenditure,

to maintain and operate the increasing numbers of water supplies which they

have helped to build. 1f the necessary funds to meet recurrent costs are

not raised from local sources, they are unlikely to be raised at all.

iii. lncreased investment by national governments

The tide of monetarist thinking which has swept through the capitals

of Europe and North /kmerica did not stop at the Tropic of Cancer. ~s the

high ofi prices and ready boans of the 19
7Os gave way to the high interest

rates of the 1980s, they precipitated severe foreign exchange crises in

most of the developing countries, and the strict tutelage of the IMF has

taught many of them the hard lesson that the linkages between public

spending and the forelgn exchange deficit are cboser than they had

imagined. Austerity and retrenchment are evident in the budgets of most

developing countries today. Capital expenditure is the first to suffer,

particularly in social sectors such as health, education and water supply.

Increased government investment in water supply is indeed a remote prospect

in all but a privileged few developing countries.

iv. lncreased cost-recovery

From the foregoing it is evident that the recovery of at least a part

of water supply costs from the users is practically the only option

offering a possibility of increasing the funds available for the sector,

whether to permit an increased rate of water supply construction or to meet

the increasing recurrent expenditure requirements of operation and

maintenance.

There is also an important equity argument for cost recovery, which

has been succinctly stated by Laugeri (1987). It is often concealed
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beneath polemical statements that access to water is a right and should be

free. Laugeri suggests that the premise should be re-phrased, to state

that safe water as a public cormnodity should by rights be available to all,

in most developing countries, where full coverage is far from being

1 attained, the supply of free water to any given consumer implies that the

service will not be extended to others who have equal right to it.

1.5 HOWMUCHTO CHARGE?

To concede that there is a need in principle for cost—recovery in the

water supply sector is far from a definition of policy. There is ample

room for debate, and there is far from a dear consensus, on how much

should be charged for water. Reasonable arguments can be made for at least

five broad policy options in this regard.

(a) recovery of operation and maintenance (O&M) costs

(b) recovery of O&M costs plus amortization of past investments

(c) full marginal cost pricing

(d) tariffs sufficient to guarantee liquidity of the water enterprise

These options are considered below.

(a) Recovery of operation and maintenance costs

When water supply construction costs are met by donor grants earmarked

for that purpose and not subject to a country ceiling, it might be argued

by the recipient government that the opportunity cost of these moneys is

wil and hence that there is no economic case for their recovery.

A more general argument rests on the important externalities of the

sector. These are the benefits of water supply which do not accrue solely

to the consumer, such as the availability of water for firefighting. To

these may be added those benefits, particularly health benefits, which

although accruing to the consumer, are not perceived as such, or given

their true value (Briscoe, 1985). Consumers may not be prepared to pay at

full cost for consumption at the level required for full achievement of

these benefits, so that marginal cost pricing would produce a less than

optimal consumption pattern.

A more extreme position was taken in 1986 by the House of Cormiibns

Select Coosnittee on Transport in its report on toll bridges in the United

Kingdom (Cooper, 1986). It argued that, once an investment had been made

in an item of public infrastructure, and as long as spare capacity was
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available, any charge for its use would tend to deter the public from using

it as fully as they might, and so diminish its cost-benefit ratio. Water

supplies, like toll bridges, are a “lumpy” investment and in many cases are

not used to full capacity after they have been built or extended, so that

the same argument might be deemed to apply to them.

(b) Recovery of 0&M costs, plus amortization of past investments

In developing countries, however, and particularly in urban areas,

water supply capacity is often the principal constraint on demand. Roughly

half the urban water supplies in the Third World function intermittently

(Cairncross and Feachem, 1983) because they have insufficient capacity to

maintain pressure for 24 hours a day. Excessive use of cheap water is then

at the cost of sacrifices by other consumers.

Moreover, the opportunity cost of investment funds is rarely zero.

The availability of external grants and loans is frequently subject to

intersectoral country ceilings, so that investment in water supply is at

the cost of other sectors. Whether or not this applies, even soft loans

must eventually be repaid.

In these circumstances, it could be argued that the cost of these

investments should be passed on to the consumer. However, this argument

implies a responsibility of the consumer to pay for the service provided,

and not as it will be provided to other consumers in the future, so that

amortization levels would be based on historic and not future levels of

investment. This, after all, is the price wl~ich would obtain under

conditions of free market competition (Laugeri, 1986).

(c) Full marginal cost pricing L

Neither of the two previous options dan be expected to generate

significant funds for a more rapid extension of water supply coverage, the

case for which was set out in Section 1.4 above. For this it would be

necessary that the charge for each household served or for each cubic metre

of water supplied should be related to its marginal cost. That is, the

cost of serving each additional household or supplying each further cubic

metre of water. It is the policy of several financing agencies,

particularly the World Bank, to encourage such full marginal cost pricing.

There are difficulties in defining the marginal cost for a given water

supply system because a large component of it depends on investments which

may not have to be made for many years. The form such investments will

take (and hence their cost) may not yet be known, and there is room for

debate regarding the interest rates which should be used to discount them

to a present value. The problem is further discussed by Saunders et al.

(1977). The view that marginal cost pricing will encourage “economically

efficient use” (World Bank, 1980) begs the question of economic efficiency

for a cormiiodity which, for those most likely to waste it, has an almost

imperceptible cost, but which provides significant externalities for those

who can least afford it (Carruthers, 1972). Nevertheless, the economies of

scale in water supply systems mean that water tariffs based on long—run

marginal costs usually generate substantial cash flows, which are then

available for further investment.

(d) Tariffs to guarantee liquidity

In practice, water charges are not usually paid directly to

Governments, but to public or private bodies which often enjoy a certain

degree of financial autonomy. The level of charges may be subject to

governmental approval or control, but in the first instance it is normally

the water supply agency which proposes the level of charges which it hopes

to recover. Its position may lead it to have rather different objectives

in this matter from the central government, but the practical question of

its financial viability, once its constitution has been determined, is

certainly of public interest. Thus there is often a strong case for

setting water rates at a level adequate to guarantee the financial
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viability (and, in many cases, the liquidity) of the water supply agency.

A water charging policy based purely on costs assumes that savings

accruing to the water agency are not lost by inflation, nor to

irretrievable accnunts such as the Treasury, although in practice such

bosses frequently occur. In addition, there is normally a certain

percentage of consumers from whom charges are not collected, however

diligent the water agency may be. Moreover, some allowance must be made

for the length of time it takes for increases in water charges to receive

government approval when the old rates have been overtaken by inflation.

These factors will in many cases cause a water tariff based on costs

to provide less revenue to the water supply agency than it requires to meet

its financial obligatlons. In many countries, borrowing by water supply

agencies is difficult or (as in the United Kingdom) subject to stringent

government controls. In such cases, water revenue must be adequate to

guarantee not only the vlability of the agencies in the medium term but

also their liquidity in the short term. In one case, it was found that

this implied a level of charges 10-30% higher than one based strictly on

costs (van der Mandele, 1987).

1 6 MEASIIRING THE DEMAND FOR WATER

Whatever the policy option chosen for cost recovery, there are clearly

strong reasons why communities should pay a large proportion of the cost of

their water supplies. However, the cost of a water supply depends on the

level of service provided and the quantities of water consumed, so that the

most appropriate design of water supply for a given conanunity will depend

on its willingness to pay for it; that is, on the demand for the various

levels of service and consumption, each at the corresponding price. The

choice at the margin between one level and another will thus depend on the

ebasticity of that demand. As Briscoe (1984) has shown using a simple,

idealised model, the elasticity of demand is the item of information which

must be known most precisely in order to select an appropriate and

affordable level of water supply.

A decision on the gross proportion of costs to be recovered still begs

several important questions. Large (and usually wealthy) consumers may be

charged more than the average rate, to prevent waste and SO that the

surplus can be used to cross-subsidise the poorest members of the conmiunity

or those using a minimum “lifeline” level of service. Water charges may be

based pro rata on the measured quantities of water supplied, or

alternatively the cost of water may be recovered in the form of a flat

water fee, possibly based on the level of service, the house value, or some

other assessable indicator of likely water consumption. For these

decisions also, an understanding of the elastlcity of water demand is an

important input.

Demand, in the context of water supply, can be understood in two

senses. On the one hand it can refer to the number of households choosing

a given level of service (for example, house connections or standpipes),

but it dan also be understood to mean the quantity of water consumed at the

prevailing service levels and prices.
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Some data exist on the proportions of households in low-income

communities opting for particular levels of service, and on the way this

demand is affected by price Much of this “willingness to pay” information

has been collected by development banks and others in the context of

feasibility studies for water supply projects. The effect of water

metering, and of different unit prices, on water consumption has also been

studied, but only in the context of industrialised countries such as the

United States or the United Kingdom. However, the effect of the water

price on the quantity of water consumed by low—income populations in

developing countries has not previously been studied, in spite of its

importance for cost recovery policy. A comprehensive literature search by

the World Bank (D M de Ferranti, personal cormnunication) brought to light

not a single field study of this kind.

In the few published studies from developing countries where separate

consumption figures are presented for groups paying different prices for

water (e.g. Bannaga, 1977; Adrianzen and Graham, 1974) it is not possible

to derive an estimate for demand elasticity because the groups are not

comparable; they have different income levels or different types of water

supply service.

) Assessments of willingness_topay, and hence of the elasticity of

demand, can be made in two ways. The first, the “conditional” approach, is

Ito ask potential consumers how much they would be willing to pay for

different levels of service. An obvious difficulty with this method is

that the answers may be biased in several ways; the respondents may not be

accustonied to answering hypothetical questions, may answer in such a way as

to finish the interview as soon as possible, or may give deliberately false

replies with a view to pleasing or impressing the interviewer, or to

obtaining a water supply at the cheapest possible price (Whittington et

al., l987a). A decade ago, the World Bank (1976) concluded that such
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surveys were “less than useless”. In recent years, the conditional

approach has been used in industrialised countries to assess the benefits

of public services, and the method has been somewhat refined (Birdsall and

Chuhan, 1983). However, it is not suitable for assessing the affect of

price on quantity consumed, because most consumers are unable to state

accurately how much water they use at present, and still less how much they

would use under hypothetical circumstances.

t) The second, “empirical” approach involves the investigation of

existing arrangements and practices. This requires the collection of data

on who has actually chosen to install house connections, who has opted to

use standpipes, and so on, and at what cost. The method can be extended to

include measurements of the quantities of water used.

The chief weakness of the empirical approach is that a given level of

service or price may not exist in the community or that two levels to be

compared do not exist in comparable groups. However, the existence of

water vendors in many low—income coinmiunities creates an opportunity which

is absent in the markets for many other goods. The price charged at the

consumer’s door by these water sellers of the informal sector is usually

related to the distance over which they have to transport the water. Thus

households at different distances from the water source often pay different

prices for water, although there may be no other difference between them.

The present study was designed to take advantage of this opportunity

Low-income households were interviewed and observed, in order to analyse

the effect of water vending on their consumption and expenditure. In

particular, the effects of price and other factors on their water

consumption were studied, with a view to making an assessment of th~

elasticity of their demand for water for domestic purposes.
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1.7 WATER VENDORS

The practice of water vending is very coimnon in deveboping countries

and is a subject worthy of study in its own right. In a brief survey,

Zaroff and Okun (1984) found it to be prevalent in rural and urban areas

throughout Asia, Africa and South America, and to serve an average of 40%

of the households in the 12 low—income conmiunities which they studied in

detail. In half of these cormnunities, the cost of water amounted to one

fifth or more of the income of a typical household. Briscoe (1985) has

estimated that water vendors serve 20 to 30% of the urban population of the

developing world.

It has been estimated that, in a variety of settings, money paid to

water vendors accounts for a large share of the sector’s income (Laugeri,

1981). In one of the few detailed field studies of water vending,

Whittington etal. (1987b) found that the total sum paid to water vendors

amounted to twice the revenue accruing to the water agency. Their

existence is an indication of a demand unsatisfied by the formal sector

provision, which the water supply agency could very probably meet at lower

cost and to the benefit of both consumers and suppliers. For example, it

was the observation of water vendors in Abidjan, Cote d’Ivoire, which led

the city’s water supply agency to improve its service to compete with them,

and hence increase its revenue (Lewis and Miller, 1987).

Some have gone further, and advocated the study of the constraints

under which vendors operate, with a view to providing assistance to render

their service more efficient (Briscoe, 1985) or more Iiygienic (Antoniou,

1980; Zaroff and Okun, 1984). It might appear that the water vending

systems of the informal sector involving transport by truck, by animals or

on people’s backs, are hopelessly inefficient by comparison with formal

water supply systems using pipelines. However, the fact remains that, for

all their efficiency, the fonnal systems stili fail to serve a quarter of

the population of a typical tropical city, and the shortfall in service is

largely made up by vendors. Compared to further funding for formal water

supply construction, an intervention to increase the number and efficiency

of these vendors might produce a more rapid and replicable improvement in

the standard of service provided to their clientele. Sinre this clientele

consists mainly of the urban poor, they would be the ultimate

beneficiaries. The intervention could thus be an effective form of aid to

the poorest. However, the engineering, financial, economic and social

aspects of vending systems have hardly been studied at all (Okun, 1982).

It is therefore impossible to judge the feasibility or most suitable means

of providing support for them, without first studying them in the field.

A secondary objective of the present study, then, was to document the

working of informal water vending systems in the Sudan, particularly

regarding their financial and social aspects.
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II THE STUDY

2.1 WATER IN SUDAN; RURAL AREAS

Sudan, with an area of 967,500 square miles, is the largest country in

Africa (Figure 6). The North has a very aiid climate, with an average

annual rainfail of only 160 nmi in Khartoum, and 110 mm in Port Sudan. The

humidity falls progressively to very low levels during the first six months

of the year, while temperatures of 45°C are common during the summer months

of April to June. The result is a high evaporation rate that reduces the

yield of open reservoirs and increases the water requirements of the

country’s 21 million population, and of the animals they keep. The

country’s total drinking water requirements for human and animal

populations have been estimated at nearly one million cubic metres each

day, of which only 20% were met by existing water supplies (Mohammed,

1981).

The low rainfall and poor water yields of the prevailing geological

formations make alternative water sources hard to find or develop, so that

it is hardly surprising that 60% of the population live abong the banks of

the Nile. Where river water is not accessible, water sources include

shalbow wells, irrigation channels and natura) and man-made storage areas

In addition to borehobes, usually referred to as water yards. A water yard

consists of a borehole with pump and an elevated water tank surrounded by a

fence and fitted with taps.
r

The operation and maintenance of rural water supplies, in addition to

the siting and drilling of new boreholes, has recently been made the

responsibility of the National Council for Rural Water Resources

Development (NCRWRD). Previously left to the Regional Governments and

Rural Councils, water yards have fallen into disrepair.

For the determination of the eligibility of individual communities to

receive water supplies, the country is divided into three broad regions

taking into consideration the availability of natural resources as well as

social and economic factors (Mohammed etal., 1982). These are:

(i) areas under irrigation,

(ii) semi-desert rainland,

(iii) savannah region.

Villages in need of a water supply are rated on a points system, the

total points gained by each site determining its priority and the

possibility of its being included in the annual programme. Points are

allocated as folbows:

number of people 40

number of livestock 30

nearest water source 10

capability of area 10

season of study 10

Spatial and managerial problems in administering the water yards in

Sudan have bed to problems with operation and maintenance. Running costs,

particularly fuel and repair costs, are seen by most rural dwellers as the

responsibility of the Government. However, active local councils or water

committees can ensure the continued running of a water yard, once the

confidence of the people is gained. Contractors are often empboyed to

control the administration of water yards, the conditions being that the

contractor provides petrol and collects water rates, while the Government

pays the salary of the pump operator and carries out maintenance.

Water is purchased by volume at a water yard, according to a water

tariff which varies according to the region. At the water yards inKassala

region, for example, the NCRWRDcharges an average of LS 0-55/m
3 (ie.

LS 0—01 per 4 gallon tin). Water vendors are charged LS 0—02 per tin and

livestodk as folbows: horses and donkeys - 0-O3/head/day, cows -
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0-O4/head./day, sheep and goats - 0—02/head/day, camels - 0-O8/head/day.

It has recently been calculated (personal coimnunication, 0.M.Taha,

Executive Director, NCRWRD)that the present water charges in Gedaref area

are enough to cover operation and maintenande costs of the 40 water yards

in the region. However, the actual amount of revenue collected will depend

on many factors indluding: the location of the water yard; the mechanical

dondition of the pump and engine; the availability of fuel and oil; the

density of population and domestic animals around the water yard, and, of

course, the yield of the borehole.

Continuous pumping for 24 hours, producing an average of 400

galbons/hour (12,000 gallons/day) provides the financial justification for

installing a water yard at a borehole (Mohanmied etal., 1982). However, in

the rainy season, the existence of natural depressions and other water

sources which are accessible free of charge reduces the demand for water at

the water yards. This can lead to their closure, and complete loss of

revenue, for 3 to 4 months of the year (Personal connnunication, Hashim

Youssef ei Hag, NCRWRDDirector Goneral).

The proportion of the rural population served for at least part of the

year by water yards varTes from region to region, but it is dear that, on

the whole, it is only a minority. This is illustrated by data collected by

Mohammed (1981), and presented in Tables 2 and 3 below. Three coimnunities

were studied with regard to water collection, use and management: Khartoum

Province, Gezira and East Kordofan, representative of riverine settlements,

irrigated areas and traditional comutiities, respectively.

Table 2. Percentage of

dry season (n

Source Khartoum Gezira E. Kordofan

Boreholes (wateryards) 22 10 70

Shallow wells 20 9 23

Filters - 14 —

Hafirs (wet season) 5 — 7

House connedtions 34 31 -

Canal (wet season) 2 12 —

Standpipes 20 24 —

Table3. Percentage dit-ing each reason for using the main source (n = 1000)

Reason Khartoum Gezira E. Kordofan

Dniy source 8 23 44

Near to the house 36 13 39

Easy to get water 15 13 9.5

Cheap 22 - 7.0

Ciear (healthy) 18 35 2.5

Table 2 shows that whiie large numbers of households use improved

sources, a substantial number also resort to canals and shallow wells which

are unimproved. Reasons for using the various sources are varied (see

Table 3).

35% of consumers in Gezira chose their main source because it is clean

and heaithy, reflecting their greater awareness of the relationship between

diseases and water. In most other areas, however, there is in practice no

households

= 1000)

using different types of source in the

29 30



na fl0555’

opportunity for choide between sources or, if there is, choice is made for

reasons of convenience and accessibility (especially proximity to the

house) rather than water quality or health considerations.

Perceptions of water quality vary according to the sources available

in the region; comunities whose main source is a muddy hafir (open

reservoir) or rahad (natural depression) are less likely to be concerned

with such qualities as colour and taste as it is often their only source

and so their expectations are low. Moreover, as Jahn (1981) has found,

such conmiunities in Sudan have developed a sophisticated knowledge of water

treatment methods over the years. Jahn also noted, iookiny at water use

along the Nile in Sudan, that wells are often avoided because of fluorosis

and other problems associated with the high concentrations of mineral salts

in groundwater in many parts of the country.

Water consumption and use in North Kordofan has been studied in detail

by Mohammed etal. (1982). In their study area the water source most used

was the wateryard (39%) followed by shallow welis (27%) and hafirs (20.8%).

In the wet season, the picture is slightly different. During this season

other sources can be used, such as ponds and shallow open wells (jamams)

dug in stream beds, butstili the wateryard is the dominant source used by

34.9% of the respondents, followed by ponds (24.1%) and the artificial open

storage areas known as hafirs (18.4%). The wateryard retains its dominance

in this region because most of the area is covered with sandy soils which

are too permeable for naturel ponds to form.

In another survey In the region, Ploharmned etal. (1982) found that 28%

of their respondents reported buying water from water vendors. Water

vendors in North Kordofan are of several types. Lorry owners transport

water to cisterns in the villages. Cistern owners, usually local

merchants, selI it directly to consumers or to the owners of donkey carts

who in turn seil the water door—to-door. The cisterns are of concrete,
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built underground and can hold 10 to 60 m
3 of water. The water to fill

them is transported by lorry, each lorry capable of carrying 30 drums of

200 litres. A survey by Cafod/Sudanaid (1986) in three villages in the

region found that the prevailing prices were as shown in rabie 4 below.

The water had originally been purchased for LS 0-75 a drum at a borehole in

a nearby village, controlled by a local Water Conmiittee.

Table 4. Water prices in three villages in North Kordofan

Price in LS

Village

Mineim Hineibat Talib

Per drum, from lorry 4-50 5-00 7-00

Per drum, from cistern 5-00 7—00 8-00

Per safiya* 0-59 0-70 0—70

* (1 drum = 12 safiyas, approx.)

These water charges are often paid in kind - cereals, groundnuts and gum

arabic are examples. In the dry season, water prices are said to rise to

LS 2-OD/safiya, and in some areas farmers estimated as much as 50% of their

cash income would be spent on water. Their dependence on vendors has

increased of late, as a result of the recent drought. Because of the high

cost of water to the consumer from vendors, the amounts bought are rather

small. Respondents gave many reasons for buying water from vendors. The

most conmion reason cited was lack of transport, and that no family member

was available because the children went to school.
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2.2 WATER SUPPLY 114 SUDAN: URBAN AREAS

Sudan, like most other African countries, has seen very rapid urban

growth in recent decades. In the last few years it has been further

increased by the civil war in the South, the drought in the West, and by

refugees from femme and war in Ethiopia and Eritrea. Host of this growth

has been condentrated in the three cities which together donstitute Greater

Khartoum. separated by the Blue and White Niles above and below their

confluence, these are Khartoum North and Omdurman, in addition to Khartoum

itself. Since 1980, their combined population has grown from just over one

million to over 1.8 million (Khaddam and Salih, 1986).

Water supply has benefited relatively little from investment, a

situation reinforced by the priority accorded to power by the Public

Electricity and Water Corporation which, until recently, was responsible

for both cormiiodities in the Three Towns (Lusk, 1982). The piped water

supply dates from 1925, when the first treatment plant opened at Bern.

Four more plants followed in 1930, 1953, 1964 and 1979. The design

capacity of the five water treatment works is 160,000 m
3/day. Water is

drawn from all three Niles, treated and chborinated at 0.5 — 1.00 ppm. In

addition, there are 40 boreholes, which are designed to provide about a

third of the capital’s supply. These have now been improved, with a total

target capacity of 80,000 m3fday. These boreholes, ranging from 105-120 m

in depth, are fed by the Nubian Aquifer underlying the whole area.

Problems with water quality arise from ancient pumps, silting and

rusty filters, as well as lack of maiiitenance of the automatic

chlorinators. Quantity is more of a problem. Since May 1982, the aniount

supplied has increased from 110,000 m3/day to 260,000 m3/day, but potential

demand is increasing and has been estimated at 500,000 m3/day (Ei Sanmnani

etal., 1986). As a result, daytime pressure is 50 low in some areas that

a ground-level mains tap will often be without water. Ironically,

electricity shortages are one of the main causes of low pressure, as most

of the Water Corporation’s pumps are driven by electric motors.

The supply was designed for a single storey city, but high—rlse

buildings, depending entirely on pumps connected directly to the mains,

have distorted projections and reduced flow to the poorer areas.

Unforeseen urban migration has added to water demand. Future potential

supplies are thought to lie in ground water resources, being cheaper than

treatment plants. However, reliance on septic tanks and pit latrines as

sanitation disposal methods may lead to contamination of the ground water

since Khartoum’s municipal sewerage system serves only 5% of the urban

areas.

There is a large deficit in the City Council’s annual budget due to

the inadequacy of present sources of revenue to meet the needs. The

Electricity and Water Corporation has been split into two corporations,

responsible for urban water supply and for electricity respectively.

However, the Urban Water Corporation is currently running at a loss.

charges are often not collected and the tariffs are often $0 low as to

of little or no use in contributing toward the upkeep of the system.

The water tariffs currently charged to domestic consumers with house

connedtions in planned urban areas vary from region to region. They are

shown in Table 5 below, in Sudanese pounds.

Table 5. Water tariffs charged by the National Urban Water Corporation.

Region Khartoum Central Darfur Kordofan Eastern Northern Southern

Fixed
monthly
charge

5.00 5.00 5.00 5.00 5.00 5.00
5.00

Rate/m3 0.25 0.25 0.50 0.40 0.25 -

0.50
0.25 0.35

Water

be
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majority of water consumed in Ist and Znd class housing areas is used for

“luxury’ purposes over and above normal domestic use, such as the watering

of gardens and washing of cars.

0e the other hand, the proposed rate of LS l-DO/m
3 for lst class

housing is low by the standards of industrialised countries. It is

equivalent to roughly £0.15 sterling per cubic metre, at the rate of

exchange prevailing during the study. This is roughly half the average

rate charged in the United Kingdom, and lower than that of any country in

Western Europe. In view of the much rlcher water resources of European

countries and the difficulty of treating the turbid waters of the Nile, one

might have expected Sudanese rates to be higher, not lower.

The current charge per m3 from public standpipes is LS 0-50/m3. About

one in ten of these is operated by the Urban Water Corporation, which often

leaves them unattended so that consumers collect water without charge

(Antoniou, 1979). The majority, however, are run by private contractors

who pay a LS 100-00 deposit for a licence to operate. It is proposed to

increase the standpipe rate to LS 0—75/m3.

The new tariff schema was due to come into operation in January 1987,

but at the end of our field work in March 1987 it was stili awaiting

approval from the Council of the Urban Water Corporation. Even when water

charges are increased, and if they are collected more effectively, the

Urban Water Corporation will need Government finance to provide services to

new areas. It has been estimated that some 60% of the cost of

infrastructure investments in Sudan is in foreign exchange.

Even the fixed charge is not as constant as might appear from the

table. For example, in Gedaref, a town in the Eastern region, the fixed

rate varies from LS 2-50 to LS 10-00 according to the class of housing and

size of connection.

With a view to increasing the revenue of the Urban Water Corporation,

it is proposed to introduce new tariff rates which will apply throughout

the country, but which will be related to the class of housing area in

which they are charged. These new rates are shown in Table 6. In

addltion, since many water meters are broken, it is proposed that

standardised monthly consumption figures be used to calculate charges.

This should also reduce administration costs and the number of uncollected

charges. These figures, based on previous experience, are also shown in

Table 6.

Table 6. Proposed new urban water tariffs (LS).

Class of
housing area lst Znd 3rd/4th

Fixed monthly
charge (up to
15 m

20-00 15-00 10-00

Rate/m3
15 - 50 m3 1-00 0-75 0-75

>50 m 1-00 1-00 0-75

Standardi séd
cogsumption
(m /month)

60 40 15—20

It is noteworthy that the lowest of the assumed consumption fi
9ures,

for 3rd and 4th class housing, is equivalent to 100 litres per person per

day in a five person household. This is not much less than the average per

capita domestic consumption of households in the United Kingdom. The

higher figures, applied to households of normal size, imply that the
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2 3 SQUATTERAREAS

Among the chief sufferers from the inadequacies of urban water supply

in Sudan are the urban poor. Antoniou (1980) defined urban poverty groups

as those in households earning less than LS 500 per annum, and estimated

that they constitute 24% of the population of Greater Khartoum. He found

that 70% of these lack reasonable access to water and are thus dependent on

water vendors. Their poor access to water is largely due to the fact that

a substantial proportion live in squatter areas

A squatter locality is defined as an area whose inhabitants have no

legal right to the plots on which they live. Development by illegal

settlements in Khartoum began in 1960, with over 30,000 squatters in

Greater Khartoum by 1969 (Taha, 1987). This number increased during the

early 1980’s dce to the increasing migration to the capital, particularly

from Western and Southern Sudan. In 1982 there were 96 squatter areas in

Greater Khartoum with a total population of 600,000. Figure 7 shows the

locations of the principal areas where squatters are found.

All but a tiny fraction of the land in Sudan is state owned. The

provision of plots for housing devebopment for the rich as well as the

poor, throughout Sudan, remains exclusively a Government responsibility.

People obtain their leasehold plots from the Government (in the case of

lower income housing, paying a nominal fee for a 30 year renewable lease)

in new subdivisions or extensions on the outskirts of urban centres, where

infrastructure and coirmunity facilities will be provided over a period of

time. Only Government has the right toLdevelop new plots. However, dce to

the limited funds available in recent years, site devebopment has been

severely constrained. Consequently, artificially high prices are obtained

for plots on a resale basis, and many people seek plot allocation in order

to speculate (Antonloe, 1980). To gain access to a residential plot in a

planned area, an applicant must fulfil certain criteria. Eligibility is

determined by a points system This system was liberalised slightly in

1986 but it is still biased towards applicants bom in the Khartoum area

(Taha, 1987).

Illegal occupation of new aruas of land is explic~tly prohibited hy

the Unregistered Land Act 1970, and gives the City Engineer’s Departnient

the right to evict unlawful occupiers. Since 1975, a document certifying

legal ownership of the land is required by each householder for access to

facilities in unplanned areas. Settlers are sometimes given permission to

build on land but this does not necessarily entitle them to any facilities.

The lack of legal land tenure in illegal housing areas excludes

residents from receiving urban public services such as piped water,

electricity, health, transport and security services. However, if local

leaders (often tribal sheikhs), and community groups or councils are

active, they may be able to influence decisions regarding the provision of

these facilities. The upyrading of settlements to “planned” status, often

achieved for political reasons, is another possibility. In some cases,

self-help committees have, through their efforts, enabled squatter

populations to gain access to municipal services. Water supplies have

sometimes been obtained by lobbying the Urban Water Corporation, or by the

intervention of non—governmental organizations and external donors.

However, the formation and action of local conmiittees have been restricted

in the past by the Government. When the Nimeiri Government came to power

in May 19G9, political parties were banned and the powers of elected local

councils were suspended. The system of native administration introduced by

the British in the i920s, by which powers were granted to tribal sheikhs,

was also abolished in 1969.

During the field work for the present study, in early 1987, the newly

formed “Sakan Al Ashwai (Administration for Squatter Areas) in Khartoum

had plans to move 50,000 families of illegal squatters to 3 new
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adsorption areas served with electricity and water supplies. More than

half of these would be resettled in Omdurman. The operation would be vast

by comparison with the resources and capacity available for it, but would

stil] affect only a fraction of the total squatter population of Greater

Khartoum, estimated at 600,000 in 1982.

Dn payment of LS 140, each family is allowed to build its living

accomodation on the land allocated - a plot of 200 m
2. Those eligible

must have lived in Khartoum for a defined length of time, be Sudanese

nationals in employrnent, and inhabit unsatisfactory accommodation. Those

who are not Sudanese nationals are the responsibility of the Coimiiissioner

for Refugees or the Aliens’ Office. Many settlers, however, do not meet

either of these criteria. Thus, most people inhabiting squatter areas have

no real possibility of obtaining a legal title to land.

People living in unplanned areas are not supplied with water by the NUWC

(National Urban Water Corporatlon) since they fall outside the Corporation’s

jurisdiction. Faciuities cannot officially be provided. Even if a community

managed to collect enough money for the drilliny of a borehole, it would not

normally be allowed to go ahead within the unplanned area, although a few

conmiunities have successfully got around this rule by arranging for a borehole

to be drilled for their exclusive use in an adjoining area with ‘planned’

status. In general, however, anything that might encourage settlers to stay

longer, or attract more newcomers, is discouraged.

Generally speaking, squatter areas are served by vendors using donkey

carts. They selI water by the jerry c&n, at a price which depends on the

difficulty of obtaining and transporting it. Typical prices in Greater

Khartoum range from LS 7-50 to LS 30 per cubic metre, altough in practice

the water is sold in smaller quantities. These prices are 30 to 120 times

the rate per cubic metre paid by Khartoum residents with private

connections, and 10 to 40 times the proposed new rate for 3rd and 4th ciass

housiny areas (Section 2.2).

Without this informal distribution system, however, the inhabitants’

water requirements would not be met. Each donkey puils a cart consisting

of 2 oil drums welded together as one, to give it a capacity of roughly 400

litres. This is supported by a framework attached to the wheel base

(Figure 11). Occasionally donkeys can be seen pulling only one barrel.

This may be in areas where distances are very great, 50 that the donkey is

not physically able to pull a full bad over the distance involved. In

some cases, less common in urban than in rural areas, the donkey and cart

may be owned by and used for one faniily, one drum being adequate for an

average family’s daily requirements.

In February 1987, the Sakan Al Ashwai issued a directive to the water

vendors supplying an area in Omdurman, prohibiting the sale of water to the

inhabitants. Police were ordered to arrest any vendors contravening this

law. Under the 1961 Building Drdinance (revised in 1973), water cannot be

sold in such an area since it is held to promote the illegal building of

new houses on land designated for other planned uses. The main

construction material is mud, which dries in the sun. Water is therefore

an essential part of the process.

However, there is no evidence that restriction of the provision of

water sepplies to unplanned areas has limited the growth of Khartoum’s

population or of the unplanned areas. Many migrants to Khartoum,

interviewed during our fieldwork, stated that their first place of

residence was in an established area of the city where facilities are

already available although rents are high. The subsequent move to the

urban fringe enables a fainily to build its own house and jam peop1~ of the

same ethnic origin, although the saving in rent is counterbabanced by the

high cost of water. Water for house construction, 1f not avaibable

locally, is purchased from vendors.
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5. Sudan

E. Sudan

Nigeria

Chad

2.4 STUDY LOCATIONS

Two survey areas were selected in squatter settlements in Greater

Khartoum. They were chosen as coirriunities with low but comparable average

incomes, unserved by house connections, largely reliant on the services of

water vendors and with comparable ethnic composition. In order to be able

to study the price elasticity of demand for water, they were also selected

as areas where water is sold at widely differing prices. These two

locations were Meiyo, on the southern fringe of Khartoum proper, and Karton

Kassala, in Khartoum North

In addition, two visits were made to Port Sudan to study water vending

there.

Established in the early 1970s, Meiyo is situated ten kilometres south

of central Khartoum beyond the Green Belt, an area planted with trees to

reduce the effect of dust storms on Khartouin. Ets current populatlon is

estimated at 70-80,000 with an annual rate of increase of 4.8%. Westerners

(from Darfur and Kordofan) make up the majority of the inhabitants, 80% of

whom are Muslim. However, a significant proportion have come from areas

far to the South of Khartoum, as is shown by the results of a survey

carried out by GOAL, an Irish agency involved in maternal child health in

the conviiunity.

Province or country of origin Percentage of population
r

Kordofan 27

Darfur L 27

14

14

15

3

The resuits of the same survey indicate that 20% of the population

have been there for over 12 years, that only 12% of the population have

settled in the lst 3 years, and that only 10% of the total have any

intention of returning to their place of origin (GOAL, 1987). Possibly due

to the long-term nature of this settlement, the Government upgraded the

area to 3rd class in february 1987.

Figure 8 is a map of the area, with an overlay showing its division

into nelghbourhoods and indicating the locations of clusters of survey

households.

There are four boreholes in Meiyo, each with an adjacent water tower.

One of these had been out of operation for several months at the time of

the survey. Of the other three, one is operated as a private concern,

providing water for irrigation. Some vendors use this water to serve Hyal

Fellata since it is nearer than the alternative, the church—run borehole.

The second, drilled by the Islamic African Relief Agency, a local NGO,

serves public standpoints (shown in Figure 8). Water vendors do not have

access to this source. The water is considered salty and is therefore used

mainly, if at all, for washing clothes.

Drilled in 1976 by the Sudanese for the Dutch Government,

responsibility for operation and maintenance of the third well (Figure 9)

was subsequently handed over to the Comboni Church. Water is sold to

vendors at the price of LS 0-50 per donkey cart bad of 400 litres. Income

from the sale of water at the well is used to pay the overseers (who work

in shifts from 6am to 6pm), and also to empboy teachers to work in the

school. The balance sheet for an average day works out roughly as follows.
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1 ncome

1200 carts per day at LS 0-50

Damly running costs

0fl

Diesel

Wages

Total 242-00

Net revenue LS 358-00

LS

600- 00

GO-DO

62-00

120-DO

The demand for water, and hence the net revenue, varies from day to

day, bemng highest on Fridays, and increases in hot weather.

The church has never used any of its revenue from water for

maintenance of the system. However, when GOAL obtained a grant of

LS 24,500 from the Netherlands Government to improve it, each of the 18

sheikhs (local leaders) in Meiyo contributed LS 50 to pay for the labour

costs.

The constant queue of vendors’ donkey carts for filling means that a

considerable amount of water is wasted and apilled on the ground, as the

valves on the dispenser pipes are left open as they are moved from one dart

to the next. After much discussion with the conununity, it has been decided

to fit reducing vabves on the tank and to expand the drainage system into a

series of canals so that the wasted water can be used to irrigate band for

donkey fodder production.

Water delivered to the consumer’st door in Meiyo is sold for LS 1-50

per drum of 200 bitres, or LS 0—25 per “jos” (One jos is the contents of

two four—yallon jerry cans, which together hoid 3G litres. One jos is

therefore about one-sixth of a drum). The price of water in Meiyo does not

vary between parts of the area, nor with seasons of the year.

GOAL has found that dmarrhoeal disease is the mast comon cause of

child mortality in Meiyo, accounting for 64% of deaths among children of 5

years and under. Malaria and measles, the next most conmion, come far

behind, causing only 16% and 14% of child deaths, respectively. Diarrhoeal

disease was also found to ho the mast con.non cause of morbidity. The

breakdown of diagnoses among children attending the GOAL clinic in Meiyo in

1986 was as foliows

Diarrhoeai disease 49%

Respiratory infections 27%

Malaria 19%

Measles 4%.

The virulence of all these diseases, and the likelihood that they will

lead to death, is greatly mncreased hy malnutritmon. In Juby 1986, half

the chmldren attending the clinic were under 85% weiyht for height, and

many were marasmic. Breast feeding is practised by 93% of mothers, het

many of them claim that they have insufficment or no breast milk. Thms may

result from the mothers’ own paar nutritional status. It sometimes leads

them to bottle feed their babies with poorer substitetes such as powdered

milk or sugar water. Prepared in unhygmenic conditions, these can be a

further cause of diarrhoea.

Karton Kassala

Little research had been carried out in this area hefore the present

study, but the high price of water and the ethnic and soclo—economic

composition of its popebatmon, broadly similar to that of Meiyo, made it

sumtable for choice as the sedond stedy area.

About S miles from the centre of Khartoum, Karton Kassala is situated

near the Eastern extremity of Khartoum North. In 1970, the settlement

consisted of about 5,000 houses, beilt of cardboard, which gave rise to the

first part of its name. At that time these housed around 35,000 people,

but current estmmates put the popuiation at nearby 7D,ODD, with continumng

expansion towards the East. 4 iarge percentage of the inhabitants are from
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the South of Sudan, but there are also signifmcant contmngents from other

regmons. 50% of the households surveyed in Karton Kassala were Christian.

In coninon with the people of Meiyo, many inhabitants of Karton Kassala

first live in Khartoum itself on reaching the metropolis, moving to the

outskirts to avoid high rente and huild their own homes, whmch are now

mostly of mud construction.

Unlike Memyo, the people in Karton Kassala have not been given

permission to build on the land and their houses are thus liabbe to be

bulldozed at any time. The Municipality may authorise the City Engineer’s

Department to demobish squatter dwellings; this can occur 2 or 3 times a

year. Influential specelators have the power to avomd demolition of their

properties. This allows them the opportunity of increasing rents, partly

due to the fact that other houses in the vicinity have been destroyed and,

therefore, demand has mncreased, and partly because protection from

demolition can be virtualby guaranteed.

Figure 10 is an aerial photograph of the area, with an overlay showiny

its division mnto nemghbourhoods and mndicating the locatmons of the

clesters of households included in the survey.

There is now no source of water withmn Karton Kassaba, so that the

inhabitants are entirely dependent on water transported by donkey cart from

one of several sources on the periphery. The canal running along the

southern edge of the settlement served as a convenient source untib July

1986, when it was shut off. Later in fhe year, and shortly before the

coninencement of the survey in the area in early 1987, the borehole

servicing Karton Kassala was also shut down, ostensmbly to prevent further

house construction. The logic of this measure is not dear, as the

borehole water was not used for building, being twice as expensive as water

from the nearest canal . However, some informants spoke of police

preventmng access to the canal on oddasion.

Wahida, an adjomning settlement, is “planned” by the local

authorities, and some house connections to the municipal water distribution

network have been provided there. Apparently, there was some locdl

resmstance to this measure, presumably from a few prommnent figures with a

vested interest in the water vending trade. Nevertheless, some households

with these connections sell water to vendors who deliver it to Karton

Kassala. The other existing sources for Karton Kassala are boreholes to

the North and West, some 2 km from most households, and an irrigatmon canal

to the East, a simmlar distance away. Long queues of water vendors’ carts

build up at these boreholes, because the demand exceeds their capacity

(Figures 11 and 12).

The effect of the closere of the canal to the South, and particularly

of the area’s borehole, was that the prmce of water doubled, and many

peopbe spoke of not being able toeat adequately because there was no water

to drink or with which to prepare food.

The progressive escalation of the price charged by vendors for water

in Karton Kassaba is shown below.

1-25
1-50
3-00

5-00 - 6-00

Canal water is priced at LS 2-50 - 3-00 per drum. Water prices are

not constant over the whole area, but vary slmghtly, depending mainly on

the distance over whmch the water must be transported.

Port Sudan

A credit scheme for small enterprises is run in Part Sudan by Acord,

a consortium of European donor agencies. One in five of the loans is made

for the purchase of donkeys and carts for water vending, and this provided

an opportunity for further study af the econommcs of this activity. Two

Price per drum (LS)

1984
1985
1986
1987
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visits were made to Port Sudan to conduct interviews with vendors and wmth

male and female residents of low-income areas in this city, but time did

not permit a detamled survey such as those carried out in Memyo and Karton

Kassal a.

Port Sudan’s water suppby is piped from the abstractmon works at Khor

Arbaat, 40 km away. The Khor is a seasonal stream, and so reservoirs have

been built at the site to provide storage during dry permods. However, the

supply is mnadequate to meet the demand, especially in summer.

Standpipes, often operated by licensees, therefore provide water for

only one or two hours each day, if at all. Many standpipes have a concrete

storage area attached for permods of water storage, but most of these are

out of use. In fact, most of the standpipes have been closed as the water

pressure is never suffidlent to reach them.

Those with house connections face similar problems. Many of the

wealthmer households have built storage tanks beneath their houses, but

mast of thase in squatter areas do not have sufficlent capital to do this,

or do not receive any water even in the ramny season. One resident

mntervmewed in the squatter settlement of Salalab had a private connection

which had provided no water for two years.

There are some boreholes in the town, but the water from these is

salty, and is normally only used to wash clothes. Local surface water

saurces are not a feasible alternative, as the ram, when it does come,

washes down from the Red Sea Hills in a torrent which it has not so far

been possible to contain in any way, ftlbowing a fbow path which varies

from year to year and frequentby destroying large numbers of squatter

houses.

Thus, most of the bow-income areas of Port Sudan are entirely

dependent on water vendors selling water from the few functmoning

standpipes. Most vendars use donkey carts similar to those in Khartoum but

some men also sell water which they carry for lmmited distances in a pair

of 20 litre containers suspended on a yoke. In the outlying settlements,

water is sold from privately—constructed concrete reservoirs filled by

tanker trucks, which bring water from the standpipes in the town. Canals

are also used, water being carried in skins.

The price of water sold by vendors in Port Sudan varmes during the

year. It mncreases considerably in the dry season because of the higher

pride of donkey fadder and the increased queuing time at the standpipes.

When the town was visited in March 1987 the prevailing prmce was at the

bower rate of LS 6-00 per drum of 200 litres. Salty water from boreholes

is sold at a constant, much bower price, but is not distributed by vendors.
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2.5 SURVEY METHODS

In addition to a large number of mnformal interviews conducted in

Arabic, two methods were used to conduct systematic surveys in Meiya and

Karton Kassala These were:

- household observation, and

— questmonnaire.

Household observation was used to collect relmable information regarding

water consumption, water prices, and the number of people per househald.

Detamled questionnaires were used to ascertain levels of Income, and thus

the percentage of mncome spent on water, and the division of water use

within the home, as well as severab other varmables. For example,

questions were also asked regarding household size and total water

consumption in order to check for consistency between the reselts of the

two survey methods. Field workers were initially trained to identify and

assess the capacity of the various vessels coninonly used for water (Figure

13).

Dbservers were employed on a daily basis for the morning (6 am -

midday) or evening (mmdday — 6 pm) shifts, noting down quantmties, costs

and times for each group of 5 households. Each household was abserved over

2 days. Meanwhile, the female heads of one or two Out of each group of 5

households were interviewed. The questionnaire was split mnto morning and

afternoon visits, with a second day being used in particular to provide

extra data apertaining to water use in total, and its subdmvision between

the varmous purposes for which water i~ used.

Based on the experlence of similar surveys elsewhere, a sample of 100

household—days of water consumptmon (that is, 50 households observed over 2

days each) is needed to provide an adequate indication of consumption

levels (Cairncross etal., 1980). In Meiyo, 116 households were observed,

gmvmng 232 househObd—days of observation data. In Karton Kassaia,

abservatmon throught the day was nat possible as mt was not possible to

live within the study area durmny the survey. Smnce the interview resuits

from Meiyo showed goad agreement with the questionnaire respanses, onby the

qeestionnaire was used in Karton Kassala, but an mncreased number of

households was interviewed.

Questmonnaires (Appendix A) were admmnistered in Arabic with the help

of local women. This warked well since they were mndmgenous to the areas

surveyed, and even information on sensitive topics, such as levels of

mncome, was freely given. 27 women were interviewed in Meiyo, and 45 in

Karton Kassala. For 15 of the latter, a shorter questionnamre was used 50

that mncome data were sought only from the initial 30. A suimnary of the

principal data collected by the questmonnaire surveys is presented in

Appendices B and C.
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2.6 HOUSEHOLDECONDMYIN THE SURVEY AREAS

1ncome

Wage levels in Sudan are very 10w, as can be seen from the examples in

Tabbe 7, based on responses by our mnterviewees. Many households therefore

have more than one saurce of mncome. Foreseeing some difficulty in

collecting reliable information on all these, the questmannamre mncluded

questians relating to the type, size and ownershmp of the house, and to the

possession of items such as radios, bidycles, and livestack, as indicators

of the sacio-economic status of each household. In the event, direct

information regarding all of the sources of mncome was readmly forthcoming

so that there was no need to use the proxy mndicators to study income

elasticity of demand.

Table 7. Typical wage levels in Khartaum

Occupation Wage (LS)

of the survey resuits indicating the relative sodio-economid

the two communitmes are summarised in Table 8.

Table8. Comparison of the two survey sites with regard to socio-ecoriomid

indicators.

Memyo
(n = 27)

Karton
(n =

Kassala
30)

Percentage of households:
- receiving remittances 32 76
— owning radio or cassette 62 33
- ownlng bicydle 31 30
- renting accommodatmon 38.5 20
— wmth latrines 85 si

Average household mncome (LS/month) 309 393
Average household size 7.3 8.3
Average number of chmldren under 14 2.9 3.8

Many of the men in both study areas had been unabbe to find work

localby. A few join the army, but many travel abroad to Saudi Arabma or

Iraq in search of empboyment, and send remittances to their households in

Khartoum. Small scabe dommerce provides another source of income. The

selling of coffee and tea, onde the costs of dharcoal, sugar etc. have been

accaunted for, yields only a few Sudanese pounds a day. Women selling

peanuts, peanut butter, vegetables and kmsra (a pancake made wmth dura

flour) dan make LS 10 - 20 per day. Some men seib sugar cane, water melons

and other items.

However, a more important local source of mncome is the brewing or

distilling of alcoholid drinks for sale. In spite of the Sharia law

currently in farce in Sudan, these are widely produced (mamnly by women)

and consumed (mamnly hy men), and their productian accounts for a

considerable amaunt of water consumptmon. The principal products are

‘marmsa’ whmch is a flour-based beer, and ‘~~gj’ which is a distilled

spirit based on sugar and dates.

(a) Marisa. The ingredients are mixed, heated over wood or charcoal in a

200 litre drum and allawed to ferment before sale. The cost of a brew

shop assistant

dri ver

jan m tor

factory worker

machine operator

merchant

soldier - newly jamned

sobdmer - average

soldier - in war zone

1 5O/manth

1 5O/month

1 5D/month

80- 150/man th

l80/month

500-1000/month

l9D/month

200/month

L 35O/month

Same

status of
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This is sold for LS 25 - 55 per drum, yielding a profit ranging from

LS 5 - 25. Mast women in both survey areas reported that, due to the

limited market, they brewed only 2 or 3 times each month. Net monthly

mncomes reported from sales of marisa ranged from LS 40 to a maximum

of LS 200 a month, the latter requmring the production and sale of two

drums a week. Marisa is also frequently used by the Southern Sudanese

as paymnent for the huildmng of a new house. Kanimoroo (Sesame beer)

is also brewed, albemt very occasionally.

(b) ~ One 200 litre drum of water is required to fill a jerry can

wmth 18 - 20 litres of aragi. Aragm can bring a greater profit margmn

than marisa, but is often sobd outside the area throuyh mmddle men, so

that much of the potentiab monetary gain is lost to the producer. A

typmcal cost breakdown for one jerry can is as follows:

Item Cost (LS)

10 bbs sugar 25-DO

2 tmns dates 24-00

yeast 35-00

water (1 drum) 5-00

With a sale prmce af LS 180—00 per jerry can, the typmcal net profit is

about LS 80-DO. Aragi is dmstilbed typically once to four times a

month.

An example of the use of multiple saurces of indome was provided by a

young woman in Karton Kassala. Her husband, a soldier, earned a larger

than average sabary of LS 500/month. She supplemented this as folbows, to

help support the five members of her household:

Marmsa Profit LS 26 per brew of 300 litres.

Brews twice monthly, giving LS 52/month.

~~t: Profit LS lSD/distillatmon (Once monthly).

This brought the hausehold’s total indome to LS 700/month.

Expendi ture

House rents in both Memyo and Karton Kassala ranged from LS 20 - 3D

per month for one room to LS 50 - 60 for 2 - 3 rooms. However, as shown in

Table 8, the majority of households in these areas owned their own

acconmnodation so that mast pamd no rent. Unfortunately this savmng was

offset by the high cost of water, which acdounted on average for 17% of

household mncome in Meiyo, and a remarkable 56% in Karton Kassala. The

vast majority of the remainder was spent on food, and on the fueb to

prepare it.

This is illustrated by the case of Harim, a woman in Karton Kassala,

mast of whose income came from the sale of fmsh, lentils, bread etc. from a

shop in her compound. Thanks to the skmlls she had acqumred through her

trading, she was able to compmle for us an account of the expendmture of

her household of 6 during one week (Table 9) In this case, food and fuel

accounted far 68% of household expenditure and water for over 26%, ~eaving

less then 6% avamlable for any other items. Nor was this an unusually paar

household; the total weekby expenditure of over LS 130 mmplies a manthby

income of over LS 500, above average for Karton Kassala.

varies from LS 20 - 30 per drum. A typical breakdown is as folbows.

Item Cast (LS)

flaur 10-DO

yeast 7-DO

water 5-DO

wood 3-00

Total 25-00

wood

Total

12 -OD

101 -00
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The dominance of food, fuel and water in household budgets is borne

out by data collected from three househoids in squatter areas of Port Sudan

(Table 10). Since other items of expenditure are frequently incurred by

the male heads of househoids, this dominance becomes even stronger when

attention is focussed on that part of the household income which is at the

disposal of their wives.

It is to be expected that the wives of male breadwinners in Khartouin

do not receive all their husbands’ earnings, and it is certain that they do

not always receive them imediately, or when they most need them. Only a

minority of favoured zabuun customers obtain credit from a water vendor, so

that most women must have ready cash and storage capacity available at the

moment the vendor calls if they are to buy water. The vendor’s visits are

not always predictable, and there are times when a vendor is not to be

found. Thus the need to keep money ready ties up household funds which

could otherwise be used for different purposes.

In the circumstances, it is not surprising that 30% of the women we

interviewed considered that the biggest problern with their water supply was

the inconvenience of not being able to buy water when they wanted it. On

the other hand, practically all of them said a tap in the home would solve

their problems. The chief advantage attributed to house connections was

the ability to pay monthly for them at a lower rate, and thus avoid the

need to find money’ daily to pay a vendor

Many women said that, if water were available more cheaply, they would

spend the money saved on food, particularly milk for their children, and

indeed the only major item in most household budgets which could be

sacrificed to make room for the increasing cost of water is the household’s

expenditure on foodstuffs and, to a lesser degree, on the fuel required to

prepare that food. Moreover, a household’s Income is the principal

limitation on its diet. Several women stated that they would prefer to

Table 9 Typical weekly

Item

— — S S S S S S S S S — S — S S — — — S S

expenditure for a family of 6 in Karton Kassala

Unit cost Quantity Total cost
(LS) (LS)

Food:

fbour 15—00/tin 1 tin 15—00

“sharmoot” (dried meat) 13-00/kilo 500 g 6-50

onions 8—00

“salsa” (tomato paste) 1-00/tin 6 tins 6-00

sugar 3Opt/1b (from coop)
3-00/lb

1 ib
3 ib

0-30
9-00

oil 2—50/Ib 3 lb 7—50

“weka” (dried okra) 4—00/measure 1 measure 4-00

salt 1-00

“chattah” (dried red chilli peppers) 3-00

cumin 1—00

coriander 1-00

black pepper i—oo

tea 6-00/lb 8 oz 3-00

bread 15-2Opt/boaf 20 3-SD

lentils 6—00/kilo 1 kilo 6-00

rice 3-00/kilo 1 kilo 3—00

tomatoes 3—00/kilo 1 kilo 3—00

Fuel:

charcoal l-00/bag

Water: 5—00/barrel

7 bags

7 barrels

7-00

35-00

Others:

nursery school 1—50/month/child 1 child 1—50

soap 50 pt (laundry) 4 1—60

1-50 (toilet) 3 4—50

TOTAL WEEKLYEXPENDITURE LS 131—40

çç
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cook more than one meal a day, but dauld not afford to do so.

The majority of families eat once a day at about 3 pm, making do with

bread and tea, without milk, for breakfast. Thus, money saved from

expenditure on water is likely to be used to improve the fammly’s diet.

TabbelO. Household expenditure for three households in squatter
settbements in Port Sudan

2 7 WATER HYGIENE, QUALITY AND SOURCE CHOICE

Water treatment

The mnterviewed women gauye a water’s qualmty according to its taste

and level of turbidity. Where no contammnation is obvmous, the water is

considered clean. Salty water sources are generally only used for washing

of clothes. In general, though, the women surveyed in this study faund no

fault with their inamn source of water as regards qualmty. However, in

Karton Kassala, where canab water was also avaibable at half the price of

“tap water, many households were purchasing this in preference. All the

women said it was dirty, most only buying if for building purposes and for

washing cbothes. It is consmdered dirty because of the vmsmble particles

suspended in it. Some women use a coagubant (“shaff”) for this water. It

is sold in shops and also hawked around the streets. Using a spoonful a

day, a teacupful lasts 10 days at a cost of LS 0-50. It therefore adds

blttle expense to the family budget.

Jahn has researched in detail the use of naturab coagulants by

Sudanese women to clarify water. In one survey (Jahn 1977), she found that

on average, coagulant adds 1 — 10% to the cost of water purchased from

vendors. She concluded from her fmeld work that this treatment is not

carried out for health reasons but because dear water is aestheticably

more pleasmng, evil smells and visible turbidity being perceived as bad.

Religmous beliefs that stress cleanlmness as part of worship may also

influende the degree af purificatmon carried out.

Both “zirs” (porous day pots) and oil drums are used for water

storage, the air water being used for drinking only. Zmrs are also used in

houses with private connections, in order to keep the water cool. Ëach

household generally has at least one of each type of storage vessel. 25% of

the survey populatmon bought water every 2 days. However, those households

tended to be smaller than average wmth a mean of 5.7 members. In laryer

SaS55~5Saa,a S S 555555 S

Dccupatian Monthly
income
(LS)

Family
size

Percentage of mncome spent on each item

Food & Fuel Water Cloth- Recre— Trans— Health Educ-
perish— ing ation port ation
ah les

Daily
labour 180 4 56 8.3 8.3 4.4 5.6 5.6 3.9 2.8
in docks

Retamb shop 150 8 57 8.6 17 2.6 - 4.3 - 5.7
Mobile worker 200
Total Ti5~
Water 200 5 75 11.25 7.5 3.5 4.5 - - 0.004
vendor

(Source: Acord credit scheme client notebooks)

t

t
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households, the frequency of purchase is often greater due to the limited

storage capacity available. It has been suggested that there may be a

relationship between the capacity of a dwelling’s storage vessels and the

water consumption of the household (De Wolfe Miller, 1984).

When water is dmstributed by donkey, there is a considerable potentmab

for dantammnation both at saurce and in the process of transfer to domestic

consumers. Contammnatian within the home is also possible. The longer the

water is stored, the greater the chance of contammnatian within the home,

especially where zirs and barrels are not kept covered. The air water is

normally used for drinking only, and is usually protected by placing a trey

over the top. The barrel water, used for bathing, washing dbothes and

dishes, and often for cookmng too, is usually left uncovered. However,

when the air water runs out, it is often topped up from the barrel.

Utensils used for extradting water from the storage containers may be

dirty, and the process often mnvolves contact between the hand and the bulk

of the water. Anal cleansing wmth water after defecation is practised by

the Muslims in Sudan. This mncreases the chance of contamination of food

and water, especmally if hands are nat washed thoroughly.

Straining (through muslmn or other dboth) into the air and beaving

water to stand were also practised in Karton Kassala in order to reduce the

turbidmty of the canal water. The extent to which purificatmon methods are

empbayed is likely to depend to a barge extent on the household’s place of

origmn and the qualmty of water there. For e~ample, the Fur, from Darfur

in West Sudan, beave a dloth over the rnouth of the air specificably for the

purpose of stramning.

Water source choide

In Meiyo, there are alternatives to buying water from the vendor. For

those consumers living neer a standpipe, water may be coblected from that

source, but it is generally used only for the washing of cbothes since the

water has a salty taste. Flowever, women seldom fetch their water from the

mamn source, the church run borehole. Questmoned why this was so, women

biving within a few hundred yards of the borehole said it was nat

acceptable to do this in the community; delivery of water at a price is the

accepted norm. It was not passibbe to escertamn whether this norm was

enforced by pressure from water vendors, seeking to protect their market.

However, it did not seem likely, as young children were frequently seen

carrying small containers from the tapstand at the well. The frequency of

their visits and the size of containers they use may change in the summer

when demand for water mncreases. Some people, mainly young boys, also wash

their beys and arms at the tapstand.

It is surprising that more women do not colledt water at source,

especially since it is free to mndividual consumers, but convenience

appears to be rated hmghly. Also there are often no chmldren availeble to

fetch the water, and the men of the house may leave early for work in the

city so that the woman relies on vendors for debivery.

In Karton Kessala, where water prices have recently risen dramatically

to LS 6-00/barrel, the alternative source (the canal) is becoming more and

more attractmve to the cansumer, although it is much dirtier, because it is

sold by vendors at half the price. 10 of the 30 households for which the

full questionnamre was empboyed stated that they used canal water partially

or fully. These appeared to be poorer than average, with a mean household

indome of LS 285 per month dompared with LS 424 per month for those

excbusmvely using borehole water. However, the four households using only

danal water had a mean monthby income of LS 394. There was no significant

difference is household size, with a mean of 8.7 members in househo)ds

using canab water wholly or partmally, compared with 8.1 members in the

remamnder.

It was perhaps more indmcatmve of the reason for their using canab
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water that 7 of the 10 were among the 11 households interviewed in Hila

Shiluk and Hila Moroo (Figure 10). An additional 15 households were

therefore lntervjewed In Flila Moroo with a shortened version of the

questionnaire. 8 of these were found to use canal water partially, and a

further S used it exclusively. It would seem that it was not only the

lower price that encouraged women to buy the dirtier water. The recent

closure of the normal source for the coniiiunity had forced vendors to

collect water from already over-subscribed sources in areas to the North.

They were therefore less inclined to deliver in areas far away, being able

to dispose of their water closer to the source and so fit in more journeys

per day. Many women currently using canal water in Hila Moroo simply said

that tap water was no longer avallable, because the donkey boys were no

longer operating in their area. This in fact appeared to be the main

reason for using the canal water, since few households in the other parts

of Karton Kassala used canal water to any great extent, except for washing

clothes.

2.8 WATER CONSUMPTI0NAND DEMAND ELASTICITY

This Section presents the data whose collection was the principal

objective of the study. They permit an estimation of the elasticity of

demand for water in three different ways. First, it is possible to compare

water consumption in the two coimnunities of Meiyo and Karton Kassala, in

which vastly different prices are paid for water, after allowing for the

small difference in average incomes between their respective populations.

Second, the evidence in the previous Section suggests that most of the

households using canal water in Karton Kassala do so because the

alternative is not available, rather than to save expense; thus their water

consumption can be compared with that of households which use the more

expensive borehole water. Both of these should yleld estimates of the

price elasticity of demand for water. Third, by coniparing the consumption

of individual households with different income levels, it is possible to

estimate the elasticity of demand with respect to income.

Reliability of questionnaire responses

However, before questionnaire results can be used for this purpose, it

is first necessary to compare theni with data collected by household

observation to confirm that they are reliable. The observed “household”

units did not always correspond with residents’ own perceptions of what

constituted a household, as more than one faniily was frequently found to

share a single compound. Observers standing outside a compound could not

distinguish between the quantities of water purchased by the different

households living there. Nevertheless there were 14 households whose

individual water consumption was measured by questionnaire. The results of

the two survey methods in assessing overall water consumption of thése

households are compared in Figure 14. The agreement is reasonably good,

both in terms of the aggregate consumption of the households as a whole and

that of the individual families. Such discrepancies as appear are within
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the range af difference between observed water dobledtmon and stated water

consumption whmch is likely te arise from overnmght storage of water.

Comparisan between Meiyo and karton Kassala

In Memyo, where water cost a uniform prmce of LS 1-50 per drum, the

average water consumption for the 27 households interviewed was 24.2 litres

per dapita per day (l.c.d.). This is a fairly typical figure for standpipe

users in urban areas in Africa (White et al., 1972). Observetmon of 96

households with a total population of 957 peaple gave a slmghtly bower

figure of 19.2 l.c.d. The difference can be explemned by the larger mean

household smze in the observation sample, 10.0 members, compared with 7.3

in the households interviewS. It is well—knawn that, as a result of

economies of scale in water use, larger households tend to consume less

water per dapita. Each household’s monthly expenditure on water may be

estimated by mubtiplymng the daily consumptmon figures by 30, to obtamn an

estimate of monthly consumption, and then multmplying by the price of

water. Of course, any gmven household’s consumption on the day of the

survey may not be representative of its water use over en entmre month, but

damly veriations are likely to even out when the results ere taken together

over a number of households.

By comparmny monthly expenditures on water wmth househald mncomes, it

is possibbe to arrive at en estimete for the averege proportion of

household indome spent on water. Complete income data were obtamned from
r

22 househobds in Meiyo, and from these it can be estimated that the average

household spends 16.5% of its income o’~i the purchase of water from vendars.

In Karton Kassala, the majority of borehole water was purchased far

IS 5-00 a drum, although 2 out of 30 househoids interviewed pamd LS 6-00

and one pamd IS 4-00. As discussed above, 10 households supplemented or

substmtuted the borehole water with cheaper water of lesser qualmty brought

by vendors from a canal . Thus, the average price pamd per drum of water

was IS 4-64 per drum.

Remarkably, the mean water donsumption for 30 househalds in Karton

Kassela was 27.0 l.c.d. — higher, not bower, than the figure for Meiyo

where water cost one third the average price. This difference dannot be

accounted far by a smaller household size; the average size of the 30

househoids in Karton Kassala was 8.3, berger than that af the fammlmes

interviewed in Memyo. Repeating the procedure descrmbed above far Memyo

gives an estimate that the average household in Karton Kassala pays a

staggering 55.6% of its mncame for water.

It might be argued that averaging the percentage on a household basis

gives an exaggereted figure for this meen, as it will be inflated by some

very large percentages arising from occasmonal peaks of consumptmon by

certain househobds on the day of the survey. An alternative algorithm

would be to divide the total estimated expenditure on water by the total

income of the community. Dn this aggregate basis, the percentages spent on

water are 11.4% in Meiyo and 34.8% in Karton Kassala. On the other hand,

these batter figures are strongly mnfluenced by the very high incomes (and

consequentby baw percentages pamd for water) of a few wealthy househobds in

eech survey area, who earn 10 to 20 times the mncomes of the poorest. A

truly typmcal figure for the proportion of mts budget which a poor

household must reserve for water would therefore be somewhere between the

two types of average.

By either redkonmny, the resmdents of Karton Kassaba pay three times

more far water than the people of Meiyo in relatmon to their incomes, but

this does not reduce themr consumptmon (see Tebbe 11). That is to say, the

price elasticity of demand, judged from these data, is effectiveby ~ero.
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Table 11. Comparison of prices and water consumption in Meiyo and Karton Kassala.

Meiyo Karton Kassala

Number of households fully interviewed 22 28

Mean household size 7.3 8.3

Mean household income (L5/month) 309 393

Mean price of water (per 200 litre drum) 1.50 4.64

Mean water consumptlon (1.c.d.) 24.2 27.0

% spent on water (averaged by household) 16.5 55.6

% spent on water (aggregate for sample
population)

11.4 34.8

Users of borehole and canal water in Karton Kassala

It was mentioned in Section 2.7 that 10 out of the 30 households fully

interviewed in Karton Kassala used canal water partially or fully, and that

this practice was particularly coimiion in Hila Shiluk and Ilila Moroo. A

further 15 households were interviewed in Hila Moroo using a shortened

version of the questionnaire, and 5 of these were found to use canal water

as their sole source, with a further 4 using it for the majority of their

needs. Combining the two sets of households produces a total sample of 45

households, of which half (22 households) used only borehole or tap water.

20 of these paid LS 5-00 per drum for their water, while one household paid

LS 4-00 and one paid LS 6—00 per drum. All ot those using canal water

partially or exclusively paid LS 3-00 per drum for it to be delivered by

vendor.

Income data were not collected for the supplementary sample of 15

households, but for the original 30 It was possible to estimate the mean

percentage of income spent on water (averaging by household). The result

was 59.8% for those using only borehole or tap water, 63.6% for those also

using canal water, and 26.1% for those using canal water alone. In other

words, the saving in expenditure resulting from the partial use of canal

water was offset by the lower household incomes of this group; those using

canal water as their sole source, however, and paying half the price for

it, spent a percentage of their incomes roughly half as great as those who

used the more expensive water from boreholes. There was no reason to

believe that this pattern was markedly different among the further 15

households interviewed, or that their their average income differed

significantly from that of the original sample of 30.

Since there was evidence, presented in Section 2.7, that the lower

price of canal water was not the chief reason, and certainly not the only

reason for using it, a comparison of the quantities of water used by the

households in the categories could yield some information on the elasticity

of demand. There are of course some advantages in comparing consumption

between households within a single coimiunity as in this case, rather than

between the two communitles of Melyo and Karton Kassala, because the

potential impact of extraneous confounding variables is reduced.

However, the result was the same. The mean household consumption of

the three groups was not significantly different. The results are

suiïmiarised in Table 12. The small difference between the three mean

consumption figures are of the some order as the standard error of each of

them (t 3 1.c.d.), and no consistent relationship can be seen between water

consumption and the price or the percentage of income spent on water.
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Table 12 Comparison of water consumption among households using water

bought at different prices in Karton Kassala

Source of water
No of

households
Mean

household
size

Typical
price

of water
(LS/drum)

Mean water
consumption

(1.c.d)

Borehole or tap only 22 7.8 5-00 30.1

Borehole and canal 14 8.1 5-00 and 3-00 26.5

Canal water only 9 7.2 3-00 27.7

Income elasticity of demand

Before the relationship between income and water consumption can be

exaniined, it is necessary to assess the impact of one potential confounding

variable; the numoer of people in each household. It has already been

mentioned that larger households tend to consume less water per capita.

This is illustrated by Figure 15, which shows the relationship between per

capita water consumption and household size in all of the households

interviewed in both Meiyo and Karton Kassala. The tendency for per capita

consumption to fall with increasing household size is significant, although

not as marked as that found in several similar studies (White etal., 1972;

Feachem etal., 1978).

However, it is dear from these data that larger households are likely

to have a higher overall consumption, as shown in Figure 16. 1f, as

commonly occurs, household size were also correlated with household income,
L

this could produce a spurlous apparent relationship between income and

water consumption. In the present case, the problem does not arise,

because no relationship was found between household size and income. The

average number of members in households shows no consistent varation over

the full range of income levels. This is shown for Meiyo and for Karton

Kassala in Figure 17.

Thus an opportunity arises to examine demand elasticity from another

point of view. The foregoing discussion considered the impact on water

consumption of differing prices. The alternative is to consider the impact

of differing household incomes and hence, presumably, of differing capacity

to pay a given price.

Figure 18 shows the mean total water consumption for the households at

each level of income, with the resuits presented separately for Meiyo and

Karton Kassala. Both present the same picture, with a marked uniformity of

consumption over the full range of incomes encountered in the surveys.

There is no tendency for the wealthier families to purchase more water,

even if their incomes are ten times those of their poorest neighbours. In

other words, the income elasticity of demand, like the price elasticity, is

effectively nu.

An important consequence of this finding is that the poorer households

pay a higher percentage of their income for water. Not only do low—income

communities pay water vendors several times more for each litre of water

they consume than those who have house connections (Section 2.3). Within

those communities, the percentage paid for water Out of each household’s

budget will on average vary in direct proportion to the inverse of fl5

income (Figure 19). Households with half the mean income will spend twice

the average percentage on water, while those with twice the mean income

will pay half, and so on. Indeed, It is expensive to be poor in Khartoum.
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2.9 THE USES OF WATER

In the expedtation of detecting a measurabbe elastmcmty of demand for

water, a considerable amount of data were collected regardmng the amounts

of water used for different purposes, wmtn a view to mdentifying those uses

which suffered mast if water donsumption was reduced in response to high

prices or low mncomes. In the event, as discussed in the previous section,

water consumption proved to be practically mnelastic, with no smgnmfmcant

tendendy to be bower in households paymny hmyher prices or with bower

incomes. St would thus appear that the residents of Memyo and Karton

Kassala had already reduced themr water consumptmon to the minimum level

acceptable. It is nevertheless of mnterest to know how those minimum

quantities were used.

The resubts are shown in Figure 20. It is noteworthy that personal

hygmene, in the form of bathing end washing clothes, accounted for some 60%

of the total in both study sites. Typically, one bucket of water, holding

about 18 litres, was used for bathing every day by each adult, and about

half a bucket for each child under 14. The frequency of bathing was

sometimes reduced to every second day in winter. Women were also observed

to wash their feet before leavmng the home. A further 2 litres per person

per day were used in Muslim households for the ritual washing of face,

forearms, hands and feet which must precede prayer, up to five times a day.

21 of the 27 househoids mnterviewed in Meiyo, and b2 of the 30 in Karton

Kassala, were Muslims the rest being Chrmstmans.

Most of the reminder of the avamfabbe water was used for the washing

of food and utensibs - another hygmenic purpose - and for cooking and

drinking. Other uses, anmountmny to bess than 10% of the total, mndluded

the watermny of gardens and livestock, and anal cbeansing after defecatian.

For this last purpose, mainly found among Muslims, about half a litre was

used on each occasion.

These data refer to the first use of water. In additmon, a

considerable ainount of water was re-used in order to mmnimise consumption.

Freshly-purchased water only was used for drinking. cooking, bathing and

washing food, but grey water was aften saved for washing and rmnsing

dbothes, and mmght even be used a third time on the garden or to dempen the

ground in the dompound to keep dawn the dust.

It was mentioned in Sectian 2.6 that an important economic actmvmty in

the survey areas was the production of alcoholic drinks. This occurred

infrequently, but could require iarge quantmtmes of water on a brewing day.

It was not recorded in the interviewed households, but was seen to accur in

12 of the 96 households observed in Meiyo during the two days af

observation. Themr observed consumptlon per capita was seen to be 44

l.c.d. hmgher on a brewmng day, dompared with that of non-brewers. This

corresponds to an additmonal 320 litres in an average Memyo household of

7.3 members, or roughly one and a half drums.
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2.10 WATER VENOING IN KHARTOUMAND PORT SUDAN

In Sudan as in many other developing dountries, water vendmny hebps to

satisfy a vast unmet need for water for domestic use. However, its dost to

the donsumer, and particubarly to the poorest consumers, as documented in

Section 2.8, is extremely high. Is this due to exploitatmon by

unscrupulous vendors or donkey dart owners? Is it due to a shortage of

donkeys or darts? Gmven the extremeby bow elastmcmty of demand found in

this study, economic theary would mndmdate that only a slight improvement

in supply could provoke a very barge fabl in price before a correspanding

rise in demand would result. Could acdess to water be impraved by

government assistance to the vending sector, and would this dause prices to

fabl?

For any agency seeking to improve access to water in the squatter

areas of Khartoum, and the lmving standards af the urban poor in general,

support to water vending presents an attractmve possibility. Hawever, it

is essential that the present operatmon of the system be understood befare

any attempt is made to change it. This Section presents an overview of

water vendmng in urban Sudan, based on informal Interviews with vendors and

their dustomers conducted durmng the survey in Khartoum, and during two

visits to Port Sudan.

Market control

There is no evidence of monopobistic or olmyopabmstic control of

donkey darts. Most donkey dart owners have anly one or two carts, abthough

they do tend to belang to a limited number of ethnic groups. In both

Khartoum and Port Sudan, the vast major~ity of the owners are Narthern

“Arab” Sudanese. In Karton Kassala, mast of them bived outside the area.

The same goes for those who operate the carts, roughly half of which are

driven by the owners themselves. The usuab arrangement, when the owner

does nat drive his own dart, is for the driver to pay 75% of his net

takmngs to the owner, who will usually feed the donkey himself although he

may make allowance for the cost of donkey fodder and leave this expense to

the driver. The water requirements of the owner’s household may also have

to be provided free of charge.

The donkey market in Port Sudan appears to be cantrolled by the Beja

trmbes, nomadmc people who bring livestack from the North and from Tokar in

the South, by train and borry. The Halab peapbe, who originated in Syrma,

buy up mast of the donkeys and in this way dantrol the prices to a certamn

extent. One of the Beja tribes, the Beni 4uur, is also very much involved

in the buymng and selling of dankeys. There is an auction every Frmday

morning where both donkeys and carts can be bought. The auctioneer takes

10% of the price, so that mast mnterested parties will in pradtice try to

come to an agreement privately.

It is perhaps no concmdence that mast water vendors in Port Sudan were

also from the Beni 4mmr and other Beja tribes, althaugh Nigerian Fellata

and Western Sudanese were also mnvolved. This was said to be because it

was en unskmlled job, inferrmny that the Beni Ammr were mnfermor in the

eyes of the majority of other Sudanese. Hawever, further mnvestigatian

showed that there was a more retmonab expbanatman.

For may years, the Beni Amir have worked seasonally in Port Sudan,

beaving themr fammb mes to farm the land. This was done in order to buy

certamn goods such as coffee, sugar and cbothing, for which cash was

needed. Sumtabbe empboynient and remuneratmon was gamned from water

vending, carrying a pair of jerry cans hang from a yake. This invabved

bittle capital expense, was nat binding — they dould work how and when they

wanted - and the equipment could be beft far a relative to use afte’rwards.

As the shanty towns grew in size after the draught in the 197Os, and the

problems of water distributmon mncreased, mt became nedessary to carry

water by donkey. In this way mt was a naturel progression for the Beni
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Amir to becoine involved in this new development, having long years of

experuence in the trade.

Many other reasons have been guven to explain the lack of involvement

of other tribes in this type of employment. It should iiot be surprising to

find that the majority of vendors in Port Sudan are Beja people, since they

make up the maun populace of the East of Sudan. However, the Southerners

who do live in the squatter areas of the city do not appear to be involved

in water vending at all. In Khartoum It is also striking that hardly any

Southerners partudipate in water vending, although they make up a sizable

proportion of some of the squatter conniiunuties, such as Meiyo, or Hila

Moroo in Karton Kassala (see Sections 2.4 and 2.7).

Water vending with a donkey cart requires a substantial capital

outlay, more than half of which represents the cost of the donkey. In Port

Sudan, a donkey costs LS 600 — 1000, depending on its qualuty, and prices

in Khartoum appear to be slightly higher.

One mechanism by which water vendors appear to exercuse a degree of

control of their market is by limiting access to water sources. In 1986,

Oxfani ran a project to facilitate the purchase of donkeys and carts for

water vendung among the southerners livung in a part of Hag Voussef, a

squatter area in Khartoum North. The aim was to offer them a source of

incotne as well as alowing them to exercise a certaun amount of control over

the pride of water. However, these men were effectuvely barred from using

the water source, which was controlled by northern Sudanese. Another

example is the case of Wahida North, mentioned in Section 2.4, in which the

local water vendors lobbied (unsuccessfully) against the extension of the

piped water distribution network, as it would reduce their market.

The degree to which a cartel operates amiong vendors to regulate prices

is unclear. In Port Sudan, water pruces increase in summier when queues are

longer and donkey fodder is more expensive. The water price increase, and
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the subsequent drop in price later in the year, occurs in a single jump

simultaneously throughout the city. However, even those who know the

market well are unable to point to any single group or forum in which the

decision is taken. The sudden jump may be a consequence of the difficulty

of charging anything other than multiples of 25 pt for a single ~ (8

gallons) of water. News of the price change appears to travel by word of

mouth once one or two of the more astute vendors have judged that it is

what the market will bear. Similar price changes follow increases in the

price charged for water at the source. However, the slightly differing

prices charged by various vendors in Karton Kassala (LS 5-00 and 6-00 per

drum) demonstrate that, if any attempts are made to control the price, they

are not completely successful.

Many vendors have some regular customers, known as zabuun, who may be

charged a slightly reduced price for the convenience of regular delivery,

since this saves the vendors from the time—consuming task of searching for

custom. The vendor will sometimes extend short-term interest—free credit

to these customers, 50 that they can pay when money is available. However,

at times when water demand increases - in Port Sudan, for instance, when

fewer standpipes function and for shorter times, so that queues begin to

grow - the vendor may reduce the number of customers to whom he will extend

these benefits. In this way he can keep his income up, since the higher

price charged to casual customers can compensate for the reduction in the

number of journeys he can make each day.

Government control

The Government does exert soine control over the prices charged to

water vendors at its standpipes and boreholes, the official price bdiny

LS 0-50fm
3 (Section 2.2). Mevertheless, at boreholes operated by private

licensees, consumers have complalned of being overcharged by as much as 70%

(Antoniou, 1979).
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No attempt is made by t~ authormtmes to control the prmce of water

resald by vendars. Legal pes exmst for the issue of vendors’ licendes,

but in practmce their possession is not narmally enfarced, and in any case

they were mntroduced for public health reeasons rather than to control the

market. Some vendors in Meijo reported that they had obtamned lmcences,

known as Certificates of Hyqiene, in 1983 at a cast of IS 3-DO from the

Public Health Department of the Khartoum Council, after passmng a health

test. Licences were reported%y required by law 20 years ago in Port Sudan,

but their use has lapsed over the years.

Costs and profits

The first major outbay for a water vendor is the purchase cast af a

donkey and dart. This ranges from LS 1,000 to over LS 1,500 in Port Sudan,

while in Khartoum the prices quoted were rebatively uniform at around

LS 1,600 - 1,700. Raughly two thirds af the cost is far the donkey.

Allawmng a 10 year working life for the donkey under the hard condmtmons of

urban life and a 5 year useful life far the dart, this can be expressed as

a depreciation rate of a littie over LS 100 per year. Incbudmng the costs

of bubricant and mmnar running repairs would suggest an overhead dast for

the dart af about LS b0/manth.

The major running cost is fodder for the donkey. In Port Sudan, the

damly cost of fodder was made up as foblows:

gram n

dry gram

dura

TOTAL

LS

In Khartoum, the daiby cost of fodder was variously quated as LS 3—50

to IS 5-00, oddasionably substituted by a tin of marisa abbeit, a waste

product from beer praduction, costing LS 0—50 for a day’s supply but onby

mnfrequently available. A typicab cast of the donkey’s subsistence can

hence be estimated at IS 4-DO per day.

How the profit margmns wark out in practide can be seen from case

studies of two vendors, one in Dar ei Neim, Port Sudan, and the other in

Memyo.

Case stu~y b~Dar el Neim, Port Sudan

This vendor made 2 trmps a day, an average number for Part Sudan. Ha

pamd IS 1-DO at the source far each cartboad of two 200 bitre drums.

Roughly half his customers were regular ones (zabuun). These were dharged

IS 0—75 per jas, whmle dasual dustamers paid IS 1-DO. Each cartboad holds

12 jas.

Expenditure

Fadder 30 days

Water 2 carts/day x 3D days

Less : total expenduture

Manthly operating profit:

his monthby operating expenditure

in March 19B7.

Unit dast

Even after deductmon af IS 1O/month for depreciation and overheads an

the dart, plus a reasonable mndome of, say IS 200/manth for an unskibled

warker such as a water vendor, it is dear that a sizeable profit remamns.

However, two important factors need to be taken mnto acccount. First, the

cost af fodder in Port Sudan is highly seasanal, and mt may be that profits

are considerably bower at other times of year wfmen fodder prices are

Not lncluding overheads on the cart,

and mncame worked out roughly as follows,

Income

Regular customers~ 12 jas/day x 3D days

Casual customers: 12 jas/day x 3D days

Total mncame

1-DO

1 -OD

1-25

3-25

D-75

1-DO

4-OD

1-DO

Total (IS)

27D

360

630

120

-~

180

450
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which compares with a typical monthly wage of LS 150 for an unskilled

worker. For a driver who has to share half his profit with the owner of

the donkey and cart, it leaves a very bare subsistence (see Section 2.6).

Vendors in Meiyo stated that they made a profit of LS 7 - 10 per day,

but this appears to refer to their takings, net only of the cost of water

at source, and without deducting the cost of fodder, which is not purchased

during the normal day’s trading. The vendor in our case study, taking

LS 12 each day for 48 jos, and paying LS 2 daily for the water, was making

a direct trading profit of this order.

Vendors in Karton Kassala, selling water for LS 1-00 per jos, claimed

to make LS 20 - 30 on an average day. After deducting fodder costs and

overheads, this leaves a net monthly profit of IS 500 or more. At this

level, a vendor can make a living, albeit a very modest one, even after

surrendering 75% of his profit to the dart owner, which is the usual

percentage demanded under such profit-sharing arrangements in Karton

Kassal a.

Sources of credit

Thus there are obvious advantages to a vendor in owning his own donkey

and cart. However, raising the necessary capital to purchase them is not

easy. This is ullustrated by the lack of Southerners who have managed to

do so, as the money lenders are almost ~xclusively ‘Arab’ Sudanese of

northern origun. Young Southerners in Karton Kassala quoted this as their

chief difficulty. Even among Northerners, it appears that most of those

owning theur own donkeys are older men.

One way in which capital can be obtained without incurring debt

obligations is through a sanduk, or rotating credit association. These are

common among low-income communities in Sudan. A number of people, say 10,

decide to form a sanduk, each contributing a certain sum of money each

month. At the end of the month, one of the 10 chosen by rotation among

higher. Vendors in Port Sudan State that it can then cost as much to feed

one donkey as a family of five. Moreover, profits are held down for part

of the year by the seasonal influx of donkey owners from outside Port

Sudan.

Second, the depreciation rate on the cart takes no account of

interest. Interest rates among low-income groups throughout the developiny

world are notoriously high. Since the poor have no security to offer to

formal lending agendies, they are charged by money lenders in the informal

sector who are outside Government control. Since the opportunity cost of

capital to the poor is very great, they are wulling to pay many times the

rates prevailing in the formal money markets.

Case study 2: Meiyo, Khartoum

The second vendor made 4 trips per day. 3 to 5 trips Is a conmion

figure in Meiyo, where the queuing time at the borehole and the travel

distance are shorter than in Dar el Neim. He paid IS 0-50 at the borehole

for each cartload of 12 jos. He had some regular customers, but these

received no price discount. All paid the s~merate of LS 0-25/jos.

The monthly income and expenditure account was therefore roughly as

shown below.

Income Unit cost Total (LS)

Water sales: 48 jos/day x 30 days 0-25 360

Exijendi ture
Vn

Fodder: 30 days 4—00 120

Water: 4 carts/day x 30 days ‘ 0—50 60

Less: total expenditure: 180

Monthly operating profit: 180

After deducting LS 10/month for depreciation and overheads on the

dart, this leaves only a modest income of LS 180 for the donkey driver,
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them, redemvus the total sum. For exampbe if the manthly contribution is

IS 5D, then the total monthly sum in this case would be IS 5DD (10 x IS 50).

In this way it is possmble far people with bow mncomes to obtamn items such

as fridges, sewing machines, etc. The advantages are that no mnterest is

pamd to moneylenders, and no cash is left in a kitty from which it could be

embezzled. However, for those without a secure mncome, even the modest

conmmmtment this mnvolves may be an undertakmng they can fl1 afford.

In Port Sudan, a credit sdheme to pramote small busmnesses is run by

Acord, a consortium af European non-governmental aid agencies. Onby

applmcants wmth dependents are consmdered, but the laan can be repaid over

more than a year and is interest-free, although an admmnistratian fee af

IS 8.00 is charged. loans are made for a range of purposes, as is shown by

the falbowmng breakdawn of the boans outstanding at the end of 1986.

Type of business % af total

Water vending 20

Tam loring 22

Coadh transport 5

Catering 2

Home improvement boans 24

Others: matters making,
soft drmnks, vegetable
retailmng, bladksmmths,
electricians, tyre repairers. 27

Water vendars thu~ account far one in five of the loans. Typically,

these will be far IS 1DDO, repayable at a mutually agreed rate such as

IS SD a manth over 2D months. Hawever~no Southerners have applied far

water vending baans. Dnly a few have appbmed far other purposes, mainly

for the smaller mnvestment needed for tyre reparing. It may be that many

of the Sautherners in Part Sudan do not plan to stay there lang befare

returning to the Sauth; certamnly, they are more attracted to dasual labaur

in the docks and other temparary employment. Anather reasan may be that

many af them are young single men and are therefore not eligible to apply

to the sdheme.

Still, the scheme has certamnly helped many poor households to

generate their awn income, and if it has mncreased campetmtion among water

vendors and conseguently helped to keep prices down, its mmpadt on the

urban paar will have extended far beyond the irmmiediate beneficiaries af mts

1 oans.
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III. CONCIIJSIONS

The principal objective of the present study was to measure the

elastidity of demand for water among low-uncome populations purchasing it

for domestic use, in the expectation that they were liable to cut back on

consumption when its cost was high in relation to their incomes, and with a

view to drawing some conclusions regardiny policies for cost recovery in

the water sector.

In the event, the elasticity of demand proved to be negligible, and in

practice undetectable. The sanie conclusion was reached from three dustinct

approaches to analysis of the data; by comparing communities paying very

different prices, by comparing households paying different prides within a

single comunity, and by examiining income elasticity within each of the two

communuties studied- This is a remarkable and, to many an unexpected

result; few would have predicted that househoids spending more than half

their incomes on water would use the sanie quantities as those paying less

than one tenth. Vet it is strengthened by the consustency of the findings

between the three methods of analysus.

blith hindsight, it is possible to draw an analogy between this result

and the findings of studies which have examined the relationship between

water consumption and the distance over which it must be carried. The time

spent carrying water has uts price (see Section 1.5), and distance is a

measure of that price. These studies too have found water consumption to

Vn
be remarkably constant between households whose water source is only a few

minutes from the home and those collecting it from a distance of several

hundred metres away (Pinnewala and Herath, 1986) or, in Africa, a kilometre

(Feachem etal., 1978; Pereira etal., 1981) or even a mile (Whute etal.,

1972). In other words, the elasticity of demand wuth respect to distance

is equally small.

All four of the studies cited above reported a threshold of distance

beyond which water consumption_beyantofall No sudh threshold of price

was found in the present case, although it is hard to see how it can fail

to exist. Clearly, it is impossuble for a household to spend more than its

income on anything. Nevertheless, some of the households we studied came

perilously close to doing so.

It can only be condluded that low-income househoids in Sudan set an

extremely high value on their water donsumption, and consider that they

have reduced it to the bare minimum beyond which they are not prepared to

go, even at the cost of a crippling financial burden. This cost must make

itself feit on their food budget, since this constitutes the pruncipal item

of expenditure remaining. The percentage of household income spent on

water is greatest of all aniong the poorest households, who can least afford

to make sacrifices from the meagre sums available to meet their dietary

needs. It follows that the high cost of water in the squatter areas of

Khartoum is a major contributor to the malnutrition which is rife there

(Section 2.4), and hence that a reduction in this price would be likely to

have a significant impact on the nutritional status of the poor.

The large proportion of water used for hyguenic purposes (Section 2.9)

suggests that the households studied were rational in their use of a

resource they valued so highly. 1f purchased expensively, water was at

least used sensibly, for the purposes most conducive to their welfare.

The high value set by the poor on their water consumption can also be

seen through the concept of the consumer surplus, explained in Section 1.2.

The lower the price elasticity of demand, the greater the consumer surplus.

When this elasticity is effectively nil, as in the present case, the

consumer surplus is very large indeed. That is to say, the value or water

to the low-income residents of Khartoum has been shown here to be far

greater than the already large aniounts which they pay for it.

It is usually argued by economists that the value of the consumer
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surplus should be mncluded when assessing the worth of the autputs from

investments for the purpases of ecanomic cast—benefit analysms in projedt

appraisal (littie and Mirrlees 1974) In the case of water supply

mnvestments in developing countries, this has nat normally been practmsed,

as no objective measurements of the consumer surplus had been made. The

results of this study demonstrate that the value to a low mncamehousehold

of mts water consumptmon is little less than its total incame. Such a

valuation, mf used for project appraisal by international funding agencies,

would ymeld cast—benefmt ratmos or rates af return far more favourable than

those obtamned hitherto.

The findings of this study have relevance not only for the economic

appraisal of water supply developments, but also for their fmnancial

sustamnability. Since the paar are wmllmng to pay such large amounts for

water, there can be no daubt that wealthier househalds, with private

connections to the city’s water supply, could pay substantmally more than

they do at present. There is certainby no justificatmon for offermng them

the subsidised rates from which they currently benefmt.

It is also of interest to consmder the effect of the negligibbe price

elastmcmty found in this study on the dynammcs of the water vending market.

Firstly, in the canditmons of limited supply whlch currentby prevail in

Xhartoum, in Port Sudan and presumably in many other urban centres, there

is no likelihood of a fall in revenue when prices mndrease. There is thus

a considerable mncentive for vendars to increase prices. Indeed, it is

remarkable that the price of water in c’ômmunmtmes such as Meiyo is not

higher than it already is. The fact that it is nat gmves further support

to the condlusman that na effective control exmsts by which vendors

collectively fix the price of water (see Section 2.1D).

On the other hand, it also fallows that a small change in the supply

of water— that is, the amount available through vendors — could havea

more than praportionate effect on prices. In the circumstances, it is not

surprismng that water vending and moneylending should largely be in the

hands af the sameethnic groups (Section 2.10), since by cantrolling access

to capital they can control supply, and hence exert signmficant control

over prices wmthout need of a price cartel. It is notewarthy that in Hag

Voussef, where Dxfam tried to apen up access to capmtal , the same groups

quickly stepped in to limit access to the local borehole and thus mamntamn

themr hegemony over supply.

Given the high prices paid to vendors far water in urban Sudan, and

their catastrophic impact on the budgeting of the poorest househalds, it

may be asked whether offering support to water vendors is a worthwhmle

interventian to mmprove access to water by the poor, by domparison with

conventmonal engineering interventmons to extend and improve piped water

systems.

Certamnly, water vending is a relativeby mnefficient and expensive

method af water distributmon. It is dear from the case study in Meiya,

for instance (Section 2.10), that na-one makes a fat profit there from

water vendmng. As things stand, the price could not be much lawer withaut

prejudice to the lmvelmhoods of the vendors. Further canfirmation of this

Is given by the fmnding that price dmscounts are rarely given there to

zabuun dustamers.

Hawever, it is also dear from that example that a vendor’s profit is

very sensitive to the number of cartiaads he can sell each day. With his

own subsistence and the donkey’s fodder as his prmncipal overheads,

accounting for the major part of his total costs, a vendar’s time is

literally money to him. Much of this time is spent queuing at the ~iater

saurce to fill his cart. 1f this could be reduced, so also would his

costs.

Thus the same condiusion follows, both from the bow pride elastmcity
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of demand and from the midro-ecanamids of water vending. The mast

effective way to make possible a substantmal reduction in the price of

water would be to increase the supply of water at the public sources from

whidhwatervendorsfiiitheir_çarts. 8y reducmng queuing times, this

would lower the dosts af vending, making price reductions possible in thase

areas, such as Meiyo, where prafmts are low. Alternatively, it mmght

dreate opportunities for more vendars to collect water, particularly in

those areas, such as Port Sudan and Karton Kassaba, where profits are high.

A greater number of vendors would tend to pravoke a corresponding mncrease

in queuing times, but the increased competition, and especially the

increase on the supply side, dould lead to substantmal price redudtions and

help to keep profmts wmthmn reasonable Immits.

Direct evmdence of the strong Impact of changes in supply on the

prevailmng prmces is provided by the dramatic increase In the pride of

water in Karton Kassala which has occurred over recent years (Sectmon 2.4).

Here, the price mncreases resulted from government mntervention to restrict

the availabllity of water sources. There is no reason to believe that a

return to the previous supply positmon would nat produce a corresponding

fail in price to its former level, or somewhere near it.

Greater avamlabllity of public water points would offer a further

benefit by providing an opportunity for households to exercise their only

sanction and dispense with the services of w~ter vendors entirely. This

would exert a strong downward influence on prices; the threat of it

probably helps to keep down profits in Meiyo. Moreover, mt would afford an

escape for the poorest househalds which at present suffer mast from the

necessity of paying for all the water they consume.

The benefidmal impact on prices of an mmprovement in the supply of

water to squatter areas is thus potentmably great. It is not a necessary

result, hawever, as markets are subject to political as well as economic

forces. Water vendors, moneylenders and water pomnt concessionamres are an

important political force wmth a considerable fmnancial mnterest in

mamntamning the status guo. Improved supply makes price reductions

possible, but not mnevmtable. That might require a measure of government

i ntervent i on.

ïhere are ample precedents for such interventmons. Water is one of

the necessmtmes of life, and governments frequently mntervene to control

the prmces of such nedessitmes, particubarly foodstuffs, thaugh such a

measure would be neither prudent nor feasible in the context of an informal

market such as water vending.

However, the exmsting regulations on lmcences for water vendors and on

concessions for the operation of public water pomnts could be used to

restrict the more extreme cases of exploitation. A first step would be to

make more effectmve the control of prices charged by water point

concessionaires, subject to the sanction of withdrawal of the concession.

The other possible intervention for the Government would be to

facilitate credit for those wmshmng to purchase their own dankeys and

carts. The success of the Acord scheme in Port Sudan demonstrates that

there is a demand for such credit, and shows that loans can be redovered

under such clrcumstances. It might not be necessary to subsidise this

credit. Even if it were decided to charge commercmal interest rates,

administration costs, and a reasonable additianal percentage to make

provision for irrecoverable loans, the rates would probably be much more

favourable than those currently charged by the moneylenders of the mnformal

sector.

An estimate of the sums mnvolved can be made by the followmng

calculatmon. A typical vendor selling 4 cartboads of 400 litres each day

can serve over 50 people, if their average consumption is between 25 and 30

l.c.d. Df Khartoum’s population of 1.8 million, mt has been estmmated that
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24% are in urban poverty graups, and that 70% of these, a total of 300,ODD

peaple, depend on water vendors (Section 2.3). These can be served by

6,DDD vendors. In order to finande a new donkey and dart for each af them

every tive years (or alternatively, to increase the number of vendors by

20% each year) wôuld requmre an annuab investment of IS 1,7DD x 1,2DD

= IS 2.04 million, or roughly £34D,ODD. Smnce this sum could be recavered

within 2 years, a total of £50D,DDD would be suffidment to set up a long-

term revolvmng fund for the purpose.

This sum is small by cohiparison with the amounts invested in

conventmonal civil engineering warks for water supply mmprovements in any

large city. It is also small by comparisan with the millions regularly

lent by the commerical banks of the formal sector in Khartoum, and with the

sum of £2D million spent each year by the British Government in devebopment

aid to Sudan. It would have the advantage af providing benefits targeted

on the paar, particularly on the poorest of the poor, and of creating

employment by promotmng the use of labour-intensive technology.

The decision to undertake such a dredit scheme could by taken by

comermcal banks (possibly underwrmtten by the Government) or by the

Sudanese Government itself. It could be stmmulated by a proposal from an

aid donor such as the UK Overseas Development Adminmstration, or by a pilot

scheme in a single squatter area run by any of the non-govermentab aid

agencies active in Sudan. Whether operated as a pilot scheme or an a full
r

city-wide scale, credit arrangements for water vending would benefit

greatly from the support of the local tuthormtmes to ensure that they were

not restrmcted to a single ethnic group, but also accessibbe to the

minoritmes, particularly Southern Sudanese, who make up a substantmal

proportion af the poorest in Khartoum.
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Figure 9. The water tower at the borehole
run by the Comboni Church.
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Figure 10. Aerial photograph of Karton Kassala. The overlay
shows the division into neighbourhoods and the

approximate locations of the clusters of survey
households.
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A water vendor’ s donkey and cart, queuing at a borehole North of
Karton Kassala.
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13

Figure 15. Relationship between per capita water consumption and
household size. The numbers on the graph indicate the

number of households in each range.
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Flgure 16. Total household consumption, plotted against household size.
The numbers on the graph indicate the number of househoids
in each range.
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Figure 17. Household size plotted against income, for (a) Meiyo
and (b) Karton Kassala. The numbers on each graph
show the number of households in each income range.
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Figure 18. Household water consumption plotted against income, for
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against household income, in (a) Meiyo and (b) Karton Kassala.

20~

10

% income
on water

500 Household
(a) Meiyo income (LS/month)

70

50

20

10

(bJ Karton Kassala

1000 Household
income (LS/monthj



MEIYO (n=27J

KARTON KASSALA (n=30)

~-II

— -—~ — S S S — S S S S S S S S S S S S

0
4—

0.
E
(1)
c
0
0

4—

0

0
ci~
0)

4-c
0)
0
0)
cl~

Bathing Washing Washing Cooking & Drinking Ritual Other
Clothes Food & Tea,Coffee Water Washing

Utensils (praying)

Figure 20. The proportion of water used for each purpose in Meiyo and Karton Kassala.



~~5SS5S55S5 S____ 55 S 55

APPENDIX A

QUESTIONNAIRE USED IN

MEIYO AND KARTONKASSALA
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Total Water Uac in Meiyo

Houae- Area of Houae- Inconie/ Aver-age daily uae

hold origin hold month

no aize (LS) (litrea) (1 c d

1 Darlut’ 7 790 144 20 6

APPEND!X B

SUMMARYOF -JOUSEHOLD DATA-

TOTAL WATER 05E

5 Darfur 5

11 .iuha 4

14 Darfur 5

20 Wau 5

23 -Tuba 18

29 S Sudan 3
E Sudan

31 Chad 5

32 Burnu 7
(Chad)

39 Nigeria 10

44 Nigeria 5

47 Nigeria 12

53 Nigeria 2

54 Nigeria 8

60 Nuba 6

62 Nuba 6

68 Arab 11

76 Arab 6

78 Tibin 11

84 Tibin 11

85 Tibin 5

89 Tibin 9

92 Tibin 7

100 W,Iijc), N 12

1011 Wihida N 6

111 Wi1,j,j
5i N. /

115 Wj)tida 11 3

150 105 21 0

150 177 li4 0

- 144 28 8

380 144 28 8

150 403 22 II

200 152 50 0

100 87 175

100 72 10 3

750 100 10.0

360 198 39 6

750 205 17.1

- 36 180

— 172 21 5

200 180 30.0

- 144 24 0

200 198 18.0

200 100 16 7

250 150 13 6

90 130 ii 8

480 180 36 0

600 162 18 0

150 190 27 1

200 2(0 22 5

300 190 31.7

251) 150 25 /

- 88 29 3



28 Moroo

29 Moroo

30 Moroo

31 Moroo

32 tloroo

33 Noroo

3lt Noroo

35 Moroo

36 Moroo

37 Moroo

38 Moroo

39 Noroo

40 Moroo

41 ?‘loroo

42 Noroo

43 Moroo

44 Moroo

45 Noroo

300 108

180 216

200 320

- 126

- 216

- 130

- 180

- 108

- 216

- 180

- 42

- 216

- 216

- 226

- 360

- 216

- 216

- 155

21 6

36 0

29 1

25 2

21 6

186

11 2

15 4

43 2

30 0

10 5

~J32

27 0

37.7

36 0

43 2

72.0

38.7

3-00 11)0

3.16

3-00

3-86

3-00

5-00

4-20

3-00

4-00

4-20

4-50

3-00

3-00

4-92

3-80

3-00

5-00

3-80

_ S S S S S S S S S •
Total Water-Line nr Karton Kassola (cont

House- Area of Ifouse- Income/ Average daily use Average ~
hold origin hold moiith pricc paid caiial
no alze (LS) (litres) (1.c d ) (LS/drun) water

S

6

11

5

10

7

16

7

5

6

4

5

8

6

10

5

3

92

100

57

100

0

40

100

50

40

25

100

100

4

60

100

0

60

S

lot ei

S

WIILCI Use

55

11 Karton hassala

S S 55 S S

Average ~
price paid canal
(LS/drum) Water

5-00 0

House-
hold
no

Area of
origin

Ilouse- mr-ome!
hold month
size (LS)

Average

(litres)

daily use

(1 c d )

1 NaSa 7 540 280 40 0

2 Nuba 5 1200 162 32 t 4—00 0

3 Nuba 10 650 244 24 4 5-00 0

t Nul,e / 1280 11)0 25 / 5—00

5 Nuba 8 120 144 18 0 4-33 33

6 Nuba 8 60 204 25 5 5-00 0

7 Nuba 4 320 156 39.0 5-00 0

8 Nuba 4 450 117 29,2 5-00 0

9 Nuba 10 360 314 31 4 5-00 0

10 Nuba 5 600 100 20.0 5-00 0

11 Khoosa 8 400 117 14 6 5-00 0

12 Khoosa 14 400 294 21.0 6-00 0

13 Khoosa 2 250 48 24 0 3-00 100

14 Khoosa 21 400 294 14 0 5-00 0

15 Khoosa 5 280 312 62 4 5-00 0

16 Fur 10 390 279 27 9 4-00 50

17 Fur 7 120 192 27 4 5-00 0

18 Fur 10 ]50 2’i) 2’I t 5-00 0

19 Far 3 - 108 36 0 5-00 0

20 Shiluk 10 200 180 18 0 - 5-00 0

21 Shiluk 19 150 217 11 4 4-00 50

22 Shiluk 11 200 180 164 5-00 0

23 Shiluk 10 - 180 18 0 4-60 20

24 Shiluk 4 150 108 27 0 11-50 24

25 Shiluk 8 240 216 27 0 5-00 0

26 Moroo 12 827 288 24 0 3-60 100

27 Noroo 5 200 216 43 2 5-00 0
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Divisici.’ of waler usa in ~1yo

lbjse- )b. of ~,qi1e 1ites~~e~rseii1d/day Ate dailv
~1d

5 5-14 14~ Total Drinking Ccxjking 6bzhirtg L~bsh1stgBath- Pray- Live- Oztar tu~.’:er
(~e.’b.’i1ed) • tea, fcxxl • clothes ing ing stcck

285

II 5

9 45

m6 1

26 7

260

1 35

18

1.2

285

19

8.85

105

85

36

81

1585

75

75

10 2

11 1

24

63

18 0

66

12

1345

61

97

30

28 2

273

40

48

29

10 1

22.7

87

211

6 15

1175

55

9 55

19

1485

57

7.7

82

4 2

435

16

18 6

18 0

18 0

23 0

226

33.3

18 5

7.2

10 0

2.4

17.0

1065

5.4

2085

10 5

225

16.95

204

20 3

14 7

1835

50

1065

201

11 0

18,3

)~jSer~1d
~1i~r~i)cc,Tfce utcniils

APPEN0IX C

SUMMARY OF HOUSEHOLD DATA-

DIVISION OF WATER USE

1 11 5 7

5 22 1 5

11 1 1 2 4

14 0 0 5 5

20 11 3 5

23 3 2 13 18

29 10 2 3

31 2 1 2 5

32 32 2 7

39 3 3 4 10

114 0 1 11 5

47 1 5 6 12

53 0 0 2 2

54 02 6 8

Eo 10 5 6

62 02 4 6

68 1 3 7 11

76 2 2 2 6

78 1 4 6 11

84 1 3 7 11

85 21 2 5

89 03 6 9

92 1 2 4 7

103 2 4 6 12

1011 0 2 4 6

111 2 0 5 7

220 630 54 180 - 111-

270 370 30 - 9~ 105

360 765 — - 2735 1T

317 630 60 - 09 14’-

300 323 — - ~2 14’-

360 2790 - - - 403

150 810 120 - 20,6 152

12.0 54.0 60 - - 87

180 245120 45 - 72

90 630 12.0 - 0.3 103

10.0 47.5 12.0 54 0 33.0 196

12.0 143.5 18.0 - - 205

10.0 9.0 60 — - 36

3&0 930 90 - - 172

360 109.0 120 24 65 180

300 4275 — - 3515 1411

28.0 102.6 250 06 - 196

180 350 9.0 - 80 107

240 765 90 — - 150

350 5115 - - 100 130

412 585 30 360 - 181

15 0 117.0 12.0 06 - 162

18 0 114.0 18 0 - 18 0 191

51/0 1125 135 24 453 270

18 0 122.0 24 0 - 0 3 190

300 1125 12.0 - - 180

115 1 0 2 3 1 5 435 18,75 40,0 :125 - - 88
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Drrnkirg Coc’king kbshrng kbstung Batli- Pray- Live- 01Jan tic~1~ar

S S S S S S S S — S S S S ~ S S S S S —
Div lslcIl Of Water rr,Knlc~, K,p,~,’~rLa

base— N,-
1 of t’~ol)1c Ii Ll-es,

4tnrLnehn1(54j,-~y A,’c’ dai ly _____________ __________________________

heldrai 5 5-14 14. Total

(iuilxriled) • tea, f,xal • clothes ing ing stock
coffee triensils

Is~taeh,1d
(litres)

Div i’,ico ol water trse in Karl ci.’ Kassala (coat

1 30 4 7 540 540 180 5110 9006,0 - - 280

2 10 4 5 102 180 90 720 405120 - - 162

3 3 5 2 10 11 6 35 0 10 ‘t 18 0 10820 24 0 36 0 - 24’I

4 1 4 2 7 21 0 18 0 14.3 511 0 40 5 12 0 18 0 - 180

5 0 3 5 8 157 17.3 9.0 360 63o - 0.6 34 144

6 22 4 8 92 180 83 286 1080120180 19 204

7 10 3 4 57 98 90 360 552120180 90 156

8 20 2 4 23.5 101 90 197 180 90180 90 117

9 2 4 4 10 48 0 27 0 9 0 54 0 126.0 24 0 18 0 8 0 314

10 10 4 5 160 8.3 90 270 366 - - 25 103

11 1 1 6 8 87 11.1 73 180 630 9.0 - - 117

12 1 4 9 14 2110 180 90 360 2070 - - - 294

13 0 0 2 2 12.0 9 0 2 4 2.5 18 0 - - 5.0 48

14 5 5 11 21 197 360 180 40.0 162.0 - 180 - 294

15 2 2 1 5 93 0 36.0 18 0 36 0 90 0 24.0 18 0 - 312

16 3 3 ~1 10 36 0 36.0 i8 0 54 0 126 0 - 11.5 1 5 279

17 13 3 7 36.0 195 73 270 720120180 - 192

18 2 6 2 10 335 14.0 9 0 168 108 0 24 0 36 0 - 244

19 10 2 3 2140 80 90~’ 65 450 - 150 - 108

20 15 4 10 360 90 9.0 360 900 - - - 180

21 3 3 13 19 511 0 10.0 9.0 36.0 108.0 - - - 217

22 7 0 4 ii 36.0 18.0 9.0 44.0 720 - - — 180

23 2 2 6 10 24 0 18 0 9.0 36 0 93.0 - - - lEo

24 1 0 3 4 170 180 4.0 260 360 - 116 25 108

25 12 5 8 360 180 9.0 330 1170 - - 30 216

-base—
held
m

No of çaiople

5 5—14 t’i~ loOd

litres,3.’oaseliold,’da,y Ave d.utY
CcE5in~-

t tse ‘ei
tiML~eI~1,]

(I1L’cs)

Drinking
(iniloilett)

C~nk]J1g

‘ tea,
cotïee

l’l’isiting

fiKs]

utensils

l4is}trrig
clolta”.

tialJi-
i,i~

0130’—
air-

t ive— OlJatt
st,ik

27 0 2 3 5 54 0 22/t 36 0 31 0 72 0 - - - 216

28 1 1 3 5 20.0 10 5 8 0 36 0 33 5 - - - 11$

29 1 0 5 6 18 0 3620 i8 0 48 0 9~t5 - - - 216

30 2 4 5 11 720 3620 180 210 1710 - - - 320

31 1 1 3 5 1 720 126

32 3 4 3 10 930 216

33 2 1 4 7 990 130

34 1 2 13 16 1305 181

35 2 2 3 7 720 133

36 0 2 3 5 720 216

37 1 2 3 6 720 180

38 0 1 3 4 360 12

39 1 0 4 5 810 216

40 1 0 7 8 1080 216

41 3 1 2 6 720 226

42 1/ 4 2 10 900 36-0

43 2 1 2 5 630 216

44 0 1 2 3 5110 2:6

45 1 0 3 4 630 153

26 1 5 6 12 5140 36.0 18.0 2110 1550 - 288
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