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£, EMREaTE (UNEP) (2 PACD Q#{fi% T\, b
TR ERE, S-SR - R B
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A New Methanol Synthesis Method from Biomass and Solar Energy in World Deserts
Yasuko NisHIGAMI*, Hiroshi SANO* and Toshinori Koyma**

This paper shows a new methanol synthesis method. Carbon is supplied from wood and hydrogen is supplied from
electrolysis of water with solar power generation system in deserts. This methanol is renewable liquid fuel, and will
possibly be an alternative energy after fossil fuels depletion. We call this methanol GBM (global bio-methanol). In this
paper world forest area near deserts, which is thought to be suitable to produce wood for GBM, was estimated except
the current area for agriculture.

There is 436 M ha area of tropical forest for wood plantation within 1000 km from deserts in the world. Biomass from
this area will be converted to 6.93 G TOE (TOE =Ton Oil Equivalent) of methanol every year. This amount is equiva-
lent to about two times of world oil demand and satisfies about 80% of world primary energy demand.

We have focused on three suitable regions for GBM production. The first is South America. Peru Desert is along
seashore and this geological condition is good for solar PV plant, solar thermal power generation and wind power
generation. Amazon is the largest tropical forest in the world and 10 % of the area has already been cut down. A part of
the developed region will be suitable plantation area for wood production and the more effective land use of the region
will protect the existing natural tropical forest at the end. GBM of South America will be exported to energy demanding
countries world wide.

The second is the west coast of North Africa. Sahara desert and tropical forest along Guinea Bay will produce much
GBM instead of firewood. Excessive gathering wood for fuel is one cause of desertification. GBM will play a role to
mitigate desertification in Africa. The huge investment will be required in desert solar power plants. Its fund would
come from developed countries when the reduction effect of COz emission by GBM is scientifically evaluated.

The last is the United States. The west of United States has Great Basin Desert and Mojave Desert. The wood
production of the United States is 15% in the world and the more production is possible. In California State, the natural
energy power generation systems such as PV, solar thermal and wind turbine are now operated in commercial base.
The reduction of CO2 by alternative use of GBM to oil combustion will become one political project for prevention of
global warming between Japan and the United States.

GBM needs many high level technologies of various kinds of industries such as agriculture, machinery, chemical
plants and natural energy power generation systems. These technologies of Japan are very excellent, though Japan
does not have deserts. GBM has the common viewpoint between the developing countries and the developed countries
toward global environmental issues beyond the economic North and South problem.

Key Words: Solar energy in deserts, Biomass, Methanol synthesis, Tropical Forest, Global energy transportation
system

* Laboratory Office of Global Energy Sysytem. 5-8-2-106, Makiochi, Minoo-shi, Osaka 562-0004, Japan.
** Department of Industrial Chemistry, Faculty of Engineering, Seikei University. 3-1-1, Kichijoji-kitamachi, Musashino-shi, Tokyo
180-8633, Japan.
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An Experiment on Detecting Remains in the Desert Area of
Egypt Utilizing Space-borne SAR Data

Masahiro ETaya*, Toshibumi SAKATA*,
Sakuji YOSHIMURA** and So HASEGAWA**

By the new archaeological study of ancient environment and necropolis formation in Egypt utilizing
space-borne SAR data, a couple of previously unknown remains of the Egyptian dynastic period were
discovered in the desert area of the Memphite necropolis. The discoveries were made only by HH
polarization of L-band SAR, and strong radar backscatter patterns similar to the explored surrounding
remains were detected at the discovered sites. By the results of ground truths and comparison with a
similar example, it is reasonable to suppose that the radar backscatters at the discovered sites suggest the
existence of archaeological objects buried under the desert sand such as a group of stones, basement of
stone monument, etc. It may be the first example in the history of Egyptian archaeology that sand-covered
remains of the Egyptian dynastic period were pinpointed by the satellite image analyses of JERS-1 and
SIR-C. The discovery proved that HH polarization of L-band SAR makes possible a highly efficient

archaeologi-cal survey in the desert area of Egypt.

Key Words: Egypt, Desert area, SAR, Archaeological survey

1. Introduction

While an aerial photograph is helpful in Egyptian
archaeology, it may be said there is almost no instance
where remains or ancient monument have been discov-
ered due to an aerial photograph. Tokai University
Research & Information Center (TRIC) has carried out
many archaeological studies utilizing satellite remote
sensing technology in the last two decades. This was
named “Space Archaeology”, and the primary objective is
to investigate remains and ancient environment by the
satellite data analysis with the aid of complementary data
in the fields of archaeology, topography, geology, climate,
and so on. By the use of this method, a study to analyze
the ancient environment in the desert area of Egypt has
been made since 1994. The discovery of the New King-
dom cemetery at Dahshur North was one of the most
conspicuous examples which proved the usefulness of

high resolution optical satellite data (KVR-1000) in archae-
ological survey. It gave us a lot of new information about
the Memphite necropolis formation in the Egyptian
dynastic period.

On the other hand, SAR (Synthetic Aperture Radar) is
an active microwave sensor which transmits microwave
pulses and receives echo pulses from the earth’s surface.
Needless to say SAR has day / night and all-weather
observation capabilities, but the significant attribute of
SAR in Space Archaeology is its potential penetrating
capabilities. It has been already proved by the SIR (Shut-
tle Imaging Radar) experiment of NASA that the radar
wavelength can penetrate thin sand-cover of the surface
under very arid conditions (MCCAULEY et al., 1982). This
experiment suggests to us that a good deal of additional
information on ancient environment of Egypt could be
uncovered if we can find intact ancient remains under the
desert sand by the use of satellite SAR. For this reason,
further study to analyze the ancient environment of Egypt

* Tokai University Research & Information Center. 2-28-4, Tomigaya, Shibuya-ku, Tokyo 151-0063, Japan.
** Egyptian Culture Center of Waseda University. 1-17-22, Takada, Toshima-ku, Tokyo 171-0033, Japan.

(Received, September 17, 1999; Accepted, February 12, 2000)
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utilizing satellite SAR data was started, and a total of two
unknown remains have been found in the desert area of
the Memphite necropolis so far.

2. The Study Area and the Method

What we expect of SAR in archaeological survey is to
detect buried remains. Optical sensors (i.e., Landsat-TM,
SPOT-HRYV, etc.) are only sensitive to the materials on
the surface, while L-band SAR can penetrate thin sand-
cover in an arid region. As for the penetrating capabilities
of L-band SAR, there is a notable example where ancient
drainage channels hidden some meters below the surface
of the Sahara Desert were imaged by the SIR sensor
(McCAULEY et al., 1986). In the desert area along the
Nile valley, there are plenty of monuments representing
ancient Egypt such as pyramids, temples, as well as private
tombs. These monuments were mostly concentrated in
the metropolis cities of the Egyptian dynastic period such
as Memphis, Luxor, and the surrounding area along the
Nile. They have already been mostly investigated, how-
ever it is thought that some of them are still buried under
the desert sand. For this reason, the desert area of the
Memphite necropolis (from Abu Rawash to Dahshur)
was determined for our study area.

In this study, the following approach was employed. L-
band SAR images of JERS-1 and SIR-C shown in Fig. 1
were collected to find undiscovered ancient monuments

- e godr &
(a) JERS-1  26/AUG/1994

(b) SIR-C  04/APR/1994

in the study area. As comparative data, C-band SAR
images of EERS-1 and RADARSAT were also prepared.
To start with, archaeological searches to learn the accurate
positions for already-known (unearthed) archeological
sites based on field observations and literature were
done. The resulting data was put on topographic maps of
1:5,000, and they were digitized as shown in Fig, 2. Next,
the satellite SAR images and digitized archaeological
maps were geometrically corrected exactly to the same
coordinate system with resampling pixel size of 10 m, and
they were combined. Then field observation targets
which have a strong radar backscatter looking like
archaeological sites were selected from the desert area
where nothing should exist. Lastly, they were carefully
verified by repeated ground truths.

3. The Dtection of the Sites

By utilizing this method, a total of ten field observation
targets were selected. As the result of ground truths, it
was verified that at least two of those targets contained
unreported archaeological sites supposed to be ancient
Egyptian remains. Fig. 3 and Fig. 4 show the radar
backscatters and surface conditions of the discovered
sites respectively. The first site (Site No.1) was found
only by L-band SAR image of JERS-1 in the desert area of
Saggara which was approximately 2 km southwest of the
step pyramid, and 700 m west of the Great Enclosure. A

. Abu Rawash
e

N8

Abusir
i Sagqara. ;.

" Site No.1e o Memphis

-

$ Dahshur 4
0 5 (k) 5 / Z
oy — | % 3y

(c) Location of the sites

Fig. 1. L-band (HH) satellite SAR images of the study area and the location of the discovered sites.



wide range strong backscatter with a radius of approxi-
mately 150 m was detected in the desert area where no
artificial object exists according to the digitized archaco-
logical maps and optical satellite images. It was obviously
different from that of the surrounding area. The ground
truth was carried out, and it was revealed that the site

spread in gentle undulations, and there were plenty of

pyramid

Step
S J

Great Enclosure

= Reyll R 1
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archaeological surface deposits such as fragments of
limestone blocks, pottery shards measuring about ten to
several tens of centimeters, thin sand-covered mud
bricks, etc. Among them, blue painted pottery shards
were characteristic of the fragments uncovered in this
site. By observing these finds, they were evidently

remains of the dynastic period, and we may narrow down

e - L3
map (c) SIR-C+archaeological map

Fig. 2. Digitized archaeological map and the combined L-band (HH) SAR images of Saqqara area.

(a) JERS-1 image of Site No.1

(b) SIR-C image of Site No.2

Merenre's pyramid

0 200(m)

(T

Fig. 3. The redar backscatters of the discovered sites.
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An example of thin sand-covered limestone A grup of limes!ne l'ragms
block (below)

(b) Site No.2

Fig. 4. The surface conditions of the discovered sites.



Table 1. Features of the archaeological sites.

Site No.1 Site No.2 Dahshur North
Area Saqqara South Saqqara North Dahshur
Height 60m 48m 50m
above sea level
Topographic desert hilltop desert hilllop desent hilllop
feature with gentle undulations with three mounds
Land cover coarse sand coarse sand coarse sand
Finds mud bricks, depressions in the ground, mounds, depressions in the
fragments of artificial sione antificial stone blocks and ground, possible shafts, artificial
blocks and a great number of fragments, etc. stone blocks and fragments,
pottery fragments, etc. pottery shards, etc.
Underground (after excavation)
shaft tombs, mud brick buildings
and chamber rooms, etc.
Detected a large extent with a radius of a dot shaped pattem none

radar backscatter approx.150m (JERS-1)

(SIR-C L-band/HH)

the date of the site to the New Kingdom period.

The second site (Site No.2) was found by SIR-C. A dot
shaped strong backscatter appeared on a hilltop of the
desert area which was 200 m west of Merenre’s pyramid.
The backscatter was detected by only HH polarization of
L band, and the shape resembles that of the surrounding
pyramids. There are many pyramids and monuments in
this area, however nothing has been reported about this
site. As for its backscatter strength, it was relatively
weaker than that of Merenre’s pyramid. The ground
truth for Site No.2 was done, and some archaeological
features such as many depressions in the ground sup-
posed to be traces of ancient shaft tombs, and surface
deposits including fragments of limestone blocks were
found at the site. The characteristics of the surface
deposits suggested that they were remains of the dynastic
period, though the date has not been specified yet.
Moreover, its height of 48 m above sea level meets the
necessary condition of pyramid building that most pyra-
mids are located on a hilltop higher than 40 m above sea
level (SAKATA et al., 1997). Here, the most notable point
is that Site No.2 is surrounded by a group of the Old
Kingdom pyramids such as Pepy I, Izezi, Merenre, and
besides, the detected backscatter pattern is very similar
to those pyramids.

4. Examination of the Cause-and-effect Rela-
tionship between the Discovered Remains
and L-band SAR Images

1) Characteristics of the discovered sites

Before starting the examination, we will outline the
characteristics of the discovered remains based on the
ground truth. The two discovered remains were detected
only by HH polarization of L-band SAR images (i.e., JERS-
1 and SIR-C), and no definite radar backscatter which
suggests the existence of the remains was found by any
other SAR images used in this study as shown in Fig. 5.
Both sites were located on desert hilltops with the height
of over 40 m above sea level, and their topographic
features were quite common. As for Site No.1, plenty of
archaeological surface deposits of the New Kingdom are
dense in an area with a diameter larger than 100 m. On
the other hand, the characteristics of Site No.2 are many
surface depressions supposed to be traces of shaft tombs
with a diameter of 2-3 m, and stone blocks of the Egyptian
dynastic period.

2) Estimate of the backscatter sources

The first point that requires clarification is to specify
the backscatter sources affecting each discovery. Though
excavational investigation must be the best way for that
purpose, it is very important to narrow down the scatter-
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Fig. 5. Satellite images of the discovered sites and comparison with the surrounding ancient monuments.



ing sources for each discovered set of remains before-
hand. In this study, the following comparative method
was employed to point out the scattering sources.

The site of Dahshur North, which was discovered in
1996 by the analysis of an optical satellite image, is an
extremely large cemetery with a mud-brick building of
the New Kingdom period. The surface characteristics of
Dahshur North are quite similar to Site No.1 and Site No.2,
because a number of archaeological surface deposits
including fragments of stone blocks and shaft tombs’
depressions in the ground can be observed, and more-
over it is located on a hilltop higher than 40 m, as noted
in Table 1. That is to say, the site of Dahshur North can
be a good comparative case to deduce the scattering
sources of Site No.1 and Site No.2.

For this reason, L-band SAR images of Dahshur North
were carefully analyzed. Fig. 6 shows the field view, the
SAR images, and the location of the finds for the central
part of Dahshur North.

angular surface produces a strong radar backscatter, while

In SAR imaging, rough or very

smooth surface of fine grained material, such as sand and
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silt, results in low radar backscatter (HENDERSON and
Lewis, 1998). We can see from Fig. 6 that no definite
radar backscatter corre-sponding to the surface features
or finds of Dahshur North (i.e., surface deposits, shaft
tombs, and depressions) was found by either image. In
consequence, it is reasonable to suppose that the radar
backscatters for Site No.1 and Site No.2 are not from the
desert surface, but from some other rough or very
angular interfaces / scattering objects buried under the
desert sand (e.g., a group of stones, basement of stone
monument, etc.).

3) The difference between the images of JERS-1 and

SIR-C

The second point which needs to be examined is the
difference in appearance of the discovered sites on the
images, because the images of JERS-1 and SIR-C were
disparate in both geometry and radiometry, though both
of them were acquired in the same band and polarization.
Particularly, it is necessary to clarify that Site No.1 was
visible to the image of JERS-1, though it was invisible to

(a) General view before excavation

(e) SIR-C L-band HH
100(m)

(d) JERS-1 image
0 100(m) 0

(b) An excavatedr mud-brick building

(c) Depressions in the ground

Mud-brick building

o--Shafl tombs (or depressions)

02100(m). S0
() The location of the finds

Fig. 6. The site of Dahshur North.
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Table 2. Characterisitcs of SAR data used in this study.

JERS-1 SIR-C EERS-1 RADARSAT (Fine)
Acquisition 26/AUG/1994 04/APR/1994 12/NOV/1994 16/AUG/1997
09/NOV/1995 11/NOV/1994
Altitude (km) 568 210 785 798
Frequency (GHz) L-band = 1.275 L-band = 1.25 C-band = 5.3 C-band=5.3
C-band = 5.3
Polarization HH HH vv HH
HV
Off-nadir 35 - 20 -
(degrees)
Incidence angle 38.7 65 23 38
(degrees)
Orbit direction Descending Ascending Descending Descending
Ascending
Spatial resolution Range 18 Range 25 Range 26 Range 10
(m) Azimuth 18 Azimuth 2§ Azimuth 28 Azimuth 10

SIR-C. By contrast, Site No.2 was visible to the image of
SIR-C, while it was invisible to JERS-1. There are several
factors (i.e., surface roughness, complex dielectric, slope
angle & orientation, wavelength or frequency, polariza-
tion, incident angle, look direction, etc.) which influence
the brightness of radar images. In this case, a couple of
factors can be admitted as the main reason at least. One
is that there may be a great difference in the form / fea-
ture of subsurface interface between the two discovered
sites, because the shapes of their radar backscatters are
quite different. And another one is the difference of
incident angle between JERS-1 (38.7 degrees) and SIR-C
(65 degrees) as shown in Table 2.

4) Complicated case

Finally, difficulties in detecting archaeological sites
using L-band satellite SAR are examined. Although a
large number of researchers have carried out satellite
SAR studies, little is described about its difficulties. As
mentioned previously, the subsurface imaging capabilities
of L-band satellite SAR, especially the ability to detect
subsurface objects through sand layers, is greatly
expected in this field, however the limits are still being
explored. For this reason, we reexamined both images of
JERS-1 and SIR-C to reveal difficulties in the way of

detecting ancient Egyptian remains under the desert
sand using L-band SAR.

Here, we focused attention on a complicated strong
radar backscatter of SIR-C image shown in Fig. 7. It was
located approximately 1.5 km south of the Great Enclosure
where nothing should exist except desert according to
optical satellite images as well as the digitized archaeo-
logical maps. Moreover, the radar backscatter was very
similar in geometry and radiometry to Site No.2. By the
additional ground truth, we have verified that it was not
remains but pebbly desert. There were plenty of pebbles
with the approximate size of 1 cm to 5 cm on the ground
surface, and nothing which suggested existence of an
archaeological site was found in the surrounding area
either.

By way of conclusion, one of the difficulties in detect-
ion of Egyptian archaeological sites using L-band SAR
emerged that, under certain conditions, it might be hard
to distinguish between archaeological sites (e.g., stone
monuments, etc.) and pebbly desert without ground
truth.

5. Conclusion

Many application studies utilizing satellite data have
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Fig. 7. A complicated radar back scatter form pebbly desert and the field view,

been made in various places of the world. However,
there was no instance where the detection of ancient
remains in the desert area of Egypt had succeeded by
the analysis of satellite SAR image. In this study, two
unknown remains of the Egyptian dynastic period were
newly discovered by the use of L-band satellite SAR
images. The discovery obviously substantiated that HH
polarization data of L-band SAR was the optimum for
detection of Egyptian archaeological sites buried under
the desert sand. Though we have not been concerned
here with the historical worth of the discovered sites, it
may be left to archaeological excavations.

In conclusion, we should note that utilizing satellite
SAR provides a highly efficient archaeological survey in
the desert. Also the result of this study will contribute to
further study to analyze the ancient environment of

Egypt.
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Performance Assessment Framework for Irrigation System
Characterization and Comparative Evaluation among Regional Units

— Case Study: Egypt’s Irrigated Agricultures —

Tarek Hanafy Selim KoTs*, Tsugihiro WATANABE**,
Yoshihiko OGINO** and Takao NAKAGIRI**

In this study, a performance assessment framework for irrigation system characterization and
comparative evaluation among regional units is introduced and applied to the irrigated agriculture of Egypt
to assess the performance of the 23 irrigation directorates in the Nile Valley and Delta. The framework
integrates four external input and output performance indicators, which were verified technically and
practically. The external input indicators are the Water Sufficiency Indicator, which measures the degree of
sufficiency of supplied water and the Water Quality Indicator, which estimates the average salinity of
irrigation water supplied from all available sources. The external output indicators are the Land Use
Indicator, which determines the number of cropping seasons implemented in the serviceable area and the
Land Productivity Indicator, which develops a relative index of the productivity of all grown crops.

First, every indicator is employed individually to characterize the main system performance. Afterwards,
all indicators are combined in a performance assessment framework to comparatively assess the perfor-
mance of every regional unit. The framework can be demonstrated as a square that includes five zones,
each of which represents a performance category: Very High Performance (VHP), High Performance (HP),
Normal Performance (NP), Low Performance (LP), and Very Low Performance (VLP). The borderlines
between zones are parallel to one diagonal of the square and the other diagonal is divided equally into five
parts along the other diagonal, each of which located in one zone.

The irrigated agriculture of Egypt was characterized significantly. The directorates located near impor-
tant cities received sufficient water supply; however, it was relatively at the expense of the quality. Upper
and Middle Egypt directorates mostly did not suffer from water shortage or deteriorated quality problems.
Water was in short supply in the newly developed directorates in the Western Delta. The land use was
generally satisfactory and many directorates managed to implement two main seasons per year, while few
directorates failed to meet this target. The land productivity range was very wide. The directorates, which
managed to attain high land productivity, received sufficient water supply, except for W. El-Behera in the
Western Nile Delta.

None of the irrigation directorates had serious water quality problems on macro scale despite the likeli-
hood of opposite situation on micro scale, especially at minor canals ends.

In view of the authors’ experience regarding the irrigated agriculture of Egypt, the introduced assess-
ment framework has proven valid and feasibly adaptable with respect to data acquisition.

The results showed a noticeable overuse of water and, therefore, there could be high potential for water
saving and expanding agricultural lands vertically and horizontally with the present water resources. Yet,
further study is needed to support this conclusion and recommend the necessary measures in view of the
optimization objectives drawn by the policy makers and system planners.

Key Words: Performance assessment framework, Irrigation system characterization, Irrigated agriculture,
Egypt, Potential of water saving
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1. Introduction

Irrigation system performance, prominently in develop-
ing countries, has been found unsatisfactory. There are
few agreed performance indicators, but no agreed frame-
work despite the frequently stated concerns with poor
performance (MURRAY-RUST and SNELLEN, 1993). Globally,
irrigated agriculture must be expanded horizontally and
vertically to cope with the population increase. However,
this objective is restricted by the scarcity of water
resources, mostly in arid and semi-arid regions where
population is increasing rapidly. No improvement can be
expected unless the present performance is evaluated;
system objectives are reviewed, and if necessary justified.
Yet, performance assessment is regarded as a marginal
task that is occasionally carried out whenever serious
problem occurs. In such a case, the upper rank organiza-
tion may act to diagnose the causes, and probably
progress further towards initiating future counter
measures.

Basically, irrigation managers have to set realistic
objectives in view of the available resources; for example,
water in terms of quantity and quality, arable land, and
human and financial resources. In this context, compara-
tive performance assessment among system units is
useful to set actually achievable indices rather than the
ultimate ones; for example, the maximum achieved
productivity among regions could be the reference when
assessing individual performance of the sub-systems or
small scale-units. This is logically accepted since all
system units are affected by similar externalities and
internalities.

The objective of this study is to develop a practical and
easily adaptable performance assessment framework, in
which, external input and output indicators are integrated
to assign the comparative performance of regional units
of an irrigation system. First, the performance indicators
are employed to characterize the system and identify its
general features. Second, the individual performance of
every unit is categorized and the defective areas are
technically designated. The applicability and validity of
this framework is demonstrated in the irrigated agricul-
ture of Egypt as a case study.

2. Study Approach

The introduced approach in this study aims at assess-
ing the system outputs taking into account the quantity
and quality of inputs: we can not expect to achieve a lot
when we only give a little; but it would be a waste if a
little is achieved with sufficient resources. An output-
oriented system may give deceptive complacency if the
objectives were met since it does not look at the efficien-
cy in which the resources were utilized.

Water in terms of quantity and quality may be recog-
nized as the major input. Although less consideration
has been given to water quality in most of the traditional
evaluation methods, the amount of applied salts through
irrigation water has been recently realized as an impor-
tant factor for crop production, land use and sustainability
of irrigated agriculture, providing that water is free from
other pollutants.

SMALL and SEVENDSEN (1992) describe irrigation as a
set of nested systems, each of which has its own particu-
lar set of objectives. The primary linkage between these
systems is that the outputs from one system become part
of the inputs into the next system, establishing a means-
end framework. Five nested systems were incorporated
as follows: irrigation system where water is conveyed
from the source to the farmers’ fields; irrigated agricul-
ture system where farmers use water and other inputs to
produce crops; agricultural economic system where the
produced crops are valued; rural economic system which
deals with the entire set of economic activities in rural
areas, which finally form a part of the highest level; that is
the political-economic system. Therefore, assessing
agricultural performance links the within season
indicators of irrigation system performance, or hydraulic
performance, with the wider agricultural economic and
rural systems. A wide group of researchers typically
recommend both, land use and productivity, as the most
meaningful output indicators.

Indeed, there could be other influential parameters like
the number and status of physical components, institu-
tions, finance, if the system is budgeted governmentally,
and farming practice. However, such parameters could
be implicitly perceived when the suggested assessment
framework is applied, as will be explained.



Irrigation staff is vested, in the first place, with keeping
the physical components secured and-maintained to the
extent that makes them function properly, and thereby
water would possibly be conveyed to every plot in the
desirable quantity and quality, and at the required time.
The related tasks may be recognized as scheduling and
distributing the available water equally among users and
maintaining the system components. If the water
consumed by an irrigation unit is noticeably higher than
required, there could be defects in the physical system
components, or it may be attributed to the inefficient
water distribution. Both reasons should be ascribed to
the irrigation staff performance either with respect to
maintenance or water scheduling and monitoring of the
distribution process. If the lack of finance constrains
improving the system physically, it is partly the responsi-
bility of the staff, which is supposed to find the necessary
fund, either through cost recovery programs, or from the
government’s budget, subject to the country’s policy with
respect to public or private sectors’ domination.

In real life, we believe that farmer always follows his
instinct and experience, for example, with respect to crop
selection, fertilizers application, overcoming water
shortage by recycling irrigation water through drains or
pumping groundwater, and avoiding waterlogging and
soil salinization. Farmers’ behavior is mostly a response
to the irrigation unit performance, particularly to its
degree of reliability and equity of water distribution.
Nevertheless, we also believe that there could be some
unskillful farmers, but we may skip this assumption
because we focus merely on the staff performance in the
present study.

Seasonal or annual basis is convenient to assess the
irrigation staff performance since the output indicators,
cropping intensity, and land productivity, can only be
measured at the end of the growing season, while it is
easy to process the water quantity and quality data for
any time span. Notwithstanding, we realize the important
impact of water supply with respect to time, but for
simplification and time-consistency with other indicators,
we recommend estimating the performance indicators on

seasonal or annual basis.
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3. Performance Indicators

The process of performance assessment measures two
functions: the first is the attainability of a specified set of
objectives and the second is the efficiency in which the
resources were used (MURRAY-RUST and SNELLEN, 1993).
The true performance indicator must help to measure
these two functions, besides being adaptable for multi-
use. For instance, the indicator could be developed
originally to measure the sufficiency of water supply,
while it helps assessing the potential of water saving as a
broad and strategic objective. The selected performance
indicators for this study are meant to be of scientific
basis, quantifiable, easy to use, costly effective with
respect to data acquisition, and possibly aggregated for
comprehensive evaluation.

1) Water sfficiency indicator

Efficiency is one of the most useful terms to measure
the sufficiency of water and system losses. The project
efficiency (ep) is defined as (Bos and NUGTEREN, 1990):

&= ————V’”;J‘:‘ZV‘ W
where V,, is the volume of water needed to maintain soil
moisture above minimum level required for crop; V. is
the non-irrigation deliveries from conveyance system; Vi
is the non-irrigation deliveries from distribution system;
V, is the volume of water diverted or pumped from river
into main canal or conduit; and V; is the inflow from other
sources. If V. and Vy are insignificant relative to Vi,
which is often true, e, can be estimated as:
Vn
= _—V' + V, (2)

LEVINE (1982) introduces the definition of Relative
Water Supply, which is the inverse of the efficiency, and
classifies it into two terms: Theoretical Relative Water
Supply (RWST) and Actual Relative Water Supply (RWSA).
The latter involves intensive field measurements, namely
seepage losses, and therefore, we suggest using the
RWST since it practically pertains the study prospect.
The RWST is “the ratio of water supply at the location of
interest to the water demand associated with maximum
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production of the optimal crop or cropping pattern grown
with appropriate cultural practices on the total irrigable
area or intended to be served from that location” (LEVINE,
1982).

The Water Sufficiency Indicator (WSI) is almost identi-
cal to the RWST and implies the sufficiency of supply
relative to demand as well as illuminating the status of
the system components. The term WS/ is more meaning-
ful for the study approach and could be easily under-
standable by practitioners. It is defined as “the ratio of the
input water to the unit command from all resources to the

crop requirements at field level.”

"

24
WSl =—— 3
E ac X Ac

where ¢; is the supplied water from source i and 7 is the
total number of sources; g, is the water duty at field level
for crop ¢; Ac is the area cultivated with crop ¢; and m is
the total number of grown crops.

2) Water quality indicator

AYERs and WESTCOT (1976, 1985) suggest that the
suitability of water for irrigation is determined by the
amount and kind of salts content: it would be very infre-
quent problems affecting crop production with good
quality water, unlike with low quality water. Water could
be supplied in ample quantity but in low quality. The
consequence would be a negative effect on crop produc-
tion, or part of the irrigable land would be left fallow.
Inefficient management and inadequate maintenance
may deteriorate the water quality.

In this research, we introduce the Water Quality Indi-
cator (WQI) which measures “the average salinity of
irrigation water” and can be estimated as:

imx&
WQI=-15— @

where S; is the salinity of water supplied from source :.

3) Land use indicator

The traditional definition of cropping intensity could be
the best indicator for the efficiency in which the cultivable
land was used. Increasing cropping intensity, or vertical

expansion, has become of global awareness as a necessary
measure to maximize the output from the irrigated agri-
culture process, needless to place large investments on
developing new land and constructing additional infra-
structure.

GARCES (1983) introduces a group of dimensionless
indices to assess the four broad interacting subsystems:
water, human, environment and economy. He introduces
the Area Utilization Index among his suggested indica-
tors for the water system as “the ratio of the harvested
area to the theoretically serviceable area” (GARCES, 1983).

In this study, we use the term Land Use Indicator iLUI)
which is defined as “the ratio of the cropping area to the
serviceable area” or:

m
Ae
1

LUl=—"—— 5
A ®

where A; is the serviceable area.

The LUI explicitly measures the number of growing
seasons and the area left fallow. It implicitly reflects the
staff efforts in maintaining the system components to the
extent that enables them to make water available for
every plot. If the available water was insufficient or of low
quality, the crop production would be adversely affected.
In this case, however, if the system is well maintained
and water is distributed equally, the land use assessment
would support the irrigation staff performance.

4) Land productivity indicator

Land productivity is one of the most useful indicators
and it has been used solely in many occasions to assess
the irrigated agriculture performance. Basically, it helps
express the quality of the service provided by the irrigation
staff with respect to water adequacy and quality.

Using monetary assessment of land productivity could
be inconvenient, especially in cases when the cropping
pattern is imposed or somehow controlled: the cropping
pattern may be imposed for strategic planning of the
country’s agrarian policy; scarcity of water resources; .
climate; or unfavorable soil conditions. This sort of
assessment is therefore unfair because the crop price
differs from crop to crop and further from region to
region. Using weight units is also inadvisable since they
vary according to crop nature and its byproducts, and



thus, they could be rather confusing. The comparative
evaluation among the productivity of the system units can
lead to the fairest assessment if the soil characteristics
and climatic conditions do not constrain plant growth,
and farmers are accustomed to the crop culture practice.
In this research, we introduce the Land Productivity
Indicator (LPI) which is a dimensionless comparative
indicator that measures “the average productivity of the
unit command cultivated with diversified crops.” If we
assume that P, is the productivity of crop ¢ in directorate
k, then we can determine the maximum and minimum
productivity of the same crop throughout the system as
Pe max and Pe min. The P max and Pe min can be assigned the
indices 10 and 1 respectively, and in the range between
them, P can be assigned the index I as given in the

following equation:
9 (P ck— P, c min)
Ip=1+—""""—" ©)
t Pemax — Pemin

Then, the LPI can be estimated as;

21 ck X Ack
L =—"—— )
r_zlAck

where A is the cropped area of crop ¢ in directorate k.

5) Relationship among indicators

A linear relationship between the actual harvested
yield and actual evapotranspiration was developed as
(DoorenBos and Kassam, 1979):

Ya

ET,
Ym =1~ ET.:)

1— 6]
where Y; is the actual harvested yield; Y, is the maxi-
mum harvested yield; K, is the empirical yield response
factor; ETy is the actual evapotranspiration; and ET,, is
the maximum evapotranspiration.

This relationship has proven valid up to 50 percent

a

ET.
expected to be the same for a certain crop in the same

water deficit or 1— =0.5. The values of Y}, are

agro-environment and so are the values of ET». Thus,

the relationship can be reformulated as:

Yo=b (ET)+d ©
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where b is the slope of the line representing the relation
between ET, and Y,; and 4 is the intersection with ¥, axis.

It is illogic to achieve any production without supplying
water, either through direct irrigation or rainfall, and
therefore d can be neglected. When the available soil
water for depletion by a crop is adequate, ET, equals ET,,
and it is possible to replace ET, by the quantity of
supplied water at field. Since LPI measures the crop
yield, and for simplification, let us assume linear
relationship between LPI and P, then, equation (9) can
be simplified as:

LPJ o< g qi (10)

or:
LPI o< WSI (11)

Practically, the higher the supplied water along a
certain time span; the higher the possibility of irrigating
larger land likewise the higher the number of possible
growing seasons. Therefore, LUI can be assumed in
direct proportion to WSI, too, as:

LUI o< WSI 12)

Another linear relationship between irrigation water
salinity and soil salinity is assumed as (AYERS and
WESTCOT, 1976, 1985):

EC, ¢ ECy (13)

where EC, is the electric conductivity of saturation soil
extract; and EC, is the electric conductivity of irrigation
water.

Also, a linear relationship between the relative crop
yield (Ya/Ym) and soil salinity is suggested as (AYERS and
WESTCOT, 1976, 1985):

Y,

Yo

=100—f(EC.—g) (14)

where g is the salinity threshold representing the maxi-
mum EC, at which a 100 percent crop yield can still be
obtained; and fis the yield decrement per unit of salinity
between g and EC, that represents the 100 percent yield
decrease.

Equation (14) can be simplified providing that the
maximum harvested yield (Yy) and the salinity threshold
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at a 100 percent crop yield (g) are constants for the same
agro-environment: same climatic conditions; water supply
in terms of quantity and quality; soils characteristics; and
common farming practice. Thus:

Yo=H—L (EC) 15

where H is the intersection with Y; axis; and L is the
slope of the line representing the relationship between
EC,and Y.

Similar relationship between LPI and W@QI can be
assumed as:

LPI cc [Hi— L (WQI) (16)

where H) and L, are the intersection and slope of the line
representing the relationship.

For more simplification, we can assume similar rela-
tionship between LUI and W@QI that includes similar
constants of those of equation (16); H and L, as follows:

LPI o< [Hy— L2 (WQI) an

4. Assessment Framework

The four performance indicators are integrated to form
an assessment framework as demonstrated in Fig. 1. The
figure shows a square with four axes: the two horizontal
axes represent WSI and WQI, which increase in opposite
directions, and the vertical axes represent LUI and LPIJ,
which increase in similar direction.

WQIl

4000 3200 2400 1600 800 O

The assessment square is divided into five zones: one
of the square diagonals is divided equally into five parts,
each of which represents the range of one zone, and the
borderlines of every zone are parallel to the other diago-
nal. The first zone is the Very High Performance zone
(VHP) that occurs when the inputs are very poor, but the
outputs are very high; the second is the High Perfor-
mance zone (HP) that occurs when receiving inadequate
inputs, while achieving high outputs; the third is the
Normal Performance zone (NP) that occurs when both
inputs and outputs have similar category, for example,
either very high, or high, or normal, or poor, or very
poor; the fourth is the Low Performance zone (LP) that
occurs when the inputs are high, but the outputs are low;
and the fifth is the Very Low Performance zone (VLP) that
occurs when the inputs are very high, but the outputs are
unexpectedly very low. The four indicators in a certain
irrigation unit are estimated and plotted on the perfor-
mance assessment framework to produce a performance
rectangle as shown in Fig. 1. A (NP) unit is exemplified
where the total crop water requirements at field level are
assumed as 1,000 Mm?; the supplied water from all
resources 1,600 Mm®; the serviceable area 100,000 ha;
the cropping area 150,000 ha, the average water salinity
800 mgL?; and the land productivity is assigned hypo-
thetical value of 8. Thus, the values of WSI, WQI, LUI
and LPI can be concluded as 1.6, 800 mgL, 1.5 and 8,
respectively, and plotted onto the performance assess-
ment framework to form the illustrated (NP) rectangle.

3.0 10
A ; 0 Exemplified normal performance rectangle
8 with the following performance indicators:
A 20 7 . WSI =16
6 WQI =800 mgL"
LUI . | LPI LUI =15
10 4 LPl =80
3
2
0.0 1
00 08 16 24 32 40
WSI

Fig. 1. Demonstration of the performance assessment framework and exemplification of Normal Performance rectangle.



The unit performance is categorized as the category of
the zone in which the largest area of the rectangle occurs.
This can also be determined mathematically, as the unit
performance would be similar to the category of the zone
in which the center of the performance rectangle exists.

The WSI axis has a maximum value of 4; the WQI 4,000
mg L' (calculated from Avers and WEsTCOT, 1976, 1985);
the LUI 3; and the LPI 10. This scaling criteria considers
the situation when the water supply is very plentiful as
the case of heavy precipitation-exposed lands; the water
salinity is as high as the intolerant extent by most crops;
the most efficient land use when three growing seasons
are implemented; and the maximum achievable crop
productivity. The relationship between the applied water
and crop production has been proven linear (DOORENBOS
and Kassam, 1979) and so is the relationship between the
salinity of applied water and crop production up to 50
percent reduction in crop yield (AYERs and WESTCOT,
1976, 1985), as explained above.

5. Case Study: Egypt’s lrrigated Agriculture

1) General

Egypt practices 100 percent irrigated agriculture since
precipitation is very scarce. The total cultivated area is
about 3.36 Mha, which is almost limited to the Nile Valley
and Delta (about 3.4 percent of Egypt’s territory). This
area is divided administratively from irrigation manage-
ment prospect into 23 irrigation directorates, which have
a wide range command from 49,707 to 210,145 ha (see
Fig. 2 and Table 1). Each directorate is managed by a
senior irrigation engineer “General Director”, who is
assisted by a staff of engineers, technicians, clerks, and
laborers on the different managerial levels (from head-
quarters level down to regional or district level). The
major task of the directorate is to schedule and distribute
water among users equally and reliably. This task makes
the staff vested with maintaining canals and drains above
field level, and the different types and orders of control
structures, besides controlling water resources pollution.
The directorate receives its water share at some main
control structures (supply points). The staff can not
control the supply because water is regulated among
directorates by the “General Directorates for Water
Distribution” in the Upper Egypt and Nile Delta. Within
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the directorate borders, the staff is fully responsible for
managing the directorate water share from all resources
(canals, drains and groundwater) by the means of a
series of control structures, pump stations, and licensed
groundwater wells. In other words, there is no opportunity
to increase water supply that is tightly allocated and
officially recorded. Nevertheless, water can be easily
recycled because the system is an example of the typical
“closed water system”.

The benefit from irrigation water has been increased
through the extensive reuse of drainage flow and
pumping of shallow groundwater, which is recharged by
deep percolation on field level and seepage losses from
water channels. This is practiced either officially using
drainage reuse pump stations, which blend main drains
and canals waters, and licensed groundwater wells, or
unofficially, when the farmers use small movable pumps
to recycle minor drains water and withdraw groundwater
from wells dug illegally. The official drainage reuse may
account for about 11 percent of Egypt’s share from the
River Nile (the River Nile is considered practically the
only source of water, which supplies Egypt with 55.5 km*
every year). The land productivity of the irrigated
agriculture in Egypt is one of the highest all over the
world (FAQ, 1993). The current cropping intensity lies in
the range from 1.17 to 2.31 and the targeted could be:
from 2.0 to 2.5, subject to the local agro-environment.
Water quality is satisfactory in the main stream and upper
order canals; however, it could be massively
contaminated at the minor canals ends, particularly in the
Lower Delta, as reported frequently.

2) Estimation of performance indicators

The assessment methodology is demonstrated in the
year 1992 because most of the necessary data are avail-
able for this year. Besides, this year is considered as a
normal year according to the Egyptian irrigation officials.
In other words, there are no reports about acute climatic
changes, serious water shortage complaints apart from
the regulars, and significant loss in crop production
either on regional or national level. The water salinity
data of the canals’ network was collected during 1994 and
1995. Before these two years, no similar data had been
measured to the best of our knowledge. We decided to
use this data for the year 1992 rather than inventing
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Fig. 2. Irrigation directorates in Egypt according to 1992 organization.

corresponding data to demonstrate the performance
assessment procedures. Nevertheless, we believe that
there should not be significant difference between the
data measured during 1994 and 1995, and the corre-
sponding data if it would have been measured during
1992 because of the nature of the irrigation canals in
Egypt; large size canals and regular management and
operational rules on annual basis. Therefore, considering
our assumptions and data approximations, we believe
that the utilized set of data is considerably reliable to
demonstrate the assessment methodology, characterize

the Egyptian irrigation system reasonably, and designate

the well and mal-performing irrigation directorates.

The crop water requirements (included in Table 2)
were estimated at field level for every directorate using
the cropping pattern given in Table 1 and regional crop
water duties (WMISRI, 1989). The supplied water from
all resources was summed up to estimate the total water
input into every directorate command (Table 2), The
municipal and industrial demands were subtracted from
the total supplied water to estimate the net irrigation
water. The WSI was estimated using the crop water
requirements and net irrigation water included in Table 2.

The WQI was calculated as the average salinity of the



supplied water, as given in Table 2. The data concerning
water quality in the canals network was incomplete
because only some sample canals data was available. The
assumption to develop water quality data was based on
regional generalization of the sample canal over the
surrounding sub-network.

The LUI was estimated using the data included in
Table 1 assuming that two crops occupy the land during
summer and winter seasons in the case of crops irrigated
the whole year round; namely sugar cane and gardens.

The LPI was computed straightforwardly since most of
the required data was available in the Agronomic Bulletin
of the Ministry of Agriculture and Land Reclamation
(MALR, 1993). The productivity of every crop in every
irrigation directorate is listed in Table 3.

Table 4 includes the four indicators in every
directorate and summarizes the directorates’
performance category.

3) Directorates’ performance and system characteri-
zation
Water Sufficiency

Generally, most of the directorates have obtained
sufficient water relative to the estimated demand.
Nevertheless, such sufficiency could be superficial in
some directorates given the status of infrastructure that
is likely to cause considerable losses. The infrastructure
status is indeed a function of the maintenance efforts
carried out by the directorate staff. As we are concerned
with external indicators in this research, the infrastruc-
ture status could only be discussed through assessing
the value of WS/, which may implicitly indicate that there
could be an inefficient infrastructure problem. Further
evaluation on micro level would therefore be needed to
confirm such suggestion.

The highest WSI is estimated in the directorates of
important localities. The maximum occurs in W. El-Menya
because El-Menya city is considered the regional capital
of both the Upper and Middle Egypt. Then, El-Ismaelaya,
El-Behera and Giza occupy the ranks from the second to
fourth respectively. All these directorates are nearby
some important cities, besides having some influential
landowners. El-Ismaelaya is a resort area for being easily
accessible to Cairo inhabitants and located at the middle
of the Navigational Suez Canal. Giza is included adminis-
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tratively in the Greater Cairo Area (Cairo, Giza and
Qalubaya Governorates). El-Behera supplies Alexandria,
the second important city and first international harbor,
with all drinking and industrial demands. All over the
system, El-Behera obtains the highest amount of water
(9.6 percent of the total supplied water to all directorates).

Contrarily to El-Behera’s situation, the other direc-
torates in the Western Delta obviously suffer from
insufficient water supply: Noubaraya, EI-Nassr and W. El-
Behera, which recorded the lowest WS/ all over the
system (less than unity). The commands of these
directorates are mostly newly expanded lands that were
reclaimed after the construction of the Aswan High Dam
(AHD) in 1970. These directorates are practically
prioritized after the old land directorates, which were
developed before the construction of the AHD, with
respect to supplying additional water to close the probable
gap between demand and supply. Moreover, there could
be several operational problems in these directorates, as
occasionally reported, such as high water conveyance
losses because the prevailing soil textures are not as fine
as those dominate the heart of the Nile Delta. In El-
Nassr directorate, the irrigation system was designed
originally as sprinkler and drip irrigation to use water
optimally. Most of the upstream farmers, however,
violate the law in this regard and irrigate illegally by
gravity. The reason is said to be the high operational
cost of micro irrigation compared to the traditionat
gravity method.

The other directorates occupy the middle of the WSI
list. The Upper and Middle Egypt’s directorates com-
monly receive stable and sufficient water supply. The
exception is given to El-Fayoum (WS/=1.14), which is
actually an oasis in the Western Sahara outside the Nile
Valley.

Water Quality

Water quality is very demonstrative measure of loca-
tion within the main system. Receiving sufficient water
for having strategic location near important cities is
usually at the expense of the quality. The directorates of
such conditions are normally subject to intensive pollution
by industrial and other urbanization activities at the main
water inlets as well as inside their commands.

At first glance, there are no serious water quality prob-
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Table 1. Cropping and serviceable areas

Wheat Beans  Barely Clover  Clover Vegetables Cotton  Rice
Directorate . (F) (W)
Aswan 3,755 2,273 4,015 0 2117 2,071 0 0
Qena 36,056 9,152 235 0 14,286 10,499 0 0
Souhag 65,659 8,543 894 18,674 19,577 9,364 20,013 0
Assyout 55,153 20,018 1,138 5,065 20,544 7,597 21,000 0
W. El-Menya 26,515 15,943 86 0 21,525 2,148 12,600 0
E. El-Menya 35,056 22,056 580 0 28,151 2,893 16,417 0
Beni Soyef 36,120 13,440 210 14,700 32,130 48,598 25,191 0
El-Fayoum 46,200 10,500 3,537 12,600 44,608 13,891 26,019 7,348
Giza 5,053 578 160 0 22,130 23,239 0 0
El-Qalubaya 33,248 6,048 0 25452 24366 24,162 17,997 0
El-Sharkaya 62,160 9,030 7,770 39,900 51,240 14,445 39,900 58,606
El-Salhaya 28350 2,730 2,562 17,094 20,658 13,020 16,212 4,190
El-Ismaelaya 9,721 4,076 4,476 0 11,626 36,523 0 1411
E. El-Dakahalaya 64,021 5,224 160 58,618 57,414 5,235 61,105 84,266
Damietta 7,560 3,291 0 4200 28,124 2,793 4,200 21,840
El-Menoufaya 45,353 4,170 13 26,058 61,655 6,634 26,058 0
El-Gharbaya 45,023 5,176 179 35,726 41,727 6,953 38,700 32,490
Kafr El-Sheikh 57,139 6,846 9,608 59,028 67,624 35416 51,777 107,562
W. El-Dakahalaya 39,913 4,262 299 30,321 37,390 6,838 30,321 58,697
W. El-Behera 34,177 5,804 355 28,035 41,258 11,088 32,309 27,098
Noubaraya 21,299 8,397 16,249 0 43,092 60,103 25,170 0
El-Nassr 0 0 0 0 0 0 0 0
El-Behera 33,138 3,780 2431 29,568 44,016 19,611 29,568 44,604

Source: MPWWR (1992)

The table includes the important crops only (large area-crops), but the total and modified cropping area
(T) is the temporary clover crop and F is the full season clover crop.

(W) is the winter crop and (S) is the summer crop.

** Perennial crop that is considered as winter and summer crop.

lems in all directorates since the maximum estimated salt either ground or drainage waters on official basis. On the

concentration is 810 mgL! in Noubaraya. Nevertheless,
some problems could be witnessed on micro scale,
specially at minor canals ends during the peak require-
ments period when water is often in short supply and
farmers have to recycle ground and drainage waters

other hand, most of the downstream directorates obtain
comparatively high salt input. The examples are clear in
the cases of Noubaraya, El-Behera, and W. El-Dakaha-
laya. El-Sharkaya also receives relatively saline water for
recording the highest official input from both ground and

violently. The water salinity of some sample canals were drainage waters.
reported during 1992/93 survey as (DRI, 1994): 1,180
mgL?! during April in El-Batikh Canal in the Eastern Land Use

Delta; and 2,890 mgL" during January and 2,400 mgL
during July'at the end of Noubaraya Canal and El-Tahrier
Canal, respectively; both canals are located in the Western
Delta.

. All the Upper Egypt’s directorates receive the best
water quality because they do not have to reuse drainage
flow in significant quantities. Surprisingly, W. El-Behera
and Damietta have recorded high water quality input.
Although the first is near to both Giza and Cairo, and the
second is a downstream directorate, they rarely use

Most of the directorates have managed to implement
two growing seasons, in some areas three seasons were
carried out, while very few failed to use the irrigable land
efficiently as the case of Aswan. In Aswan, although the
supplied water was more than sufficient and in high
quality, the directorate recorded the lowest LUI all over
the system. Similar situation was witnessed in W. El-
Menya, but the recorded LUI was better than in Aswan:
1.17 in Aswan and 1.5 in W, El-Menya. El-Salhaya has
also performed badly with respect to land use; however, it



in every irrigation directorate in 1992,

Unit: ha
Maize Sugarcane** Vegetables Gardens** Total Modified Serviceable
(S) (S) cropping area __ cropping area area
1,978 24,988 6,927 1,663 55,291 81,942 70,097
39,648 75,699 14,135 5,424 225,906 307,029 161,498
35,637 11,289 7,304 3,589 263,085 277,962 155,276
34,667 732 4,922 10,638 249,296 260,667 125,351
37,380 3,045 3,954 4917 150,964 158,925 106,260
44,945 13,020 4,308 6,885 203,997 223,902 116,134
31,080 420 29,400 4,200 309,712 314,332 135,954
23,100 519 45,567 19,420 300,090 320,029 143,850
22,978 277 27,187 9,650 144,321 154,249 77,214
75,250 4,452 0 34,560 249,533 288,545 146,840
63,378 0 20,562 25,200 409,227 434,427 209,745
18,088 252 13,020 12,096 153,327 165,675 100,264
8,384 29 42,726 17,682 153,375 171,085 90,077
49,860 665 0 11,374 403,787 415,826 207,913
4,620 0 13,477 2,999 93,365 96,364 49,707
97,117 161 16,582 24,935 343,485 368,582 169,699
55,103 0 18,779 13,042 300,568 313,610 177,832
34,706 234 18,414 6,138 466,743 473,115 209,217
41,115 105 10,039 5,171 268,134 273,411 151,200
38,112 0 15,348 6,064 285,474 291,538 168,039
25,188 0 88,261 33,954 342,660 376,614 210,145
0 0 0 0 135,920 135,920 140,960
30,765 113 26,557 22,890 296.069 319,073 142,048

includes all grown crops in the directorate command.

Table 2. Actual water supply, average salinity, municipal and industrial requirements, net irrigation
water and crop water requirements in every irrigation directorate.

Dircctorate  Actual supplicd®  Average*®  Municipal and***  Net irrigation  Crop water

water from salinity industrial water water requirements
all resources

(Mn’) (mgL™) (Mm’) (Mm”) (Mm’)

Aswan 1,415 204 8 1,337 736
Qena 3,861 205 29 3,832 2,550
Souhag 2,502 272 38 2,464 1,790
Assyout 2,542 230 29 2,513 1,608
W. El-Menya 2,744 419 27 2,717 925
E. E)-Menya 2,224 358 70 2,154 1,347
Beai Soyef 2,069 372 341 1,728 1,630
E)-Fayoum 2,271 435 186 2,086 1,823
Giza 2,101 518 530 1,571 824
E)-Qalubaya 1,861 390 274 1,587 1,370
El-Sharkaya 3,481 581 237 3,244 2,409
El-Sathaya 1,349 390 481 868 789
El-Ismaclaya 2,976 366 849 2,126 764
E. El-Dakahalaya 4,379 357 293 4,086 2,506
Damicita 888 295 256 632 607
El-Mcnoufaya 2,993 385 31 2,962 1,819
El-Gharabaya 3,269 515 93 3,176 1,706
Kafr El-Sheikh 3,741 307 100 3,640 2,840
W. El-Dakahalaya 3,0M 604 184 2,887 1,674
W. El-Behera 2,482 254 1,089 1,392 1,925
Noubaraya 2,176 810 632 1,544 1,736
El-Nassr 1,547 373 5 1,542 2,025
El-Behera 5,909 679 1,226 4,683 1,777
TOTAL 61,850 7,080 54,770 37,177

Sources; *  MPWWR (1992); RIGW (1992); DRI (1993)
** WMISRI (1996); RIGW (1992); DRI (1993)
*** MPWWR (1992)
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Table 3. Crop productivity in every irrigation directorate in 1992.

Unit: ton/ha
Crop Wheat Beans Barley Clover Clover Vegetables Cotton  Rice S. Maize Sugar Cane Vegetables Gardens
M ® W S)

Aswan 467 129 209 185 836 8.57 419  107.80 10.33 13.35
Qena 530 252 335 10.11  37.77 5.31 101.14 20.70 25.88
Souhag 515 221 336 755 1381 2245 2.26 692  114.02 23.00 18.38
Assyout 570 075 387 437 911 17.86 193 6.75 90.45 21.89 19.42
W. El-Menya 590 032 364 519 665 1180 215 6.93  103.57 38.05 14.41
E. El-Menya 590 032 364 519 665 1180 215 693  103.57 38.05 14.41
Beni Soyef 580 007 366 436 13.17 2694 2.64 5.39 62.54 26.80 18.01
El-Fayoum 543 206 341 338 700 2120 273 683 5.2 74.66 12.82 13.38
Giza 5.81 1.64 4.61 445 1254 31.50 1.40 6.40 84.18 32.19 13.55
El-Qalubaya 595 229 481 522 1310 2623 258 770 6.16 99.22 33.53 24.92
El-Sharkaya 584 248 470 424 1139 12.75 252 742 592 107.40 29.31 16.74
El-Salhaya 4.12 1.83 330 323 888 30.95 138 653 4.70 31.34 9.14
El-Ismaelaya 4.12 1.8 330 323 888 3095 138 653 4.70 31.34 9.14
E. El-Dakahalaya 588 231 430 268 1077 1510 260 775 6.0 81.08 20.03 14.65
Damietta 525 218 207 296 929 1941 172 737 553 82.89 24.06 12.90
El-Menoufaya 6.10 232 505 477 1145 12.04 285 698 624 83.64 14.70 24.05
El-Gharabaya 578 241 490 384 1005 1414 291 804 675 101.00 37.64 19.45
Kafr El-Sheikh 6.10 208 330 624 985 13.25 254 739 590 79.73 26.62 23.42
W. El-Dakahalaya 5.88 231 430 268 1077 1510 260 775 640 81.08 20.03 14.65
W. El-Behara 566 197 293 458 1221 1396 350 831 811 62.82 24.02 20.23
Noubaraya 400 185 174 447 772 1346 218 612 454 95.24 29.47 9.50
El-Nasst 400 185 174 417 1772 1346 218 6.12 454 95.24 29.47 9.50
El-Behara 566 197 293 458 1221 1396 350 831 811 62.82 24.02 20.23
Maximum 6.10 252 505 755 1381 3777 350 831 811 114.02 38.05 25.88
Mini 400 007 174 185 665 8.57 138 612 419 62.54 10.33 9.14

Source: MALR, 1993.
Only the large area-crops are included.

Table 4. Performance indicators and performance category
for every irrigation directorate during 1992.

Directorate WSI WQI LUl LPI Performance
(mgL™) category
Aswan 182 204 117 541 Lr
Qena 1.50 205 190 6.84 NP
Souhag 138 272 179 775 NP
Assyout 156 230 2.08 6.86 NP
W. El-Menya 294 419 150 539 Lr
E. El-Menya 160 358 193 544 NP
Beni Soyef 106 372 231 1755 HP
El-Fayoum 1.14 435 222 394 NP
Giza 191 518 200 823 NP
El-Qalubaya 116 390 197 728 NP
El-Sharkaya 135 581 207 6.20 NP
El-Salhaya 110 390 1.65 3.34 NP
El-Ismaelaya 278 366 190 545 NP
E. El-Dakahalaya 1.63 357 200 6.27 NP
Damietta 1.04 295 194 503 NP
El-Menoufaya 163 385 217 6.46 NP
E!l-Gharabaya 186 515 176 7.02 NP
Kafr El-Sheikh 1.28 307 226 641 NP
W. El-Dakahalaya 172 604 181 6.32 NP
W. El-Behara 072 254 196 781 Hp
Noubaraya 089 810 179 351 NP
E!-Nasst 076 373 193 119 NP
El-Behara 264 679 225 159 NP

obviously suffered from water shortage since it received
only 10 percent excess than its water demand, while the
conveyance losses could be high for having considerable
sandy soil compositions.

Beni Soyef achieved the highest LUI despite recording
low WSI and normal WQ!. This distinguished achieve-
ment has promoted the directorate to occupy the top of
the comparative performance list, as will be concluded
finally. Kafr El-Sheikh, El-Behera, El-Fayoum and El-
Menoufaya are ranked from the second to the fifth. Kafr
El-Sheikh has received irrigation water more than the
estimated demand by 28 percent with relatively reason-
able quality. El-Behera and El-Menoufaya have received
abundant irrigation water (164 and 63 percent more than
demand, respectively), but El-Fayoum has only received
14 percent more than its demand. This comparison
denotes the efforts of El-Fayoum’s staff in conveying
water to most of the serviceable command to attain LUI
equal to 2.22 (almost three seasons were implemented in
about 22 percent of the serviceable command and two
seasons in the rest of the command).



Land Productivity

The highest LPI was recorded in Giza, which received
irrigation water more than sufficient, but in comparatively
low quality. Its important location gives it the privilege to
obtain the best agricultural and irrigation services allover
the system.

W. El-Behera, unexpectedly, managed to occupy the
second rank of land productivity despite suffering from
the severest water shortage throughout the system. This
highlights the appreciable efforts of the staff in using the
available water optimally. It may also help to suggest that
the achieved LPI (7.81) could be improved markedly if
the supplied water would be increased to a sufficient
level. Broadly, this achievement can help to conclude
that the main system’s productivity can be ameliorated by
supplying sufficient water, improving the infrastructures
for better distribution, or upgrading the staff managerial
skills. In some cases, all these actions together could be
required.

Mostly, the directorates, which received water in short
supply, occupied the bottom of the LPI list as the cases of
El-Nassr, El-Salhaya, Noubaraya and El-Fayoum. This
could be a normal conclusion providing that water suffi-
ciency is the main governing factor for crop yield since
the quality is always within a threshold that does not
threaten the agricultural productivity seriously with
reference to international standards (AYERS and WESTCOT,
1976, 1985).

System Characterization
Based on the above analysis, the irrigated agriculture

system in Egypt can be characterized as follows:

1) The directorates located nearby important cities nor-
mally receive sufficient, and in some cases more than
sufficient water supply; however, this comparatively
occurs at the expense of the quality.

2) Most of the Upper and Middle Egypt directorates are
not subject to water shortage problems. Moreover,
water is usually in high quality since these upstream
directorates easily access to the River Nile and main
canals water, needless to recycle drainage flow
significantly, or pump groundwater in considerable
quantities.

3) The directorates established in the Western Delta as
newly reclaimed lands in relatively high sand content
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soils commonly to suffer from serious water shortage
problems.

4) On macro scale, there is no jeopardous water quality
problems despite the reportedly opposite situations at
minor canals ends during the peak requirements
period, particularly in the Northern Delta.

5) Many directorates managed to meet, or almost met,
the target of implementing two cropping seasons per
year, which highlights the intensive land use in Egypt.

6) The land productivity has a considerably wide range,
which is mainly dependent upon the staff efforts in
making water available to all users in ample quantity.
Notwithstanding, unequal water supply, or unskillful
farming practice could possibly affect crop production.

7) There could be a high potential for land productivity
increase since the achieved level in W. El-Behera is
ranked as the second system-wide in spite of receiving
insufficient water supply. Such phenomenon indeed
requires further study.

8) The area served by every directorate has a very wide
range while the staff and administrative skeleton are
almost similar.

Directorates Performance

In the beginning of this sub-section, it is necessary to
make clear that the current performance evaluation is
meant for the regional level (irrigation directorate level)
using external performance indicators and focusing on
the irrigation staff activities. However, important con-
clusions can be obtained at this level, but they might
require further research particularly on micro scale. For
example, if the supplied water is abundant (WSI is high),
but the cropped area is small (LUI is low), this could
imply that the infrastructure is not functioning properly
and therefore system losses are high. This inference
could be ascribed to the inefficient staff performance with
respect to maintenance activities and/or system operation.
To confirm such inference, more detailed research must
be conducted on every directorate level, dividing the
directorate into micro systems and linking the staff
performance to the infrastructure status, climate, farming
practice, and any other effective factor. It is to explain
that the current assessment methodology helps to
designate the well and mal-performing directorates on
national level externally (input-output analysis), reveal
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some existing problems, and suggest some diagnosis for
these problems.

The results of applying the assessment framework to
all directorates show that two directorates achieved HP
(Beni Soyef and W. El-Behera) and two directorates
recorded LP (Aswan and W, El-Menya). All other direc-
torates achieved NP. No directorate recorded VHP or
VLP.

Beni Soyef was the top-performance-directorate. The
recorded WSI was 1.06, which indicates that the supplied
water merely fulfilled demand, giving 6 percent as a
compensation for losses. Water quality was within the
average value throughout the main system (WQ/=372
mgL). Farmers successfully implemented two main
cropping seasons. In addition, in 31 percent of the ser-
viceable area, three agricultural seasons were carried out.
With respect to land productivity, the directorate held the
fifth position, but with comparatively high index of 7.55
(the highest was recorded as 8.23 in the Giza Directorate).
The evaluation reflects the high efficiency of the irriga-
tion system components that enabled the staff to make
water available to most of the directorate command in
reliable manner. This managerial and operational effort
would be ascribed principally to the efficiency and relia-
bility of the staff.

W. El-Behera also achieved HP for succeeding to
record the second rank of land productivity allover the
system despite receiving water in short supply (WSI=
0.72). The recorded LUI almost met the targeted (1.96).
This achievement highlights the staff efforts in distribut-
ing the insufficient water among users fairly, which
enabled farmers to attain relatively high LPI (7.81).

Most of the directorates attained NP regardless the
large variation in inputs and outputs. Relating outputs to
inputs is the cause for this phenomenon. For instance,
the lowest LPI was recorded in El-Nassr, E}-Salhaya and
Noubaraya (1.19, 3.34 and 3.51 respectively). However,
in ElFNassr, the recorded LUI was close to the targeted
(1.93), while in El-Sathaya and Noubaraya was relatively
low (1.65 and 1.79 respectively). In these three direc-
torates, the WSI was generally low (0.76, 1.1 and 0.89
respectively). Moreover, Noubaraya received the worst
water quality amongst all directorates. It is to'emphasize
that if the evaluation would only consider the outputs, as
commonly practiced, these directorates would have been

assessed as very low performance-directorates. Never-
theless, the estimated performance as NP is logically
expected in view of the input quality. On the contrary,
although El-Ismaelaya recorded NP, its true performance
looked prominently unsatisfactory. It received high
water supply (WS/=2.78) while achieved normal indices
of both LUTI (1.9) and LPI (5.45).

The directorates, which recorded the lowest perfor-
mance (LP), obtained inputs of high quality, while
unexpectedly recorded low output indices, parti(.:ularly
with respect to land use. Aswan received a water quantity
noticeably more than required (WSI=1.82), but it recorded
LUI equal to 1.17. Similarly, W. El-Menya recorded WS/
of 2.94 (194 percent more than required), while recorded
LUI equal to 1.5. Furthermore, such large water supply
was not used optimally since the achieved productivity in
both directorates was within the average value through-
out the system (LPI was 5.41 in Aswan and 5.39 in W. El-
Menya). This situation highlights the inefficient use of
water that must be largely ascribed to the inefficient staff

performance.

4) Recommendations for improvements

The method of water allocation and distribution must
be sensibly reconsidered to bridge the positive and/or
negative gap between supply and demand. The causes
for water overuse must be investigated, particularly in the
following directorates: W. El-Menya, El-Ismaelaya, El-
Behera, Giza, El-Gharbaya, Aswan, W. El-Dakahlaya, E.
El-Dakahlaya, El-Menoufaya, E. El-Menya, Assyout and
Qena. The system infrastructure has to be examined to
designate any defect and diagnose the causes. If there
would be no defect, the problem could be attributed to
the management and operational efforts of the staff.

Supply must be augmented to the directorates which
suffer from water shortage as the case of W. El-Behera,
El-Nassr, Noubaraya, Damietta, and Beni Soyef. The
areas, which are obliged to apply micro-irrigation, have to.
be rehabilitated to accommodate such technique before
enforcing the law, and to bring canals water levels to
those initially designed.

Generally, there seems to be a high potential for water
saving throughout the whole system even after supplying
enough quantities to the areas with shortage problems.
Such quantities could be diverted to develop new lands,



or alternatively to increase the productivity and cropping
area in old lands. Where to optimize and according to
which criteria is an essential theme for further research
in the light of the findings of the present study.

The last recommendation, but increasingly important,
is that the directorates commands have to be revised to
attain consistent command size with reasonable degree
of proportionality. The largest command is in Noubaraya,
and approximately another three directorates have
similar command size: El-Sharkaya, Kafr El-Sheikh and
E. Dakahlaya. The rest of the directorates have relatively
smaller command, but the smallest commands compared
to Noubaraya can be listed respectively as: Damietta that
has a command of 24 percent of Noubaraya’s command;
Aswan 33 percent; Giza 37 percent; El-Ismaelaya 43
percent; and El-Salhaya 48 percent. Upper and Middle
Egypt directorates often have smaller command com-
pared to the Nile Delta directorates. Furthermore, the
directorates established after the construction of the
AHD mostly irrigate smaller command relative to old
directorates. The redistribution may be exemplified as in
the case of Damietta, which is close to two large size-
directorates; El-Sharkaya and E. El-Dakahlaya, and it is
possible to increase its command, while decreasing
those of other two directorates. The command of El-
Nassr can also be increased at the expense of decreasing
Noubaraya's command. Moreover, the borders of both
irrigation and drainage directorates must coincide with
each other to facilitate coordination and cooperation
among the staffs of both affiliations.

6. Summary

An assessment framework for evaluating the perfor-
mance of regional units of an irrigation system was
introduced. The framework integrates four external
input and output performance indicators, which were
validated technically and practically. The performance
indicators measure the adequacy of supplied water,
salinity of irrigation water, land use efficiency that is
implied in the cropping intensity and land productivity.
Firstly, all indicators are employed to characterize the
general performance of an irrigation system. Then, the
performance of every regional unit is comparatively

categorized.
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The assessment framework was applied to the irrigated
agriculture of Egypt to assess the performance of the 23
irrigation directorates in the Nile Valley and Delta using
data collected during 1992. The results show that none of
the irrigation directorates had serious water quality prob-
lems on macro scale despite the likelihood of opposite
situation on micro scale, especially at minor canals ends.

The directorates located nearby important cities
received sufficient water supply; however, it was relatively
at the expense of the quality. Upper and Middle Egypt
directorates mostly did not suffer from water shortage or
deteriorated quality problems. Water was in short supply
in the newly developed directorates in the Western Delta.

The land use was generally satisfactory and many
directorates managed to implement two main seasons per
year, while few directorates failed to meet this target.

The productivity range was very wide. The directorates,
which managed to attain high land productivity, received
sufficient water supply, except for W. El-Behera in the
Western Nile Delta.

Within the authors’ experience regarding the irrigated
agriculture of Egypt, the introduced assessment frame-
work has proven valid and easily adaptable.

The results showed a noticeable overuse of water and,
therefore, there could be high potential for water saving
as well as increasing agricultural lands and crop pro-
duction. Yet, further study is needed to support this
conclusion and recommend the necessary measures in
view of the optimization objectives drawn by the policy
makers and system planners.

It would be useful to demonstrate the introduced
assessment framework in different situations from
Egypt's irrigated agriculture such as non-arid climate,
more saline irrigation water, and uncontrolled water

supply.
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