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Ne growth and the environment. On the one hand in rapndly growmg urban areas the aquanc envrronment_ is

degraded by both the inadequiate’ d|sposal of wastes and by attempts'to compensate for inadequate - -

water supply services.: Conversely; the declining quantity and quality of available water means that the:

costs of providing urban dwellers with water is rising, often rapidly. - Declining environmental quality’ and
. madequate water and sanrtatlon semces tmpose large health and economic costs, especnalty on. the::
‘urban poor : : ,

B Th;s paper argues that large galns~-m environment qualrry, health; equnty, and drrec:t economic returnsmr

can be made by adopting an approach which comprises four key ¢ elements: -

: - -managing water resources better, tekmg account of economrc effi crency and envrrenmental
'sustarnabrmy, . :

. providing, at full cost; these prwate' serwces which people want and are wrumg to pay for e

(including water supply, and the collection of human excreta, wastewater; and solid waste);- S

: . using scarce public funds only for those services (specifically the treatment and: drsposal of human
excreta, wastewater; and solid wastes) which provide wider communal benefits; and : :

developrng ﬂexrble respcxnswe msutunonal mechamsms for: provndmg these: servrces wrth
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I: THE POPULATION/ENVIRONMENT/WATER-AND-SANITATION NEXUS
IN DEVELOPING COUNTRIES

Urban areas of developing countries are the
location of critical interactions between rapid
population growth and environmental
degradation. On the one hand, in rapidly-
growing urban areas the environment is
degraded by both the inadequate disposal of
wastes and by attempts to compensate for
inadequate water supply services. Conversely,
the declining quantity and quality of water
available means that the costs of providing
urban dwellers with water is rising, often rapidly.
Declining environmental quality and inadequate
water supply and sanitation services impose
large health and economic costs, particularly on
the poor.

(a) The effects of water supply
and sanitation on the
environment:

Population growth and the concentration of
population in urban areas are fundamental
factors contributing to urban environmental
degradation. In 1990 most people lived in rural
areas. By 2030 urban populations will be twice
the size of rural populations. Developing
country cities as a group will grow by 160
percent over this period, whereas rural
populations will grow by only 10 percent. By
2000 there will be twenty-one cities in the world
with more than 10 million inhabitants, and
seventeen of them will be in deveioping
countries,

The provision of services has not kept pace with
population growth in urban areas, thus
compounding the damage caused by the sheer
growth in numbers. In recent decades thera
have been impressive but inadequate increases
in the provision of water supply and sanitation
setvices. Achievements have been impressive
in that (as shown in Figure 1, overleaf), the
number of urban people with access to
adequate water supply and sanitation facilties
increased by, respectively, about 100% and
50% in the 1980s, with the proportional gains in

rural areas even greater. These achievements
are inadequate in that the number of urban
dwellers without adequate water services has
remained virtually stagnant, and the number
without adequate sanitation services increased
by 70 million in the 1980s.

Not only have the nurnbers of people served
increased substantially in urban areas, but, as
incomes have increased, the per capita
consumption of those already served has
increased. The sum of these effects is that
there have been large increases in the volumes
of water abstracted from sources in and around
urban areas, and large increases in the
volumes of wastes generated.

The response to this rising pressure on the
environment has been both insufficient and
inefficient. In Latin America, for example, it is
estimated that less than 2% of all sewage is
treated. In World Bank-financed water and
sewerage projects substantially less than one-
fifth of all spending is for sewerage and
sanitation components, a figure that has varied
little over the last 15 years, The effects of these
inadequate levels of investment are
exacerbated by the fact that existing treatment
facilities function poorly. In Mexico, for
example, it is estimated that over 90% of all
wastewater treatment plants are non-functional.

Figure 2 (overleaf) shows the resuits for surface
water quality in developing countries . Surface
water pollution is increasing rapidly, with
particularly severe problems evident in towns
and cities and the areas surrounding them.
Groundwater contamination is a much less
visible but arguably more serious matter than
surface water poliution. This is so because
under most circumstances the movement of
water in aquifers is so siow that it takes
decades for an aquifer to *purge” itself, and
because large numbers of people in cities in
developing countries draw untreated drinking
water from urban aquifers.

" Briscoe paper for Revelle Symposium



page 2

Figure 1: Access to safe water and adequate
sanitation in developing countries, 1980 and 1990
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Figure 2: Dissolved oxygen in rivers: levels and trends across country income groups
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In some urban settings, environmental
degradation also results from the actions which
households take to compensate for
inadequacies in formal water supply setvices.
There are two major categories of such effects.
Firgt, where piped water supplies are either
unavailable or unreliable, and where
groundwater is available, many households
compensate by sinking wells. Where this
practice is widespread, heavy overpumping of
aquifers is common. In Jakarta, for instance,
almost two-thirds of the population relies on
groundwater. In Northern Jakarta, the water
table has fallen continuously and rapidly since
the mid-1970s. Seawater has contaminated the
groundwater in a 5 to 10 kilometer wide
continuous belt along the coastal plain. Inan
important catchment (the Sunter area) the level
of chiloride is currently exceeding 500 mg/,
about twice the WHO drinking water guideline
value.

In some cities -- Bangkok, Jakarta and Mexico
City -- excessive pumping has also led to land
subsidence, causing damage to property,
housing and infrastructure. [n Bangkok, for
instance, excessive groundwater pumping led
to land subsidence of up to 1 meter per
decade, resulting in cracked pavements,
broken water and sewerage pipes, intrusion of
sea water, and increased flooding in low-lying
areas. To counteract this, major improvements
were made to the piped water system in central
Bangkok, with good results. Many wells (which
occupied valuable property) are no longer
used, and groundwater levels recovered by
between 8 and 18 meters during the 1980s.

There is a second important way in which
households’ efforts to compensate for
inadequate public water supplies often degrade
the environment. To correct for unreliable water
quality, many househoids bail their drinking
water. This practice is widespread, particularly
in Asia. In the city of Cebu in the Philippines, for
example, about half of all families boil their
drinking water (with the proportion actually
higher for families who obtain their water from
an unreliable, chiorinated piped supply!)

On the one hand, this practice is, indeed very
effective in protecting the family from the effect
of poor water quality. On the other hand,
because this practice is so common, and
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because it takes a lot of energy to boil water,
the energy costs incurred are enormous. n
Jakarta it is estimated that over $50 miliion is
spent each year on boiling water for domestic
consumption, an amourt that is equivalent to
about 1% of the GDP of the cityl Because the
quantities of fuel consumed for this purpose are
so large, and because firewood, coal and coke
are often used for this purpose, this practice
(and, indirectly, the inadequate water supply
systems) makes a significant contribution to
deforestation, urban air pollution and the other
energy-induced environmental effects.

(b) The effects of environmental
quality on the provision of water
supply services:

Many cities and towns face increasing
difficulties in obtaining sufficient quantities of
water of adequate quality. Without effective
management of water resources, the cost of
these supplies have risen and will continue to
rise. In Mexico City, where much water is used
inefficiently in nearby irrigated areas, the city
has to contemplate pumping water over 1,000
meters elevation into the valley of Mexico; in
Lima, upstream pollution has increased
treatment costs by about 30 percent; in
Shanghai, water intakes have already been
maved upstream more than 40 kilometers at a
cost of around $300 million; in Amman, the
maost recent works involve pumping water up
1,200 meters from a site about 40 kilometers
from the city. A recent analysis of the costs of
raw water for urban areas in World Bank-
financed projects (Figure 3) shows that the unit
cost of additional water from the *next" scheme
is mora than double the cost of water from the
current scheme in most cases, and more than
triple in several cases.

(¢) The effects on health

The heaith benefits from better water and
sanitation services are huge. When services
were improved in the industrial countries in the
nineteenth and twentieth centuries, the impact
on health was revolutionary. To cite just two of
many well-documented examples:

. Life expectancy in French cities increased
from about thirty-two years in 1850 to about
forty-five years in 1900--with the timing of
changes corresponding closely to changes
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Figure 3: Supplying water to urban areas: current cost and projected future costs
(1988 dollars »er cubic meter of raw water)
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== Fustire cost equals currerit cost .

in water supply and wastewater disposal;

. In a natural experiment in the Ohio River
Valley in the early 20th century, some cities
used untreated water while others treated their
water. Over a 10-year period, death rates from
typhoid fever were constant in the former
group, but declined by over 80% in cities which
treated their water.

Today, as shown in Tables 1 and 2 (overieaf),
adequate water and sanitation services are just
as vital. It is estimated that if all people used
adequate water and sanitation facilities, there
woulid be about 2 million fewer childhood
deaths from diarrhea each year, Box 1
(overleaf) describes the improvements which
are critical for improving heaith.

(d) The effects on productivity

Improved environmental sanitation has
economic benefits. Consider the case of
investments for sewage collection in Santiago,
Chile. Their principal justification was the need
to reduce the extraordinarily high incidence of
typhoid fever in the city. A secondary

justification was the need to maintain access to
the markets of industrialized countries for
Chile’s increasingly important exports of fruit
and vegetables. To ensure the sanitary quality
of these exports, it was essential to stop using
raw wastewater in their production. Given the
current cholera epidemic in Latin America, this
was prescient. In just the first ten weeks of the
cholera epidemic in Peru, losses from reduced
agricultural exports and tourism were estimated
at $1 billion--more than three times the amount
invested in water supply and sanitation services
in the country during the 1980s.

improved access to water and sanitation also
yields direct economic benefits. For many rural
people, getting water is time-consuming and
heavy work, taking up to 15 percent of women’s
time. Improvement projects have reduced the
time substantially. In a village on the Mueda
Plateau in Mozambique, for instance, the
average time that women spent collecting water
was reduced from 120 to 25 minutes a day.
That is a gain of some kind in people’s well-
being, whether the time is used to cultivate
crops, tend a home garden, trade in the market,
keep small livestock, care for children, or even
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Table 1: The effects of improved water and sanitation on sickness

Median reducrron
due lo an

envrronmental s
sanitation’. -

Incidence: |Prevalence:
casas/year |# infected

Disease (millions) |(millions)
Diarrhea 900

Ascariasis 900
Guinea worm 4
Schistosomiasis 200
Trachoma 500

Table 2: Typical effects of improved water supply and
sanitation on diarrhea morbidity

Median reduction in
Conditions cases of diarrhea
Improved water quality 16%
Improved water avarlablllty 25%

Impraved excrela dlsposal 220

_.'iﬁ'Box 1: Speclﬂc lnvestments that matter for health

:'-The potentral health benefrts from rmproved water and sanrtatron servuces are huge What improvements
'must made to secure these beneﬂts? ' : :

contaminated Second inmost developmg countries the |mperat|ve is to get from 'bad" quality: (over
'_]1 000 fecal colrforms per 100 mi; say) to 'moderate' quahty (below 10 fecal colrforr_ns per 100 mt) not

_-_:depends on gettrng the water delrvered 10 the yard or house

'the househoald, the health impacts of improved sanitation facilities' depend only-on:getting the excreta out
- of the house; and are:thus similar whether family members use an’ |mproved pit latrine, a'cess pool
_'._overﬂowrng into-a street drain, ara’ conventional sewerage system: For the neighborhood, the-key is the.
“removal of excreta, a task done well by a wide range of technologies; but badly:by many commonly used
systems’ (such as night soit collection and unemptied septic tanks). Because all the fecal-oral transmission
"routes become much ' more important where people live in'close proximity to each’ other the ill effects of
p00r envrronmental senrtatton are greatest in hrgh-densrty urban sett!ernents : .

< With excreta drsposal itis necessary to drstrngursh among household and nerghborhood effects. For
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rest. Because these time savings are clearly
perceived by users, they mean that users are
willing to pay substantial amounts (as
discussed later in this paper) for easier access.

In the absence of formal services, people have

to provide their own services, often at high cost.

In Jakarta, for instance, about 800,000
households have installed septic tanks, each
costing several hundred dollars (not counting
the cost of the land). And in many cities and
towns large numbers of people buy water from
vendors. A review of vending in sixteen cities
shows that the unit cost of vended water is
always much higher--typically from 4 to 100
times, with a median of about twelve--than the
cost of a unit of water from a piped city supply.
The situation in Lima, Peruy, is typical. A poor
family pays a vendor $3 per cubic meter, which
is more than twenty times what a middle-class
family pays for water via a house connection.
Thus, although a poor family uses only one-
sixth as much water as a middle-class family,
the monthly water bill for a poor family is three
times that of the middle-class family. Inthe
slums around many cities, water costs the poor
a large part of household income --18 percent
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in Onitsha, Nigeria, 20 percent in Port-au-
Prince, for example. Because so many people
rely on vendors, these expenditures are huge.
In Onitsha, for example, households pay
vendors enough to provide for two-thirds of the
full costs of providing piped water to 80 percent
of the population.

The economic costs of compensating for
unreliable services -- by building in-house
storage facilities, sinking wells or installing
booster pumps (which can draw contaminated
groundwater into the water distribution system)
— are also substantial. In Tegucigalpa,
Honduras, for example, the sum of such
investments is large enough to double the
number of deep wells providing water to the
city. And the costs of compensating for poor
water quality are great, too. In Bangladesh, for
example, boiling drinking water would take 11
percent of the income of a family in the lowest
quartile. With the outbreak of cholera in Peru,
the Ministry of Health has urged all residents to
boil drinking water for 10 minutes. The cost of
doing this would amount to 29 percent of the
average household income in a squatter
settlement.
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II: WHAT NEEDS TO BE DONE?

Investrments in sanitation and water offer high
economic, social and environmental returns,
Universal provision of these services should
and could become a reality in the coming
generation, But the next four decades will see
urban populations in developing countries
rising by 160 percent, and domestic demand for
water rising fivefold. Current approaches will
not meet these demands, and there is areal
possibility that the numbers unserved could
actually rise substantially, even while aquifers
are depleted and rivers degraded. The
remainder of this paper suggests that there are
four key policy changes which need to be
made.

(a) Managing water resources
better

The allocation of water between agriculture,
industry and domestic users is politically
difficult, but if mismanaged, will drive up costs
and reduce the quality available for households,
Meeting domestic needs will raise difficult
issues of allocation and management. As
countries and regions approach the limits of
their supplies, it will become essential to
allocate water efficiently among competing
uses. For domestic users, an equally important
issua will be the way water quality is managed.,
A city that discharges untreated sewage into a
river imposes additional costs on other users
downstream.

When there was little competition for water, it
was (correctly) used in large quantities for
activities in which the value of a unit of water
was relatively low. In many countries the
dominant *high-volume, low-value® user bacame
irrigated agriculture. Today about 73 percent of
all water withdrawals (and higher proportions of
consumptive use) are for irrigation. This share

- is even higher in low-income countries. In most
countries this water is provided at heavily
subsidized prices, with users seldom paying
more than 10 percent of the operating costs.

As demand by all three sectors increases,
governments find it hard to change the existing
arrangements. The allocation of water in all
countries is a complex issue, governed by legal
and cultural traditions. Users typically have
well-established rights. Strong sectoral
divisions between (often competing) ministries
add to the difficulty of managing water
resources efficiently, Reallocation is a
contentious and ponderous process, generally
responding only with long lags to changes in
demand. Even though agricultural use of water
has the lowest value per cubic meter, there is
strong political opposition to diverting water
from agriculture to other sectors, The result is
that in many countries, industrialized and
developing alike, large volumes of water are
used to add little economic value in irrigated
agriculture, while cities and industries, which
would gladly pay more, cannot get enough.

This mismatch is most striking in the areas
around large cities. In the Western United
States, for example, farmers in Arizona pay less
than 1 cent for a cubic meter of water, while
residents of the city of Phoenix pay about 25
cents for a cubic meter of raw water. Inthe
industrial heartland of China around Beijing and
Tianjin, 65 percent of water is used relatively
inefficiently for low-value irrigation, while huge
expenditures are contemplated to bring water
from other river basins to the cities,

Paradoxically, there is good news in these
distortions. Their very size indicates that urban
shortages could be met with only modest
reallocation. In Arizona, for instance, the
purchase of the water rights from just one farm
is sufficient to provide water for tens of
thousands of urban dwellers, Because of the
low value of water in irrigated agriculture, the
loss of this marginal water has little overali effect
on farm output. To help such transfers, new
market-driven reallocation methods have been
developed. Thus the city of Los Angeles came
to an agreement with farmers in the Central
Valley of California whereby the city paid for
improvemnents which reduced losses in the
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irrigation canals. For the city this was a good
deal, since the unit cost of the released water
was less than half that of the cheapest
alternative; and the farmers got cash without a
cut in their net quantity of water. In another
instance, when a recent drought dangerously
reduced available water, the State of California
set up a voluntary *"Water Bank", which
purchased water from farmers and sold it to
urban areas. The farmers made a profit by
selling the water for more than it was worth to
them, while the cities got water at a cost well
below that of other sources of supply.

In developing countries, too, a start is being
made in applying innovative water resource
management methods. In the North China
Plain, the State Science and Technology
Commission determined that the economic rate
of return to a cubic meter of water used for
agriculture was less than 10 percent of the
return to municipal and industrial users. Once
agricultural and urban users accepted that they
had to talk to each other and had to look at
water as an econornic commodity with a price,
progress -- including reallocation - was made.
And Jakarta has been reasonably successful in
reducing the overpumping of its aquifers by
registering groundwater users (especially
commercial and industrial establishments), and
by introducing a groundwater levy.

The striking feature of these "market-based"
reallocation methods is that they are voluntary,
they benefit both the buyers and sellers
economically, they reduce the environmental
problems resulting from profligate water use in
irrigation and they reduce the need for more
dams. Up to now these methods have been
applied primarily in industrialized countries, but
they show a way forward for developing
countries.

Industries and households also need to be
given incentives to use water efficiently, Cities,
like farmers, have tended to take demand as
given and to see the task as increasing supplies
to meet it. As was the case with energy twenty
years ago, little attention is paid to conservation
and demand management in the water sector.
This is both economically and environmentally
unsound. Consider the case of Washington,
D.C. Inthe 1960s, the U.S. government
concluded that sixteen dams and over $400
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million were needed to meet the water needs of
the metropolitan area. Because of resistance
from environmentalists to the construction of
the dams, the plan had to be reconsidered.
Eventually the number of dams was reduced to
one, and the total cost of the scheme to $30
million. The key changes were a revised plan for
managing demand during droughts, and more
efficient operating rules. Once again, this
illustrates that better econornics and a better
environment are compatible,

Experience in industrialized and developing
countries alike shows the potential for using
water more cost-effectively in industry. in the
United States freshwater withdrawals by
manufacturing industries by the year 2000 are
expected to be 62 percent less than
withdrawals in 1977, primarily because of the
increased costs industries have to pay for
disposing of industrial wastewater. in Sao
Paulo, Brazil, the imposition of effluent charges
induced reductions of between 42 percent and
62 percent in water demand from three
industrial plants. For Beijing, Figure 4 (overleaf)
shows that a variety of conservation measures
in industries and households could release
large quantities of water at a substantially lower
unit cost than that of the next supply
augmentation project.

A particularly important conservation alternative
is reclamation of wastewater. Water
reclamation for urban, industrial and agricultural
use is attractive both to improve the
environment and to reduce the costs of water
supply. Reclaimed wastewater has been used
for flushing toilets in residential and commercial
buildings in Japan and Singapore for many
years. A recent reclamation scheme in the
Vallejo area of Mexico City (Box 2, overleaf)
illustrates the great potential, both economic
and environmental, of wastewater reuse (and,
to anticipate a theme developed later in this
chapter, the scope for the private sector).

At present, in most countries the management
of water resources is fragmented (there are no
mechanisms whereby the effects of one use of
water on another potential user are signalled)
and "command and control® (since most
allocations are by administrative fiat), The
challenge is to replace this systermn with one
which recognizes the unitary nature of the
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Figure 4: Conserving water as an alternative to expanding supply in Beijing
(discounted cost in dollars per cubic meter)
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'In 1989 faced with nsing water prrces and potentral water. shortages a group of companres inthe Vallejc
‘area’‘of Mexico Clty sought an‘alternative 1o water supplied by the public agency. About the same time the
-'Mexlcan government decrded to mvolve the pnvate sector |n wateri supply and wastewater treatment. e -

-{.The rndustrralists 'reahzed that rf sewage ﬂows could be adequately‘_treated this could be a cost-eﬁectrve

reducing the need for new water supplies).. Twenty-srx Vallejo compames orgamzed anew, for-prcfrt firm,

“Aguas industrialés de Valiejo (AIV); to'rehabilitate an old municipal wastewater treatment plant. Each-
sharehoider company contnbuted equrty based upon its water usage requirements, with total equity-

' 'totalllng $900 000 .

hters/second to shareholders and 30 lrters/second tothe govemment as payment for the: concessron The
‘concession’ agraement gives AlV the right to withdraw up to 200 liters/second of wastewater from the.:

municipal trunk-sewer. - AlV has’ plans to double the plant's capacity within five years at'an estimated cost

‘of $1.5 million;- AV provides treated water to shareholder companies at a price equrvalent to 75 percent of -
.the water tanff charged by the government (currently $0.95 per cubic meter) _
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