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Research Reports

IIMI’s mission is to foster and support sustainable increases in the productivity of irri-
gated agriculture within the overall context of the water basin. In serving this mission,
IIMI concentrates on the integration of policies, technologies and management systems to
achieve workable solutions to real problems—practical, relevant results in the field of
irrigation and water resources.

We expect and hope that publications in this series will cover a wide range of subjects
from computer modeling to experience with water users associations and will vary in
content from directly applicable research to more basic studies, on which applied work
ultimately depends. Some research papers will be narrowly focused, analytical, and de-
tailed empirical studies; others will be wide-ranging and synthetic overviews of generic
problems.

While we expect that most of the papers will be published by IIMI staff and their
collaborators, we welcome contributions from others. Each paper is reviewed internally,
by IIMI’s own staff, by IIMI’s senior research associates and by other external reviewers.
The papers are published and distributed both in hard copy and electronically. They may
be copied freely and cited with due acknowledgment.
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Summary

Introduction

This paper combines and interprets results from a
number of studies undertaken by the International
Irrigation Management Institute (IIMI) for the United
States Agency for International Development in
Egypt during 1995. The studies were designed to help
the Egyptian government formulate a rational ap-
proach to sharing the costs of water services among
the beneficiaries—agriculture and other users—and
government.

The major studies included (1) a detailed review
of the actual costs incurred in operating and main-
taining the infrastructure for water delivery and dis-
posal; (2) an assessment of the allocation of these costs
among beneficiaries, on the basis of the separable
costs, remaining benefit (SCRB) method; (3) the abil-
ity of the accounting system currently in place to trace
the disposition of costs; and (4) an analysis of the
impact on the agriculture sector of alternative bases
for imposing charges—flat-rate, volumetric, or crop-
based. A number of other minor studies were com-
missioned in the course of the work, and reference is
made to other published information and reports.

Sharing the costs for services rendered among ben-
eficiaries has a number of potential benefits: First,

where the alternative is a government subsidy, rev-
enues from charges release government funds for use
elsewhere; second, charge levels provide an indica-
tor to the beneficiaries of how efficiently the service
provider is operating; and third, where resource us-
age underlies the rate structure, an efficiency incen-
tive for the user is introduced.

In Egypt, as in many countries, there are no direct
charges for water services to agriculture. Up to the
late 1980s, substantial government revenues from
agriculture were derived through implicit taxes on
production: Marketing and cropping patterns were
controlled and the government captured substantial
profits from the sale of commodities (especially cot-
ton) in world markets. More recently, these controls
have mostly been removed: Farm incomes have risen
by about 25 percent in real terms, and government
revenues have fallen. Although prices were adjusted
for some inputs, water has remained free. There is,
however, a limited degree of cost recovery for
infrastructural improvements (installation of drain-
age, improvements to mesqas or private field chan-
nels), and the farmers are also responsible for main-
taining the mesqas.

Cost allocation and accounting
procedures

The study of cost allocation among beneficiaries was
complex—water is used nonconsumptively to gen-
erate power and for navigation; water is consumed
by domestic, industrial, and agricultural users. Much
of the water infrastructure—storage, barrages, canals
and drains—serves multiple purposes. The SCRB
method, which provides a standardized approach to
this type of problem, was applied here. The complexi-
ties of Egypt’s water resource sector and the difficul-
ties of applying the SCRB method to a situation where
development is already virtually complete resulted

in numerous analytical and conceptual challenges.
But it was found that the level of system operational
costs attributable to agriculture was very stable across
wide ranges of assumptions, primarily because agri-
cultural use dominates total use. The share of costs
attributable to agriculture, amounting to US$52/ha
annually, is the dominant share of total costs.

The parallel study of current accounting proce-
dures showed that allocation of these expenditures
among physical locations and purpose is not possible.
This does not imply inaccuracy in the accounts; rather
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the present accounting categories are unsuited for
providing the basis for establishing user fees in rela-
tion to costs at any local level. This conclusion is im-
portant to the extent that cost sharing is planned to
induce efficiency in the provision of the service. If
the relationship between local services and locally
incurred costs cannot be traced, then the appropriate
change in charges due to improved service efficiency

will also be impossible to allocate.
The third study undertaken was designed to test

the impact on crop selection and production of alter-
native approaches to service charges. The assessed
charges were introduced into a proven simulation
model of Egypt’s agriculture sector to measure im-
pacts on farm income, crop choice, the value of pro-
duction, and the productivity of water.

Cost recovery mechanisms

Three charging mechanisms were evaluated: (1) a flat
rate, independent of crop type or cropping intensity,
(2) a crop-based charge, broadly relating the service
charge to water consumption, and (3) a volumetric
charge. The structure of the model is adequate to
make these distinctions meaningful: Crop choices are
specified in great detail with numerous options of
underirrigation, and short and long varieties and
planting dates are available. The structure of the
model was modified to more accurately reflect the
impact of unequal access to water in case of short-
age.

The results showed that full recovery of allocated
costs to agriculture would reduce farm incomes by
about 4.5 percent. As expected, imposition of flat rate
charges has no impact on crop selection.

More interestingly, a crude crop-based charge (wa-
ter charges set at levels proportional to typical farm
demand, by crop) is almost exactly as efficient as full
volumetric pricing in inducing beneficial shifts in
cropping pattern toward more water-efficient crops.
This conclusion has important implications. Irriga-
tion deliveries in Egypt are essentially unmeasured—
historically, since the construction of the High Aswan
Dam, supplies have been plentiful and thus little at-
tention is paid to formal allocations. Any attempt to
introduce water measurement (which would be re-
quired for volumetric pricing) would therefore have
enormous implications on how the system is oper-
ated, the infrastructure needed, and the formaliza-
tion of water rights.

Impact of charges on demand

This impact of charges on demand was explored fur-
ther in an experiment with the agriculture sector
model to simulate the impact of a reduction in sup-
plies of 15 percent. Two issues were explored. First,
the level of volumetric charges required to induce a
fall of 15 percent in demand for water for agriculture
was explored. The resultant water service charge
would be 25 percent of farm incomes—hardly a po-
litically feasible option.

Alternatively, by rationing water among farmers,
efficient use can be induced. Farmers will choose
water-efficient cropping strategies to minimize the
loss in production even in the absence of water
charges. In one solution, the model simulated uni-

form rationing of water, and production was pre-
dicted to fall by 4 percent. In a second scenario, wa-
ter shortages were concentrated in tail-end reaches,
so that head-end farmers continued to grow water-
intensive crops, while tail-end farmers suffered the
full 15 percent cut. In this case, production fell more
sharply—by 7.1 percent—giving an indication of the
benefits that will accrue to better management if
shortages arise. In fact, the benefits are surprisingly
low. The infrastructure required to enforce rationed
deliveries corresponds rather closely to an ongoing
investment program—the Irrigation Improvement
Project—that allows strict allocation of water at the
farm level. The benefit accruing to better manage-
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ment for an assumed irrigation deficiency of 15 per-
cent can be translated into a 3.5 percent return on

investment in the improved infrastructure, ignoring
all the administrative costs of such a system.

Conclusions

It is concluded that charges for water services will
not induce significant changes in cropping patterns,
or improvements in system performance, because the
cost of system operation is low in relation to the ben-
efits of irrigation. Further, until revised accounting
procedures are in place, there is no scope for mean-
ingfully linking charges to service at the local level.
Thus, reducing the financial burden on government
is the only likely impact of introducing water service
charges.

An analysis of the potential improvements in pro-
ductivity, should irrigation water become scarce, from
more equitable water distribution—forcing farmers
to select water-efficient crops—shows that the ben-
efits are small in relation to the likely financial costs
of infrastructure. Administrative complications and
the associated need for more clearly defined water
rights further reduce potential benefits, suggesting
that maintaining the balance between supply and
demand for water should be a high priority.
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Alternative Approaches to Cost Sharing for Water Service
to Agriculture in Egypt

C.J. Perry1

Introduction

The International Irrigation Management
Institute (IIMI) was engaged by the U.S.
Agency for International Development
(USAID) in late 1994 to examine USAID’s
past and ongoing support to water re-
sources development and management in
Egypt. One component was a review of cost
recovery policies in the water sector and an
analysis of the impact of alternative ap-
proaches to water service charges on the
agriculture sector. This paper brings to-
gether IIMI’s work in these areas, drawing
on specific reports prepared during IIMI’s
study program (Cestti 1995; Hutchens 1995;
Lofgren 1995; Lewis and Hillal 1995) and
integrating their findings with other infor-
mation to address questions related to cost-
recovery policy in Egyptian irrigated agri-
culture.

Service charges are potentially important
and useful because (1) recovering costs from
beneficiaries of the service relieves the gov-
ernment of a financial burden and provides
revenues to support operation and mainte-
nance (O&M), (2) linking payment to the
service provided should encourage effi-
ciency in the provision of the service, as well
as (3) encourage efficiency in the use of re-
sources provided.

These last two issues are quite distinct.
First, a direct connection between the cost
incurred in providing irrigation services
and the charges to users should induce
them to exert pressures for increased effi-
ciency in the delivery agency or to suggest
rearrangements of responsibilities in ex-
change for reduced fees. These pressures
work toward efficiency in the provision of

the service. Second, service charges that are
linked to the quantity of service (water)
provided should induce users to economize
in its use by choosing water-efficient crops
or water-saving irrigation technologies.

In assessing alternative approaches to
cost sharing, three separate elements should
be addressed: the financial objective—to re-
cover from beneficiaries the cost of provid-
ing water-related services—and the two ef-
ficiency objectives—to encourage efficient,
cost-effective provision of the water service
and to encourage efficient use of the re-
source provided.

The analysis is ordered as follows:

1. A brief background to cost recovery in
Egypt’s agriculture sector is presented,
and present policies are summarized.

2. The procedures for allocating the costs
of O&M are reviewed, and the results of
the analysis summarized.

3. Various mechanisms for cost recovery for
irrigation services are assessed and ana-
lyzed.

4. The scope for utilizing water service
charges as a means of restricting demand
for water is explored.

5. The results are brought together and the
conclusions related to the potential im-
pact and usefulness of water service
charges are set out.

The options for, and impacts of, introduc-
ing water service charges in Egypt have
been extensively studied (Young 1983;
Bowen and Young 1983, 1986;  Abu Zeid
and Seckler 1992a). Consideration has been
given to flat rate charges (imposing an ad-

1The author is grateful
to reviewers of earlier
drafts of this report, par-
ticularly Dr. Wadie
Fahim of USAID, Cairo,
and Drs. Douglas
Merrey and David
Seckler for their con-
structive and insightful
comments.
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ditional tax, similar to the existing land tax,
which is independent of the crop grown or
water consumed), to imposing taxes that are
crop specific and reflect the assumed wa-
ter consumption (thus introducing a degree
of linkage between the extent of the service
provided and the water charge), and to a
volumetric charge, directly linking the
quantity of water delivered to the charge.
Some studies have also considered combi-
nations of charges.

The conclusions have generally been
similar. Most studies argue that as long as
water is sufficient for agricultural needs, a
flat land tax is the simplest and most con-
venient way of recovering service charges.
A crop-related charge gives farmers an in-
centive to seek more water-efficient crop-
ping practices. Volumetric charges are most
effective in the case of scarcity, but involve
high administrative costs. Bowen and

Young (1983) also considered the option of
water rationing through fixed seasonal or
annual allocations. They argued that this
would induce an efficient response from
farmers while avoiding the administrative
costs of volumetric measurement and
charging. A question raised at the 1992
Roundtable Conference held in Alexandria
(Abu Zeid and Seckler 1992b) was whether
any useful purpose would be achieved by
the introduction of service charges. Each of
these options is considered in this paper,
based on a more complete picture of what
the actual costs should be, what informa-
tion there is on the appropriate allocation
of these costs, the responsiveness of the sec-
tor to alternative charging mechanisms at
the rates implied by full cost recovery, and
the implications for system operation (and
infrastructure) of introducing volumetric
charges.

Cost Recovery Practices

Charging users for water and water services
is a sensitive issue in Egypt, as it is in many
countries, involving political, historical,
social, religious, and economic factors. Ben-
eficiaries tend to prefer low or zero charges,
and this preference is reflected by their po-
litical representatives. This position may be
reinforced when investments have been
made in the national interest—to ensure
food security, develop new areas, or diver-
sify the economy—thus implying some
higher goal than the direct productive im-
pact on those receiving the service. In agri-
culture and in a predominantly agrarian
economy, the combination of these factors
is often powerful, and the recovery of ser-
vice charges rare.

When direct revenues from a service are
low or zero, the probability that the service
will be underfunded is correspondingly
high. The agency providing the service is

seen as a consumer rather than a provider
of funds to the government, and its claim
on scarce resources is weak.2 The subsidy
required to meet the gap between revenues
and expenses will be under constant pres-
sure, and with staff costs essentially fixed,
funding shortfalls will tend to be absorbed
by the physical works component of the
maintenance costs so that infrastructure,
and eventually the quality of the service,
deteriorate.

Such “savings” in public funds are often
expensive. The cost of routine and preven-
tative maintenance is usually much lower
than the cost of major rehabilitation.3 The
lost production (when irrigation facilities
are not working properly) and damage to
land (when drainage facilities are poorly
maintained) may greatly exceed the cost of
proper O&M.

2The Government of
Egypt’s policy incorpo-
rates this factor explic-
itly by setting employee
pay rates for revenue-
generating sectors at
higher levels than for
non-revenue-generat-
ing sectors such as irri-
gation.

3In the transportation
sector, for example, a
rule of thumb is that
US$1 of delayed main-
tenance results in the
need for US$3 in re-
pairs.
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Cost recovery from agriculture—
background
In Egypt, until the late 1980s, government
revenues from agriculture were derived
from implicit taxes on agricultural produc-
tion: Prices of farm products were low,
marketing was controlled, cropping pat-
terns were set to meet government priori-
ties, and the government captured substan-
tial profits from sales of commodities (es-
pecially cotton) in world markets. These
policies, combined with increasing domes-
tic demands, resulted in a rapid deteriora-
tion in the agricultural trade balance. To
restore farmers’ incentives, agricultural
policy was radically reformed in 1986 (see
Hazell et al. 1994 for a summary of the pro-
cess of liberalization). Much closer corre-
spondence between international and do-
mestic prices for major crops was allowed,
and controls on cropping patterns were for
the most part eliminated. The effect of this
policy change has been dramatic: Yields and
production of major crops are sharply
higher, and farm incomes have increased
(after allowing for the increased cost of in-
puts) by 25 percent in real terms (USAID
1995).

This period of rapid adjustment, during
which government revenues from the agri-
culture sector fell sharply, also provided an
opportunity to adjust other prices to more
appropriate levels. To some extent this was
done—subsidies for farm inputs were re-
duced. But charges for water services (to
agriculture or to other users) were not in-
troduced.4

Present practices
The recovery of capital investment costs is
often treated separately from the recovery
of operating costs, and this is the case in
Egypt. This study focused on operational
costs, but a brief summary of policies for
investment cost recovery in the agriculture
sector is provided below. The approach re-

cently agreed upon with the World Bank
(1994)5 provides the basis for this summary.

Capital costs are recovered for mesqa6-
level investments such as the USAID-sup-
ported Irrigation Improvement Project ac-
cording to a formula that requires repay-
ment of the full capital cost, excluding in-
terest, over a period of 10 to 20 years. Pump
costs are fully recovered during the initial
5 years. Assuming 4 percent inflation—an
average of the World Bank (1994) esti-
mates—and 12 percent opportunity cost of
capital, cost recovery amounts to about 30
to 50 percent, depending on the recovery
period, for costs for civil works. No costs
are recovered for improvements above the
mesqa level, which account for about 25
percent of civil works expenditures. Thus,
the subsidy on capital investments is 60 to
75 percent.

A similar approach is followed for drain-
age investments, which have been made
over large areas of Egypt during the last 20
years. Recovery from these investments
currently totals about $4.5 million per year,
or about $7.50 for each hectare served.7

In the New Lands, farmers are also re-
sponsible for investment costs for all infra-
structure including, and downstream of, the
booster pumps that draw from the distribu-
tary canals, serving areas about 40 to 100
hectares. Such investments may either be
undertaken independently at the farmers’
expense or by the government with cost
recovery according to the rules set out
above.

Thus, government policy on capital cost
recovery is to recover no charges above the
delivery point (mesqa head in the Old
Lands, booster pump in the New Lands)
and a small proportion of investment costs
below the delivery point.

In contrast, operation and maintenance
costs below the delivery point are the re-
sponsibility of farmers. Failure to fulfill this
obligation results in the work being under-
taken by the Ministry of Public Works and
Water Resources (MPWWR) and charged

4Water is provided free
in bulk to all users by
the Ministry of Public
Works and Water Re-
sources. Intermediate
services of treating wa-
ter for domestic con-
sumption are charged
for by the agencies con-
cerned.

5Law 218 is the formal
definition of the points
summarized here.

6The mesqa is the ter-
tiary delivery channel,
which is communally
owned and operated by
the farmers.

7Throughout this re-
port, values are in U.S.
dollars (US$1= £E 3.4),
and area is in hectares
(1 ha = 2.5 feddans).
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Water resource investments on the Nile con-
stitute a multipurpose development, serv-
ing the needs of power, navigation, munici-
palities, and industries, as well as farmers.
Some of these demands are competitive (ag-
ricultural and industrial consumption) and
others are complementary (releases for ag-
riculture can be passed through turbines to
generate power and used by ships for navi-
gation without detriment to the other con-
sumers).

Two common approaches for allocating
costs in cases such as this are (1) the use of
facilities method, and (2) the separable
costs, remaining benefits method (see
Hutchens 1995 for a detailed comparison).

The use of facilities approach is concep-
tually simple: Costs incurred in system op-
eration are allocated among purposes in
proportion to the extent to which each fa-
cility is utilized for the purpose in question.
Thus for canals that provide water to mu-
nicipal and agricultural users, associated
costs would be divided in proportion to the
water delivered to each user. The transpar-
ency of the approach is appealing, but dif-
ficulties arise in relating consumptive to
nonconsumptive uses (navigation and hy-
dropower, for example). The approach is
also highly dependent on disaggregated
data, which at present are almost com-
pletely absent (Lewis and Hillal 1995). The
attempt to apply the use of facilities method
to the Nile system (Allam 1987) was se-
verely hampered by the lack of detailed in-
formation on the actual application of
MPWWR funds by purpose and on
nonagricultural demands.

The separable costs, remaining benefits
approach (SCRB), which was applied com-
prehensively in a report by the Irrigation

Support Project for Asia and the Near East
(ISPAN 1993), consists of assigning all costs
that serve a single need (i.e., a powerhouse
only serves the power sector, a lock only
serves for navigation) to the benefiting sec-
tor. The remaining “joint” costs are assigned
in proportion to the benefit derived by each
user from that service (for example, costs
associated with a navigable canal are allo-
cated to both agriculture and transportation
beneficiaries).

The SCRB method, as applied here, en-
sures that charges to any user must always
be less than the benefit derived. It explic-
itly deals with competing and complemen-
tary demands; and the approach is trans-
parent, allowing beneficiary groups to un-
derstand the underlying assumptions and
the derivation of the assigned cost.

However, the approach is normally ap-
plied in a planning context, where invest-
ments are yet to take place, and options exist
to change the configuration of the invest-
ment and hence the groups, sectors, and
areas to be benefited.

The application of SCRB to a system that
has been in place for many years introduces
a number of difficulties. First, the approach
allows no cost allocation to any user in ex-
cess of the cost of the alternative minimum
cost solution. On that basis, no costs were
assigned to users whose needs could have
been met from direct withdrawals from the
Nile, so that for example, the city of Cairo
and the industries along the Nile would not
be charged for withdrawals. Although this
may have been true at the time of construc-
tion of the High Aswan Dam, the logic is
far less clear now. The scale of subsequent
development in all sectors, and the size of
Cairo itself, are intrinsically linked to the

to the farmers. Examples of this were en-
countered during a field survey of “other
expenses” undertaken during the study
(Khouzam 1995). On average, farmers pay

$12/ha annually for mesqa maintenance in
the Old Lands, either to the cooperative or
as a contribution of labor.

Allocation of Operation and Maintenance Costs
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construction and effects of the High Aswan
Dam, and current water requirements could
not be reliably met by the uncontrolled
flows of the Nile and might in any case have
been captured by upstream users within
Egypt.

Second, a number of major investments
were treated as “sunk” costs and excluded
from the analysis. Capital costs, for ex-
ample, were included in the analysis for
new areas but excluded in the analysis for
old areas. (In practice, this may correctly
reflect the implicit cost recovery that went
on in the recent past, but the transparency
of the analysis is reduced.)

Third, the linkage of cost allocations to
benefits derived makes the result sensitive
to the time at which the analysis is done.
Benefits to agriculture, for example, have
increased rapidly over the last decade as a
result of changes in government policy.

Aside from these difficulties of applica-
tion to an already developed system, some
important additional shortcomings of the
SCRB approach were identified during
IIMI’s review.8 The ISPAN study (ISPAN
1993) contains a mixture of O&M and in-
vestment activities on the cost side (includ-
ing development of New Lands and a num-
ber of activities that resulted in service im-
provements and thus constitute invest-
ments). On the benefit side, as a basis for
projecting the sectoral benefits to agricul-
ture, the report assumes that benefits of the
Irrigation Improvement Project will be
achieved over a wide area. This increases
the cost allocated to agriculture on the Old
Lands through the mechanism of the higher
derived benefits.

Finally, the ISPAN study embodies some
assumptions about alternative costs that are
difficult to confirm, particularly the cost of
alternative sources of water for domestic
use. Consequently, the following changes
were made to ISPAN’s SCRB model (Cestti
1995):

€ Updated actual costs of O&M were in-
troduced.

€ Benefits were updated.

€ Capital investment components were de-
leted from the cost projections.

€ Impacts of capital investments were de-
leted from the benefit projections.

€ Cost allocations for main-stem users
were determined on the basis of derived
benefits rather than on the assumed al-
ternative cost.

€ Revised estimates of alternative costs for
municipal and industrial supplies pro-
vided through canals were included.

€ Revised estimates of municipal and in-
dustrial demands based on a more com-
prehensive approach to the determinants
of growth were introduced.

The revised model allowed extensive ex-
ploration of a variety of underlying as-
sumptions and sensitivity tests to differing
levels of benefit in agriculture, different as-
sumptions about New Lands development,
and alternative estimates of benefits to other
sectors.

An important conclusion of the reexami-
nation of the ISPAN model was that agri-
cultural cost allocation is relatively insen-
sitive to changes in the underlying assump-
tions. The ISPAN estimates of cost alloca-
tion to agriculture in the Old Lands ranged
from 75 to 83 percent of total costs, and with
the changes mentioned above they range
from 70 to 81 percent.

Given the magnitude of the changes in-
troduced into the analysis, the consistency
of these results may be surprising, but it
should be noted, first, that the cost that is
being allocated is the cost of operating the
system (plus in the case of ISPAN, some lim-
ited investment costs), so that the total
amounts being allocated are similar. Sec-
ond, irrigated agriculture is by far the most
significant user of water, accounting for
perhaps 85 to 90 percent of total use. Third,
the reevaluation of other uses increased
their share in the total, but the overall ef-
fect was small because the actual volume

8Hussain et al. July 1994.
Strategic Research Pro-
gram, NWRC (National
Water Research Center).
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assigned to such uses is minor. In fact, the
revised treatment of municipal and indus-
trial demands led to much higher cost allo-
cations to these sectors than in the original
analysis by ISPAN (a total of about 11%,
compared with the original 0.2%). How-
ever, this increase was offset by declines in
the allocations to hydropower as a result of
improvements in the non-hydro generation
capacity that reduced the need for special
releases from Aswan for power and re-
duced the benefits to tourism based on up-
dated estimates. Representative results
from the updated model are presented in
table 1.

For the agriculture sector, the stability of
these results was tested for sensitivity to the
major variables: benefits to the agriculture
sector, various scenarios of New Lands de-
velopment, rates of growth in industrial
production, and revised assumptions about
population growth rates. The variation in
the costs allocated to agriculture was in all
cases marginal. A 15 percent change in es-
timated agricultural benefits, the most sen-
sitive variable, produced only a 3 percent
change in the computed service charge.

erage O&M costs, estimated at $52/ha an-
nually.

Impact on farm incomes
Annual net farm income estimates based on
the IFPRI model average about $1,200/ha
(that is, income to the farm enterprise, ex-
cluding the cost of family labor). This is
quite consistent with other estimates. The
World Bank (1994) estimated that farm in-
comes range from $1,200 to $1,500. Indi-
vidual crop returns (Hussain et al. 1994)9

range from $375/ha (flax) to $1,700/ha (cot-
ton), with most crops in the $600 to $1,000

However, within the agriculture sector,
results are particularly sensitive to pump-
ing costs. Pump lifts for agriculture and
municipal and industrial uses are highest
in Upper Egypt, and specifically allocating
this cost by region results in per hectare
agricultural service costs of $95 in Upper
Egypt, $60 in Middle Egypt, and $45 in the
delta.

TABLE 1.
Representive results from the updated ISPAN
model.
Sector Cost (US$)

Municipal and Industrial (per ‘000 m3)
Canal delivery 3.63
Direct intake or groundwater 0.48
Industrial direct intake 0.69

Old Lands agriculture
Land basis (per ha/year) 52
Volume basis (per ‘000 m3) 3.44

New Lands agriculture
Land basis (per ha/year) 53
Volume basis (per ‘000 m3) 3.34

Note: Results are based on the SCRB approach, following
ISPAN methodology, updated as indicated in the text. The
cost of O&M was based on MPWWR’s 1994 budget, which is
overestimated, in that staff costs are not disaggregated be-
tween O&M and other activities, and underestimated to the
extent that budgetary requests are less than required for ad-
equate O&M.

Impact of Water Service Charges on Agriculture
An analysis was undertaken using a model
of Egypt’s agriculture sector developed by
the International Food Policy Research In-
stitute (IFPRI), which is a modified, ex-
tended, and more complete version of the
agro-economic model developed as part of
the Water Master Plan (UNDP 1984). The
analysis was designed to explore (1) the
actual relationship between farm incomes
and service charges, (2) the impact of alter-
native charging methods on farm income
and crop production, and (3) the impact of
volumetric charges on demand for water.
In each case, the charges were set so that
total revenue remained equal to actual av-

9Adjusted for compara-
bility to exclude family
labor and land rent.
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range. With a cropping intensity of about
180 percent, net farm incomes would thus
range from about $950/ha to $2,000/ha an-
nually.

Assuming a net farm income of $1,250/
ha as representative, full cost recovery of
water services for irrigation would reduce
farm incomes by about 4.5 percent on aver-
age. A brief field survey (Khouzam 1995)
uncovered several additional costs borne by
farmers, most of which are minor except for
land rent. Farm rents for land average $450/
ha annually. This would reduce annual farm
income to about $800/ha, and increase the
proportion of water service charge to about
6.5 percent of net income for farmers who
rent their land.

Impact on production of
alternative charging systems
To determine the impact on production of
alternative charging systems, the following
options were analyzed:

€ a fixed rate per hectare, irrespective of
crop or water use

€ crop-specific rates, charging higher rates
for more water-intensive crops

€ volumetric charges on the basis of actual
water use

The first option is a simple undifferenti-
ated annual tax of $52/ha, and the result
was a fall in farm income of 4.5 percent. This
solution is self-evident: a flat land tax has
no impact on the choice of crops or tech-
nology.

The second option simulates a crop-wa-
ter charge per hectare, proportional to the
calculated average water consumption.
Since the IFPRI model allows a wide range
of crop choices in terms of planting dates
and in “stressing” the crop by underirri-
gating, this option gives the farmer consid-
erable incentive to fine-tune his cropping.
The result was greater efficiency from both
the farmer’s perspective (farm income fall-
ing only 2.4%), as well as the national per-
spective (water demand falling by 3.5%),
while returns to water increased by 2.7 per-
cent.

The third option imposes a volumetric
charge and simulates the effect of measur-
ing and charging for the quantity of water
delivered. For the present situation, where
water is not a severe constraint to crop
choice and the service charges represent a
small proportion of farm income, the results
are virtually identical to those obtained
through the second option described above.

Impact of Water Shortage

The role of management
Water is at present somewhat scarce, with
a positive but small marginal value prod-
uct of $0.02/m3, compared with an average
productivity of $0.08/m3 (Lofgren 1995). In
future, significant reductions in supplies to
agriculture can be anticipated as a result of
transfers to competing demands, further
development of new lands, and full utili-
zation of agreed-upon upstream riparian
rights.

For purposes of analysis, a 15 percent
reduction in supply was hypothesized. The

IFPRI model was significantly revised to
simulate the following options:

€ present management, which would re-
sult in concentration of shortages at tail
ends or otherwise disadvantaged loca-
tions

€ efficient management, which would
share shortages equitably among all
farmers

The latter modification was important
because the previous formulation presumes
efficient management and uniform distri-
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bution of shortages. Under these circum-
stances, every farmer seeks an efficient re-
sponse to shortage by changing cropping
patterns to make the best use of the reduced
supply. If shortages are not evenly distrib-
uted, farmers who have better access to
water continue to seek maximum returns
to land, and farmers who have worse ac-
cess receive residual supplies and experi-
ence a more severe shortage, often exacer-
bated by unreliability. To formulate this is-
sue within the model, an arbitrary decision
had to be taken about the division of the
area into those with “better” and “worse”
access. Clearly, the most extreme case
would occur where the tail-end mean is
roughly equal to the shortage (that is, for a
15% shortage, the disadvantaged area is
15% of the command). Under these circum-
stances, deliveries to the tails would be zero
because the full available supply is con-
sumed in the advantaged areas.10 As a first
approximation, the advantaged and disad-
vantaged areas were assumed to be equal.

The results show that from the national
perspective, a water shortage of 15 percent,
if inefficiently managed (concentrated

among tail-end farmers), would result in a
7.1 percent fall in agricultural production,
but an efficiently managed shortage (evenly
distributed among all farmers) would limit
the fall in agricultural production to 4 per-
cent. It is interesting to note that because
the overall demand for agricultural com-
modities is inelastic, reductions in supply
result in more than proportional increases
in price, so that farmers as a group receive
increased incomes.

The role of water pricing
Finally, the usefulness of volumetric water
pricing as a mechanism to promote more
efficient water use was explored. In the pre-
vious section, the impact of a reduction in
supplies of 15 percent was assessed in rela-
tion to two levels of management, each of
which was basically a rationing procedure.
Here, the approach is to use market forces
as a means of reducing demand. The analy-
sis shows that the volumetric charge re-
quired to induce a 15 percent fall in demand
would equal $300/ha, or about 25 percent
of the net farm income.

Conclusions and Implications

The preceding sections have identified a
number of conclusions:

€ The average annual cost of providing
water services to agriculture is about
$52/ha, which is about 4.5 percent of net
farm income.

€ The above cost is little affected by likely
variations in underlying assumptions
governing the allocation of costs among
sectors.

€ The present system of accounting does
not allow accurate differentiation of costs
by purpose and location.

€ Under present conditions of supply,
volumetric charges for water are only
marginally more successful in encourag-

ing efficient water use than crop-based
charges, which in turn are somewhat
better than a flat land tax.

€ Volumetric charges are an unrealistic
means of encouraging significant reduc-
tions in demand, because very high
charges are required to have a significant
impact.

Earlier in this report, three distinct ob-
jectives were identified as underlying the
purpose of service charges: the financial
objective—to recover from beneficiaries the
cost of providing water-related services—
and the two efficiency objectives—to encour-
age efficient use of the resource provided
and to provide the water service at a rea-
sonable cost.

10These relationships
are approximate be-
cause the formulation of
the model is complex,
allowing extensive in-
ternal optimization of
response in terms of la-
bor assignment and en-
dogenous prices.
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The results of the analysis now allow
some further consideration of these objec-
tives. The first is straightforward. Any of
the service-charge schemes assessed would
meet the criterion of recovering the full fi-
nancial cost of the service.

The two efficiency objectives have been
partially addressed. The analysis indicates
that the level of service charges required to
meet the financial objective is so low (6%
of farm costs and 4.5% of farm income) that
their impact on cropping decisions by farm-
ers will be minimal for any system of water
charges.

The results of the study using the modi-
fied IFPRI model clearly show that even
volumetric charges are unlikely to produce
significant efficiency gains within the po-
litically feasible range of charges. Further-
more, it is interesting to evaluate the ben-
efits of volumetric supply in relation to pos-
sible costs. The present delivery system for
the most part provides farmers with the
water they need—unmeasured and undif-
ferentiated—at the farm level. Any form of
rationing or volumetric delivery will re-
quire quite a different infrastructure to al-
low the necessary measurement of indi-
vidual supplies and the differentiation of
deliveries between farmers.11

At present levels of water availability, the
impact of volumetric delivery has been
shown to be negligible. For a shortage of 15
percent, efficient management leads to a fall
of 4 percent in sectoral production, while
the present management would result in a
fall of 7.1 percent—a benefit to the combi-
nation of service charges and management
of 3.1 percent. The cost effectiveness of that
benefit to efficient management can be in-
terpreted as follows:

€ Based on present agricultural production
at $1,200/ha annually, the productive
benefit would be $1,200 × 3.1 percent, or
$37/ha.

€ Achievement of these benefits would re-
quire the introduction of a system of wa-

ter delivery capable of providing mea-
sured quantities of water to each farm.
The infrastructure of the Irrigation Im-
provement Project would meet this need,
and it is currently estimated to cost
$1,150/ha for civil works.

€ Ignoring all other effects, the return on
this investment is 3.5 percent
($37/1,150), which would be further re-
duced by the substantial organizational
costs of billing, measuring, and collect-
ing differentiated service charges.

This conclusion applies with equal force
to suggestions of rationing water allocations
(Bowen and Young 1983) and tradable wa-
ter rights (Lofgren 1995), because the
infrastructural and management implica-
tions are similar in each case. This is not to
say that improved management may not
have numerous other benefits,12 but rather
to indicate that the benefits resulting from
improved allocational efficiency are small
in relation to the costs.

The question of how the introduction of
charges may influence efficiency in provid-
ing the service has to be examined. A ben-
efit of service charges is to make both the
service provider and the service receiver
conscious of the costs incurred. To achieve
this linkage, service should be disaggre-
gated to units where the link is transpar-
ent. For example, in the United States many
projects are provided with water by federal
agencies at agreed-upon (and often subsi-
dized) rates. Within the project the farmers
bear the full cost of O&M, and also set their
own charges. At this lower level, the link
between cost and service is direct and trans-
parent; decisions on the allocation of re-
sponsibilities and levels of service are in-
fluenced by impacts on cost.

In Egypt, this might correspond to sup-
plying water at a common rate to all direc-
torates, and setting charges within the di-
rectorate to meet costs incurred at that level.
As long as a central authority has responsi-
bility for the delivering of water from

11This logic applies
equally whether the
system is fully operated
by the government or
by some combination of
government agency and
farmer group—who-
ever allocates water at
the farm level will need
the associated infra-
structure.

12With the present ar-
rangement, significant
supply reductions would
likely result in severe
water shortages and,
due to local concentra-
tion or shortages, salin-
ization in tail-end
reaches.
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Aswan to the mesqa as well as associated
responsibilities for water quality, mainte-
nance of navigation flows, and so on, it will
be difficult to establish a relationship that
the beneficiaries can identify with and, as a
group, exert pressure on to change the ser-
vice and the associated cost of providing
the service.

Three essential changes would underpin
such a situation: (1) The introduction of ac-
counting procedures to allow clear identi-
fication of costs incurred, (2) the definition
of a service point above which the govern-
ment agency provides water services at an
agreed-upon cost and below which the ben-
eficiaries pay service-related charges, and
(3) the definition of the service to be pro-
vided at the service point (in terms of quan-
tity of water, timing, rights in case of sur-
plus or deficit, and so forth). Providing a
defined service will involve infrastructural
changes similar to those already discussed.

Some initial comments can be offered on
future operational decisions, which are be-
yond the scope of this paper. The definition
and introduction of defined services will be
time consuming and especially difficult

under Egyptian circumstances. The system
currently operates as a demand system with
enough water to meet the vast majority of
needs. If this is to continue (that is, if water
supply to existing agriculture is not going
to be significantly cut by direct withdraw-
als for New Lands, by increasing demands
for water-intensive crops, and by effective
reductions in available water through high
rates of pollution), it is doubtful whether
formal water allocation would be re-
quired—the system can simply continue to
be run as a demand system. However, if
serious shortages are anticipated, far clearer
legal definitions of water rights and water
service will be required.

Thus, the driving logic for establishing
service definitions will be future water de-
mands and the consequent water balance
rather than cost recovery considerations.
The present cost of providing the water ser-
vice is relatively low, and present evidence
suggests that efficiency gains in the cost of
the service would not justify the problems
that will arise in the definition (and physi-
cal delivery) of water allocations and wa-
ter rights.
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