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The Government of Egypt is highly committed to enhancing food security and 
developing the country’s agricultural sector through the sustainable management of its 
natural resources and the active improvement of its institutional capacities. The national 
“Poverty reduction and agriculture and rural development strategy” well aligns with this 
objective by calling for the promotion of a more e�cient and market-oriented 
agriculture and optimal use of land and water resources.

The Ministry of Agriculture and Land Reclamation (MALR), in line with the national 
Strategy, implemented the On-farm Irrigation Development in the Old-Lands project 
(OFIDO), an agribusiness development programme funded by the International Fund 
for Agricultural Fund (IFAD), with the aim to improve the livelihoods of rural poor living 
in selected command areas in lower, middle and upper Egypt.

In order to evaluate and de�ne future investment strategies and policies for the 
implementation of successful interventions in agricultural water management, the 
Government of Egypt entrusted the Food and Agriculture Organization of the United 
Nations (FAO) to conduct an independent technical assessment and provide a 
comprehensive overview of the performance of improved irrigation systems in three 
governorates in the project area of intervention.

The technical assessment was carried out in two main complementary phases which 
allowed a thorough evaluation of both the technical and the economic components of 
the OFIDO project. The results of the overall analysis provide recommendations to the 
Government of Egypt to further exploit the bene�ts of its program of modernizing 
on-farm irrigation over a �ve million feddan area and to determine how to improve the 
e�ciency and e�ectiveness of future similar agricultural water management 
investments.
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Technical assessment overview

Motivation and scope
The On-Farm Irrigation Development Project in the Old Lands (OFIDO) is a programme funded 
by the International Fund for Agricultural Development (IFAD) to improve the livelihoods of the 
rural poor in the project area through targeted interventions fostering the enhancement of farms 
production potential and the raise of households’ income. The project was implemented in eight 
Governorates (Figure 1), on a total of 31 916 feddan (13 405 ha): Kafr el-Sheikh and Beheira in Lower 
Egypt (3 000 and 7 000 feddan respectively); Minya, Beni-Sueif and Assiut in Middle Egypt (3 807, 
1 728 and 2 146 feddan); Sohag, Qena and Luxor in Upper Egypt (6 258, 4 977, and 3 000 feddan).

 

Source: United Nations – Geospatial Information Section, 2012

Figure 1: The project command area
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Targeting a population primarily composed of smallholders, holding an average of three feddan, 
the project worked towards four objectives: (1) improve the irrigation network; (2) enhance 
agricultural productivity through an appropriate integrated research and extension system; (3) 
support smallholders and landless to marketing; and (4) support for job creation and income 
generating micro and small enterprises.

The Government of Egypt (GoE) entrusted FAO to conduct an independent technical assessment 
to provide a comprehensive overview of the performance of improved irrigation systems in three 
Governorates in the project area of intervention: Kafr el-Sheikh in Lower Egypt, Assiut in Middle 
Egypt and Sohag in Upper Egypt. The assessment provides recommendations to assist the GoE in 
further exploiting the benefits of its program of modernizing on-farm irrigation over a five million 
feddan area, and in determining how to improve the efficiency and effectiveness of future similar 
AWM investments. This will be critical in the development of future investment strategies and 
policies and will contribute towards more sustainable and successful investments in AWM to be 
promoted by the GoE.

Assessment structure
The overall assessment of OFIDO was conducted in three broad phases:

Planning phase

• Collect and review project documents

• Clarify project results framework

• Formulate assessment plan

Assessment phase

• Consult with stakeholders: policy makers, experts, end users

• Implement assessment plan including surveys and direct observation

• Analyze data and assess performance

Action planning phase

• Present findings to project stakeholders

• Formulate action plan for improved performance

Phase two of the technical assessment was divided into two main complementary stages: 

1. Technical assessment, which includes: (a) Water Productivity analysis of the investigated 
cropping pattern; (b) Pressure test of improved irrigation systems; (c) Flow measurement of 
improved and non-improved irrigation systems; (d) Rapid Appraisal Procedure (RAP) of water 
delivery service; and (e) Modelling of hydraulic performance of the irrigation system.
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2. Farm-level gains-cost analysis, which includes: (a) Land gain due to improvement, and (b) 
Farm-level cost-benefit analysis and investment return analysis.

Sampling
The mesqa- and marwa-related data was collected and organized in a comprehensive dataset, 
thanks to the positive collaboration of the beneficiaries and the NPCU.

As a first step, a sampling strategy was adopted in order to obtain a meaningful sample out of 
the area frame. Based on pre-testing, the selected mesqas are found to reflect the characteristics 
of the overall included area. As a result, 12 mesqas were selected for assessment, nine improved 
(three per Governorate) and three non-improved (one per Governorate). The three non-improved 
mesqas are traditional earth canals supplied by mobile pumps, against which the improvement 
can be measured. The first sampling round involved the mesqas which were constructed prior to 
the tecnhical assessment period. Lately, the NPCU requested to involve four additional mesqas 
in a second sampling round, which had been finalized during the technical assessment. Their 
construction was carried out according to revised technical specifications.

The final dataset includes data on 202 mesqa, of which 111 in Kafr el-Sheikh, 38 in Assiut and 53 
in Sohag. The improved mesqas were tested and selected according to the following management 
and technical criteria or strata:

• Management: (i) 100 percent completion of improvement; and (ii) year of completion.

• Technical: (i) total length of the mesqa (or marwas in Kafr el-Sheikh); (ii) supplied area size, 
dimension and topography of the plots of lands; (iii) number of marwas (or number of 
hydrants in Kafr el-Sheikh); and (iv) water source (groundwater only in Sohag).

 
The total datasets per mesqa were systematically tested against the defined criteria, also, the 
correlating criteria were removed in order to avoid biases (Figure 2). In this case, only one criterion 
of two was considered in the final selection.
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Figure 2: Correlation between number of hydrants and total lengths of marwa in the 
sample of Kafr el-Sheikh
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In every mesqa, summary statistics, sample distribution and density of the criteria were investigated 
to restrict the dataset (Figure 3). Afterwards, all mesqas were scored whether they comply with the 
set of criteria or not. 

Due to its important role in 
supplementing water supply, access to 
groundwater was added to the criteria 
in Sohag. The criterion of groundwater 
greatly restricts the sampling since 
the number of mesqas connected to 
groundwater is relatively small. 

Nine improved and three non-improved 
mesqas were selected from the dataset 
provided in July 2019. The selected 
sample represents the mesqas included 
in the improvement program.

 

Figure 3: Density estimate of the supplied area 
size in Assuit
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Figure 4: Mesqa with groundwater connection in Sohag

Table 1: Characteristics of mesqas sampled in the first-round

Governorate Mesqa Characteristics

Kafr el Sheikh/ 
improved

Marc El Gamal No 8 Total length of marwa = 1499 m, average plot size = 1.36 feddan, 
average length of marwa = 249 m

El Bashier No 14 Total length of marwa = 1579 m, average plot size = 0.89 feddan, 
average length of marwa = 315,9 m

El Mohiet No 5 Total length of marwa = 1289 m, average plot size = 1,7 feddan, 
average length of marwa = 322.2 m

Assuit/ improved El Hammam No 2 Total mesqa length = 627 m, area served = 44 feddan, number of 
butterfly valves= 8

Arab Motier No 8 Total mesqa length = 337.5 m, area served = 55 feddan, number of 
butterfly valves = 6

El Meana No 8 Total mesqa length = 382 m, area served = 50 feddan, number of 
butterfly valves = 5
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Sohag/ improved Al Nahia No 3 Total mesqa length = 545 m, area served = 30 feddan, number of 
butterfly valves = 7, groundwater

Al Farah No 7 total mesqa length = 553 m, area served = 32 feddan, number of 
butterfly valves= 5, groundwater

Al Shagara No 3 total mesqa length = 667 m, area served = 70 feddan, number of 
butterfly valves = 10

Kafr el-Sheikh/ non-
improved

Al-Bayoumy and 
Hendawy, Al Zawia

Total mesqa length = 1023 m, area served = 31.3 feddan, average 
length of marwa = 98.3

Sohag/ non-
improved

El-Houd Al-Westany Total mesqa length = 341 m, area served = 45 feddan, average 
length of marwa = 256

Assuit/ non-
improved

El Meana No 9 Total mesqa length = 650 m, area served = 68 feddan, average 
length of marwa = 137.5

In the second sampling round, four additional mesqas were selected (two in Assiut and two in Sohag) 
in order to assess the results of the revised technical specification and construction.

Table 2: Characteristics of mesqas sampled in second-round

Governorate Mesqa Total mesqa 
length (m)

Area served 
(feddan)

Number of 
marwa

Total length of 
marwa (m)

Groundwater

Assiut El Meana 4L 664.75 582.35 4 582.35

El Hammam 10L 694 1398.25 6 1398.25

Sohag El Kawamal 7/ 811.5 53 6 1319

Al Farah No 8 686 35 5 1365



Chapter 2:  Technical assessment 9

Chapter 2: 
Technical assessment

©
FA

O
/M

aher S
alm

an



On-farm Irrigation Development in the Old Lands (OFIDO) - Technical assessment - Final report 10



Chapter 2:  Technical assessment 11

Water productivity

Introduction and methodology
In this analysis, AquaCrop, FAO-developed crop growth model, was calibrated for the main summer 
(maize, rice, cotton, sorghum and fodder) and winter (wheat, sugarbeet and tomato) crops in the 
target Governorates. Simulations were run with the observed mean monthly climatic data. To 
evaluate the yield gap and current performance of the system, simulations were run not only on 
the actual field management but also for near-optimal conditions in the sampled mesqas. The 
calibrations consisted in fine-tuning the default AquaCrop files with the observed plant density, 
crop cycle length and harvest index (HI), and by considering the observed/measured physical 
characteristics of the soil profile, the current irrigation and field management conditions. After the 
calibrations, the simulated crop yield and the evapotranspiration water productivity (WPET) were 
assessed with the help of various indicative values collected from literature. 

Crop and environment

Climate

The provided climatic parameters of Assiut Governorate were verified and corrected with the 
data extracted from New LocClim. The data consisted of monthly minimum and maximum air 
temperatures, mean relative humidity, mean wind speed, and mean sunshine hours for five and 
half years. With the verified and corrected climatic data, the daily reference evapotranspiration (ETo) 
was calculated with the FAO Penman- Monteith method.

Due to proximity of Assuit and Sohag Governorates, the same set of data of Assiut region could be 
used for both. Since inter annual variation is small, simulations were run for Sohag and Assiut with 
the mean monthly average ETo and air temperatures.

Due to the absence of data on the monthly hours of bright sunshine for Kafr el-Sheikh Governorate, 
and to the small inter-annual variation of the weather data, the mean monthly data provided by 
FAO was used to calculate the reference evapotranspiration (ETo) and to run the simulations. The 
calculated ETo corresponds with the NewLocClim data.

The mean monthly reference evapotranspiration (ETo), and minimum and maximum air temperature 
data for each of the Governorates with which the simulations were run, are presented in Figure 5. 
Since rainfall in the summer period is extremely small or completely absent, and the crops are fully 
irrigated, simulations were run without taking into consideration any rainfall.
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Figure 5: Mean monthly climatic data (mean monthly ETo and mean monthly max and 
min temperature)

 
Crops

General crop files for major crops were created to be used in the simulation. Collected data on the 
planting/sowing density, the length of the growth cycle in calendar days, rooting depth and harvest 
index (HI) was used to fine-tune the default crop files available in AquaCrop database. Furthermore, 
yield was observed in the field, based on the farm-related data of farmers survey (N = 406). The 
missing data for crop development was estimated based on FAO Irrigation and Drainage Paper 
Number 56. Despite the small inter-annual variation of weather parameters, the absence of heat 
stress during pollination and the absence of rainfall, inter-annual fluctuation of crops is observed. 
This is mainly due to the use of different cultivars in different years; change in field management 
and soil fertility; varying quality of seeds; occurrence of pests and diseases in some years; absence 
of crop rotation in some of the fields. 
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Table 3: Collected properties of major crops in the Governorate of Kafr el-Sheikh – 
summer and winter season

Crop Planting date Length of 
crop cycle

HI (%) Rooting 
depth 
(m)

Observed 
yield (ton per 
ha)

Observations

Maize 1 June 112 days 48 1 5.0-6.7 Low yielding variety

Rice 1 May (nursery)

Transplanted 
on 1 June

120 days  
(in field)

50 0.5 9.2 -10.6 Replanted after one 
month with relatively high 
CCo

Cotton 1 May 180 days 35 1 m 4.2-5.3

Observed

yield – improved 
(ton per ha)

Observed

yield – non-improved (ton 
per ha)

Wheat 15 November 168 days 48 1.5 m 5.6 5.7

Sugarbeet 5 September 158 days 70 1.0 m Fresh yield: 46.9

Dry yield: 9.4

Fresh yield: 52.1

Dry yield: 10.4

 
Table 4: Collected properties of major crops in the Governorate of Assiut – summer 
and winter season

Crop Planting 
date

Length of 
crop cycle

HI (%) Rooting 
depth (m)

Observed

yield (ton 
per ha)

Observations

Maize 1 June 112 days Range: 
20-56

HI 
selected: 
30 

1 5.4 Low yielding variety and less 
follow up by farmers due to high 
temperatures (too hot to go to 
fields)

Sorghum 1 June 106 days 45 1 5.2 -

Fodder 
crop 
(green 
maize)

15 March 199 days Fresh 
biomass

1 21.5 per 
cut (fresh 
weight)

Up to 4-5 cuts per season

Dry matter content of biomass is 
25 percent of fresh weight

Cotton 15 March 180 days 35 1 2.8- 3.7 Lower yield is due to seed quality 
and management during the 
season

More harvest losses

Observed

yield – 
improved 
(ton per 
ha)

Observed

yield – non-improved (ton per ha)

Wheat 15 
November

168 days 48 1.5 6.9 7.1
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Table 5: Collected properties of major crops in the Governorate of Sohag – summer 
and winter season

Crop Planting 
date

Length of 
crop cycle

HI (%) Rooting 
depth (m)

Observed yield 
(ton per ha)

Observations

Maize 1 June 112 days 20-56

HI selected: 30

1 3.9 – 9.4 Low yielding variety

Sorghum 1 June 106 days 45 1 3.3 – 8.6 

Observed

yield – improved 
(ton per ha)

Observed

yield – non-
improved (ton per 
ha)

Wheat 15 
November

168 days 48 1.5 6.1 7.2

Tomato 30 
September

123 days 63 1.0 Fresh yield: 42.8

Dry yield: 2.14

Fresh yield: 42.2

Dry yield: 2.14

 
Soils
The soil physical characteristic was determined considering the sand (26 percent) and clay 
(47 percent) percentage as well as bulk density (1.3 mg per m³) using the Saxton’s soil water 
characteristics software. A uniform clay soil was considered in the simulations, and the default 
‘paddy soil’ in AquaCrop was used for the simulations of rice. The deep percolation losses (for which 
there are no observations) are kept to a minimum in the simulations.

Due to the absence of any significant 
rainfall in the region, and the presence 
of salts in the irrigation water, there 
exists a risk on building-up of salts 
in the soil profile. To estimate that 
risk, the long-term effect of applying 
irrigation water with different electrical 
conductivity (EC) and various leaching 
fractions (which are the consequence 
of over-irrigation) are calculated. The 
estimated soil salinity in the soil profile 
is compared with the salinity of soil 
samples taken in the region during the 
winter period. In Figure 6, the relative 
biomass production is simulated at 
various average soil salinity levels 
(ECe) in the root zone for moderately 

Figure 6: Relative biomass production at soil 
salinity levels for crops irrigated with canal or 
drainage/well water
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sensitive crops (maize and tomatoes), moderately tolerant crops (sorghum, wheat and sudangrass) 
and a tolerant crop (sugar beet) in fields irrigated with canal or drainage/well water by assuming 
an over-irrigation of 5 to 20 percent. 

The analysis of relative biomass production at soil salinity levels shows that:

• In the fields irrigated with canal water (Nile), assuming an over-irrigation of 15 to 20 percent 
(where the average salt content (ECe) in the root zone is in the order of 1.5 – 3.0 dS per m), the 
production of moderately sensitive crops (maize and tomato) might be affected by 10 to 20 
percent, the production of moderate tolerant (sorghum, wheat, and sudangrass), and tolerant 
(sugar beet) crops will not be affected at all.

• At the tail end of the irrigation system where farmers irrigate with well or drainage water, 
assuming an over-irrigation of 10 to 15 percent (where the average salt content (ECe) in the 
root zone is in the order of 6 - 8 dS per m), the production of the moderately sensitive crops 
is seriously limited with an estimated drop of 40 to 80 percent, and the production of the 
moderate tolerant and tolerant crops might drop by 5 to 20 percent.

Irrigation management

The irrigation method consists of basin and furrow irrigation. Due to the high soil water content 
at field capacity and the low hydraulic conductivity of the clay soil, it is likely that some aeration 
stress occurs on the day of irrigation for all field crops (except rice). This is also observed by the 
farmers. The observed presence of remaining irrigation water one day after irrigation in the furrows 
between the ridges, confirmed the slow infiltration and the likely presence of aeration stress. In the 
simulations it was considered that the field surface was completely wetted at each irrigation event 
and that the soil water content was put back at field capacity. This is justified since the farmers have 
abundant access to water when they want to irrigate.

Table 6: Irrigation interval/number of irrigations for different crops in the  
Governorates

Governorate Crop Irrigation Interval (days) Number of irrigations

Kafr el-Sheikh Wheat 42 4

Sugarbeet 28 6

Maize 12 9

Rice 6 19

Cotton 12 14

Assuit Wheat 28 5

Maize 16 7

Sorghum 15 7

Fodder crop 15 7

Cotton 12 15
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Sohag Wheat 24 7

Tomato 10-14 9-12

Maize 11 10

Sorghum 13 8

 
Field management

Simulations were conducted to calculate the potential yield under near-optimal field management 
conditions and simulate the observed yield that is actually obtained under the existing field 
management conditions.

Table 7: Available options for field management strategies in AquaCrop and the ob-
served actual field management

Options available in AquaCrop Settings for the actual field management

Soil bunds The presence of soil bunds, with an observed height of 0.25 m, surrounding 
the field to prevent surface runoff

Weed management A good weed management with an observed constant weed infestation of 
10 percent during crop cycle

Soil fertility level

The level is expressed by the 
maximum relative biomass 
(Brel) that can be produced 
with reference to the maximum 
biomass production that can 
be obtained in the region in the 
absence of any stress

This option was used to simulate the combined effect of all observed field 
management limitations. As such the selected level of ‘soil fertility stress’ was 
used as a proxy for:

• the somewhat limited application of fertilizers, and

• the not always optimal:

- quality of seeds

- control of pest and diseases

• crop rotation

The calibration consisted in adjusting the levels of soil fertility until the 
simulated crop yield matched that of the reported yield

 

Findings
Simulations were run for the actual management and for the near-optimal conditions in the 
nine sampled mesqas in the three target Governorates. The output consisted of: 1) the simulated 
biomass and crop yield, and 2) the ET water productivity (WPET) as the performance indicator.
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Figure 7: Overview of the AquaCrop simulation runs including the simulation 
mechanism of input requirement, process, and output indicators

 

Input data related to climate, crops and soil are presented in the previous chapter. With regards to 
irrigation management, the collected data shows that field surface is completely wetted at each 
irrigation event and that the soil water content was put back at field capacity. Field management 
was simulated in two scenarios:

• Actual management conditions: This is the scenario for a well-watered crop in current 
management conditions with soil bunds of 0.25 m surrounding the field, limited soil 
fertility and good weed management (10 percent weed infestation throughout the season). 
Simulation was done by adjusting the soil fertility stress until the simulated yield matched 
the average observed yield, thus obtaining information on the actual ET water productivity 
(WPET) under the current field management conditions.

• Near-optimal management conditions: The simulations in these set of runs provide 
information on the maximum crop yield and ET water productivity (WPET) that can be 
expected in farmers’ fields in the absence of soil water and for the actual cultivar. The scenario 
considers well-watered crop in near-optimal management conditions with soil bunds of 0.25 
m surrounding the field, and a perfect weed management (absence of weed infestation). 
For Kafr el-Sheikh Governorate, it was assumed that 90 percent of the maximum biomass 
production could be achieved under near-optimal field conditions (relative biomass (Brel)1 

1  The Brel value refers to the maximum biomass production that can be obtained in the region.
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of 90 percent). For Assiut and Sohag Governorates, 85 percent relative biomass (Brel) was 
selected under near-optimal field conditions since a persistent follow-up by farmers is 
somewhat restricted due to the high air temperatures in the region.

Simulation results for summer crops

Yield simulation results and their evaluation

Table 8 shows the calibrated simulated yield of summer crops for the current field conditions, as 
well as the percentage of achievable yield simulated in near-optimal conditions. 

Table 8: Simulated crop yield calibrated for actual field conditions and their evalua-
tion for near-optimal conditions

Governorate Crop Simulated yield Evaluation

ton per ha % of achievable1 

Kafr el-Sheikh Cotton 4.2 89 Good to High yield

Rice 8.1 83 High yield

Maize 6.22 92 Low Yield (landrace, low HI)

Assuit Cotton 3.1 66 Moderate to Good yield

Maize 5.4 87 Low Yield (landrace, low HI)

Sorghum 5.2 52 Good yield

Fodder 21.0 3 93 Cannot be assessed

Sohag Maize 5.5 4 88 Low Yield (landrace, low HI)

Sorghum 5.2 54 Good yield

1 The Brel value refers to the maximum biomass production that can be obtained in the region.
2 The percentage achievable refers to yield that can be obtained under near-optimal conditions, which are slightly below the   
   maximum achievable (90 percent for Kafr el-Sheikh and 85 percent for Assiut and Sohag Governorates).
3 Low yielding cultivar.
4 Crop yield expressed as the average of the fresh biomass production at each of the four harvest.

 
The simulation resulted that:

• Rice yield in Kafr el-Sheikh is very high. Yields can be increased by up to 17 percent with 
proper weed and fertility management. Further increase in yield is only possible with newer 
high yielding cultivars.

• For cotton, the yield is good to high in Kafr el-Sheikh Governorate, in which the field 
management is already close to near optimal. Nevertheless, the simulations indicate that 
cotton yields can still increase by 10 percent. As a result of only a moderate field management, 
the yield is only moderate to good in Assiut Governorate. The simulations indicate that cotton 
yields can easily increase by 30 percent.
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• As a result of a moderate field management of maize, the yield is about 45 percent below the 
yield that can be expected in farmers’ field in the region with that high yielding cultivar under 
near-optimal field conditions. Because the crop is a low yielding cultivar (HI = 30%), the yield 
is below the average for Egypt. The simulations indicate that the maize yield is about 8 to 13 
percent below the yield that can be expected in the region with low yielding cultivar under 
near-optimal field conditions.

• Sorghum yields, notwithstanding the moderate to poor field conditions, are assessed 
moderate to good when compared with the yields (most likely rainfed) in the world’s 
largest producing country (USA). However, the simulations indicate that under near-optimal 
conditions, the yield can more than double. 

 
In order to understand the simulated deviation from achievable production level, stresses affecting 
the production are summarized in Table 9. Due to a not well-adjusted irrigation interval during the 
initial growth stage, some water stress affecting the canopy expansion was observed at the start 
of the season. Although the canopy expansion stresses are around 5 to 10 percent, their effect on 
crop yield and WPET is limited since the biomass production is very limited at this early stage. Each 
time water was applied, some aeration stress was simulated for all crops (except for rice). Although 
the stress is small, it affects biomass production and crop yield, since the resulting stomatal stress 
limits the uptake of CO2 during the days of water logging. Since weeds compete with the crop for 
space, water and nutrients, the weed infestation reduces the crop production by about 10 percent. 
The soil fertility stress is a proxy for a combination of the current field management conditions 
which limits crop production, such as limited soil fertility, and a not always optimal quality of seeds, 
optimal control of pest and diseases, or crop rotation. Due to this stress, the canopy expansion rate 
is somewhat restricted, the maximum canopy cover that can be reached at mid-season is reduced, 
and some canopy decline (once the maximum canopy is reached) is simulated. The combination 
of all these effects makes that the crop has a smaller canopy and can capture less CO2 for the 
production of biomass and crop yield.

Table 9: Seasonal averages of the simulated stresses for the current conditions in 
summer season

Governorate Crop Water stress Weed 
infestation 
(%)

Soil fertility stress 
- as a proxy for the 
current limited field 
management (%)

Affecting

Canopy 
expansion (%)

Inducing 
Stomatal 
closure (%)

Kafr el Sheikh Cotton 5 2 10 18

Rice none none 10 10

Maize 7 3 10 13
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Assuit Cotton 9 5 10 41

Maize 22 6 10 23

Sorghum 17 5 10 50

Fodder 9 3 10 18

Sohag Maize 12 5 10 23

Sorghum 18 5 10 50

Water productivity simulation results and their evaluation

Table 10 shows the calibrated simulated ET water productivity (WPET) of summer crops for the 
current field conditions, and its evaluation compared to the reference achievable WPET.

Table 10: Simulated ET water productivity for the actual field conditions and their 
evaluation based on references

Governorate Crop Compared WPET to reference Evaluation

Actual (kg/
m3)

Reference range 
by FAO 33 (kg/
m3)

Reference range by 
Zwart et al. (kg/m3)

Kafr el-Sheikh Cotton 0.54 0.4-0.6 0.41-0.95 Good WPET

Rice 1.18 0.7-1.1 0.6-1.6 Good WPET

Maize 1.22 0.8-1.6 1.1-2.7 Low WPET

Assuit Cotton 0.31 0.4-0.6 0.41-0.95 Low WPET

Maize 0.89 0.8-1.6 1.1-2.7 Low WPET

Sorghum 0.98 0.6-1.0 - Good WPET

Fodder 1.46 - - -

Sohag Maize 0.85 0.8-1.6 1.1-2.7 Low WPET

Sorghum 0.99 0.6-1.0 - Medium WPET

 
The effect of various field management practices and the selection of a high yielding cultivar on the 
ET water productivity (WPET) were investigated by simulation. Increasing WPET specifies how many 
more kilograms of yield can be produced with the same unit of water. The results are summarized 
in Table 11. 
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Table 11: Simulated ET water productivity for various field management conditions in 
summer season

Governorate Crop ET water productivity (WPET) (kg per m3)

Actual field 
management 
conditions

Near-optimal field management conditions•

No mulches With mulches With mulches and 
improved cultivar

Kafr el-Sheikh Cotton 0.54 0.60 0.63 -

Rice 1.18 1.42 - -

Maize 1.22 1.33 1.41 2.26 (with HI of 48%)

Assiut Cotton 0.31 0.44 0.45 -

Maize 0.89 1.02 1.12 1.79 (with HI of 48%)

Sorghum 0.98 1.63 1.70 -

Fodder 1.46 1.64 1.74 -

Sohag Maize 0.85 0.98 1.08 1.67 (with HI of 48%)

Sorghum 0.99 1.56 1.65 -

• Near-optimal field management conditions are slightly below the optimum: 90 percent for the  
  Kafr el-Sheikh and 85 percent for the Assiut and Sohag Governorates

 
The practices simulated consist in: 1) improving the field management conditions to near-optimal, 
2) reducing soil evaporation by mulches of organic plant material, and 3) introducing cultivars 
with a higher harvest index (HI):

1. Improving field management consists in bringing ‘soil fertility’ to near-optimal, which in this 
analysis is a proxy for improved nutrient management, minimizing the effect of pests and 
diseases, using good quality seed, respecting required crop rotations, and preventing any 
weed infestation. The near-optimal field management conditions, which can be achieved 
in farmer’s field, were taken slightly below the optimum (10 percent for the Kafr el-Sheikh, 
15 percent for the Assiut and Sohag Governorates). For crops already cultivated with a near 
optimal field management (maize, cotton and rice in Kafr el-Sheikh, and maize in Assiut and 
Sohag), the simulations indicate that WPET can still increase by 9 to 20 percent. If the recent 
field management is only moderate (cotton in Assiut), the WPET can increase by 42 percent 
through improved field management. Considering poor recent field management (sorghum 
in Assiut and Sohag), the WPET can increase by 58 to 66 percent if the field management 
becomes near optimal.

2. Mulches on top of the soil reduce soil evaporation by about 50 percent, therefore, further 
improvement of WPET with mulches was evaluated. It was simulated that mulching cultivation 
with a near-optimal field management can further increase WPET by about 5 to 10 percent 
(except for rice).
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3. Replacing the low yielding maize cultivar with a more performer cultivar might double the ET 
water productivity (WPET), if cultivated under near-optimal field conditions.

Deficit Irrigation (DI) might strongly increase the ET water productivity (WPET) and save irrigation 
water. However, it is limited by strong restrictions. DI consists of applying less irrigation water than 
required. By limiting the water stress to less drought sensitive crop stages (e.g. vegetative and yield 
ripening stages), the yield decline will be much smaller than the decline in ETc. This means that the 
ET water productivity (WPET) will increase. Introducing deficit irrigation has hard assumptions: 1) 
sufficient land is available for irrigation (the saved water by deficit irrigation can then be applied 
to not yet irrigated land), 2) the building up of soil salinity in the soil profile is under control, and 3) 
farmers can be convinced to apply deficit irrigation, since a maximum ET water productivity (WPET) 
often does not coincide with farmers’ interests.

Simulation results for winter crops

Yield simulation results and their evaluation

Table 12 shows the calibrated simulated yield of winter crop for the current field conditions, as well 
as the percentage of achievable yield simulated in near-optimal conditions. 

Table 12: Simulated winter crop yield calibrated for actual field conditions and their 
evaluation based on near-optimal conditions

Governorate Crop Simulated yield Evaluation

ton per ha % of 
achievable1

Kafr el-Sheikh Wheat 5.8 76 Good yield

Sugarbeet Dry = 9.7 
Fresh = 48.7

87 Good to High yield

Assuit Wheat 7.1 100 High yield (above average for Egypt)

Sohag Wheat 6.7 94 High yield (above average for Egypt)

Tomato Dry = 6.82 

Fresh = 135.2
93 Good to high yield

1 The percentage achievable refers to yield that can be obtained under near-optimal conditions, which are slightly below the  
  maximum achievable (90 percent for the Kafr el-Sheikh and 85 percent for the Assiut and Sohag Governorates). 

 2 The actual yield of tomato is simulated based on the productivity of the other crops in the region, since the reported yield is  
    unrealistically low

 
The simulations indicate that for all crops the production is close to the near-optimal productions 
that can be achieved in farmers’ fields. By eliminating weed infestations, the maximum achievable 
can be almost reached.
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In order to understand the stresses affecting the actual crop production, the factors are summarized 
in the Table 13. Based on the results of simulated stresses, hardly any water stress affects the canopy 
expansion or results in some closure of the stomata due to a well-adjusted irrigation interval. Each 
time water was applied, some aeration stress was simulated for all crops. Although the stress is small, 
it affects biomass production and crop yield, since the resulting stomatal stress limits the uptake 
of CO2 during the days of water logging. The crops are cultivated in the winter period, therefore, 
none or a very slight temperature stress (with a maximum of only three percent) occurred. Since 
weeds compete with the crop for space, water and nutrients, the weed infestation reduces the 
crop production by a maximum of 10 percent. Similar to summer season, the soil fertility stress is a 
proxy for a combination of the current field management conditions which limits crop production, 
such as limited soil fertility, and a not always optimal quality of seeds, optimal control of pest and 
diseases, or crop rotation. Due to this stress, the canopy expansion rate is somewhat restricted, the 
maximum canopy cover that can be reached at mid-season is reduced, and some canopy decline 
(once the maximum canopy is reached), is simulated. The combination of all these effects makes 
that the crop has a smaller canopy and can capture less CO2 for the production of biomass and 
crop yield.

Table 13: Seasonal averages of the simulated stresses for the current conditions in 
winter season

Nr Governorate Crop Water stress

Temp. 
stress

Weed 
infestation

Soil 
fertility 
stress (%)Canopy 

expansion
Stomatal 
closure 

10 Kafr el-Sheikh Wheat 0 1 2 10 27

11 Kafr el-Sheikh Sugarbeet 1 1 3 10 18

12 Assiut Wheat 1 5 1 None 18

13 Sohag Wheat 1 5 1 10 18

14 Sohag Tomato 3 2 0 10 18

 
Water productivity simulation results and their evaluation

Table 14 overleafshows the calibrated simulated ET water productivity (WPET) of winter crops for 
the current field conditions, and its evaluation compared to the reference achievable WPET.
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Table 14: Simulated ET water productivity for actual field conditions and their evalua-
tion based on references

Governorate Crop Compared WPET to reference Evaluation

Actual (kg/
m3)

Reference range 
by FAO 33 (kg/m3)

Reference range by 
Zwart et al. (kg/m3)

Kafr el-Sheikh Wheat 1.84 0.8-1.0 0.6-1.7 High WPET

Sugarbeet 2.8 1 0.9-1.4

0.9-1.72

n.d Unrealistic high

Assuit Wheat 1.24 0.8-1.0 0.6-1.7 Good WPET

Sohag Wheat 1.17 0.8-1.0 0.6-1.7 Good WPET

Tomato 1.78 3 1.5-1.8 - High WPET

1 2.8 kg/m³ is the WPETsucrose, which was obtained by considering a 20 percent moisture content and a 14 percent sucrose on a     
   fresh mass basis.
2 Values for WPETsucrose reported in FAO Irrigation and Drainage Paper No 66.
3 The estimate for tomato is based on the achievable productivity of the other corps in the region, since the reported yield is  
  unrealistically low.

 
The effect of mulches and full weed control were investigated by simulation for the various crops 
in the three Governorates. The increased ET water productivity (WPET) specifies how many more 
kilogram of yield can be produced with the same unit of water.  

Table 15: Simulated ET water productivity (WPET) for various field management con-
ditions in winter season

Governorate Crop ET water productivity (WPET) (kg/m3)

Actual field 
management

conditions

Near-optimal field management conditions (full 
weed control)10

No mulches With mulches

Kafr el-Sheikh Wheat 1.84 2.30 2.41

Kafr el-Sheikh Sugarbeet 3.98 4.56 4.98

Assiut Wheat 1.24 1.24 1.30

Sohag Wheat 1.17 1.24 1.30

Sohag Tomato 1.78 1.91 2.20

 
With close to a near-optimal field management, not only the crop yield but also the ET water 
productivity (WPET) is high. The practices simulated and reported in Table 15, consisted in: 1) 
improving the field management conditions to near-optimal by full weed control, and 2) reducing 
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soil evaporation by mulches. It was simulated that the ET water productivity (WPET) can be 
improved by 5 to 10 percent for wheat in Assiut and Sohag, and by 25 to 30 percent for sugar beet 
and wheat in Kafr el-Sheikh by the combination of fully controlling weed infestation and reducing 
soil evaporation by covering the soil surface with mulches.

Conclusions
Based on the simulation exercise, near-optimal field management conditions can be achieved by 
tuning the fertilizer applications to the biomass production, by the use of an optimal quality of 
seeds, and by the full control of pests, diseases and weeds.

Conclusions stemming from the assessment exercises were drawn for each evaluated crop and 
observed yields resulted to be from good to high:

• Rice (summer): The simulations indicate that the rice grain yield in Kafr el-Sheikh in the 
summer season (about eight ton per ha) is already high. Yields can still increase by about 15 
percent with proper weed management. Any further increase in yield is only possible with 
newer high yielding cultivars when they become available.

• Cotton (summer): The yield for cotton lint is high in the Kafr el-Sheikh Governorate (1.6 ton 
per ha), and moderate to good in Assiut Governorate (1.2 ton per ha). The simulations indicate 
that cotton yield can increase by 10 percent in Kafr el-Sheikh with proper weed management 
and by 30 percent in Assiut with near-optimal field management.

• Maize (summer): In the sampled fields, the maize yield is only 6.2 ton per ha in Kafr el-Sheikh, 
5.4 ton per ha in Assiut, and 5.5 ton per ha in Sohag, which is about 20 to 30 percent below 
the average production in Egypt (7.7 ton per ha). The low reported yield might be due to 
soil salinity and/or the cultivation of a low yielding cultivar (HI= 30 percent). By running 
simulations without soil salinity and a high yielding cultivar (HI = 48 percent), the simulated 
yield comes close to the average production in Egypt, although this is still below the 
AquaCrop reference of 11 to 14 ton per ha that can be achieved under full irrigation and 
high fertility. These reference yields can only be reached by implementing near-optimal field 
conditions and full control of soil salinity, since maize is moderate sensitive to salinity stress.

• Sorghum (summer): Notwithstanding the moderate to poor field conditions for sorghum, 
the yields (around five ton per ha) are high when compared with the yields in the world’s 
largest producing country (USA). However, the simulations indicate that under near-optimal 
conditions, the yield can double and reach 10 ton per ha, which is close to the production of 
12.7 ton per ha observed in the most productive farms of sorghum globally.

• Wheat (winter): In the sampled fields the wheat grain yield is 5.8 ton per ha in Kafr el-Sheikh, 
7.1 ton per ha in Assiut, and 6.7 ton per ha in Sohag. The reported yields in Assiut and Sohag 
are very high and the simulations indicate that the observed yield corresponds with the 
maximum that can be achieved in farmers’ fields. The grain yield in Kafr el-Sheikh is good but 
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still 10 percent below the 6.5 ton per ha that could be reportedly reached after the adoption 
of modern agricultural techniques in Egypt. 

• Sugar beet (winter): The reported yield is about 50 ton per ha for fresh beet. This corresponds 
to a good commercial yield, which varies between 40 and 60 ton per ha. The simulations 
indicate that with near optimal field management, about 60 ton per ha of fresh beet can be 
reached.

• Tomato (winter): A good commercial fresh fruit yield ranges from 60 to 120 ton per ha for 
processing tomatoes and up to more than 150 ton per ha for fresh market cultivars (AquaCrop 
reference yields). The reported low tomato yield might be the result of the poor marketing 
conditions of vegetables in the region and maybe also due to the effect of soil salinity. 
Simulations indicate that when assuming a similar productivity as for the other winter crops 
in the region, a tomato yield of 145 ton per ha can be reached, which is close to optimal 
commercial reference yield. These reference yields can only be reached by implementing 
near-optimal field conditions and full control of soil salinity, since next to maize, also tomato 
is moderate sensitive to salinity stress.

 
Conclusions stemming from the simulations show that ET water productivity (WPET) can increase 
by implementing a near-optimal field management, the application of mulches, and cultivating 
higher yielding cultivars:

• Improvement of field management to near-optimal conditions: Although the average ET water 
productivity (WPET) is already between good and high for most crops, the implementation of 
a near-optimal field management can increase the ET water productivity (WPET) by 5 to 15 
percent. For wheat in Kafr el-Sheikh, where the water productivity is only moderate, it was 
simulated that the ET water productivity (WPET) can increase by 25 percent. For cotton and 
sorghum in Assiut, and sorghum in Sohag, where the water productivity is low, the ET water 
productivity (WPET) can increase by 40 to 60 percent with a near-optimal field management.

• Reduction of soil evaporation by covering the soil surface with mulches (preferably organic 
plant materials): Organic plant mulches on top of the soil surface can reduce soil evaporation 
by about 50 percent. Mulching cultivation with a near-optimal field management can further 
increase the ET water productivity (WPET) by about 5 to 10 percent (except for rice). Organic 
mulches are rather recommended than plastic since they are derived from plant material, 
it can be collected by the farmers and does not necessarily need to be bought. Next to 
a reduction of soil evaporation, the organic mulches are likely to increase the growth of 
beneficial micro-organisms, to improve fertility and the health of the soil, and to reduce weed 
growth. On the other hand, using organic plant material for mulches might be in competition 
with the current use of the organic plant material for other purposes (such as feeding 
of animals). For rice, an alternative cultivation method is the intermittent rice irrigation. 
Although it saves irrigation water, it hardly has any effect on the ET water productivity (WPET).

• Improvement of Harvest Index (HI) of the maize cultivars: Replacing the low yielding maize 
cultivar in Assiut and Sohag with a more performer cultivar might double the ET water 
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productivity (WPET), if cultivated under near-optimal field conditions This means that twice 
as much maize can be cultivated with the same cubic meter of water, if at the same time the 
field management becomes near optimal and mulches cover the soil surface.

 
The possibility to introduce deficit irrigation is limited by hard restrictions: sufficient land is 
available for irrigation, the building-up of salts in the soil profile is under control, and farmers can 
accept some yield reduction per unit of land as a maximum ET water productivity (WPET) often 
not coincides with farmers’ interests, whose aim is a maximum land productivity or economic 
profitability. The current observed over-irrigation by 10 to 30 percent is sufficient to flush 
continuously accumulated salts out of the root zone. Together with the relative low salt content of 
the canal water, salts in the root zone are kept under control. Long-term effect of irrigating with 
canal water and with well or drainage water under the current irrigation and field management 
conditions was calculated and assessed. Applying less water than required, might result in the long 
term in building-up too much salts in the root zone, which will no longer be flushed out by the 
current over-irrigation practices. From this soil salinity-based analysis, it becomes clear that deficit 
irrigation, which might theoretically increase the ET water productivity (WPET), should be further 
investigated in order to recommend it in the region.
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Pressure test

Introduction and methodology
Pressure test is a fundamental procedure in assessing the performance of the irrigation systems. 
Equity, flexibility, as well as the condition – particularly the leakages – of marwa and its efficiency 
directly depend on the condition of the pipeline components, which can only be assessed through 
pressure tests. Field pressure tests are generally employed to evaluate the conditions of pipeline 
systems during project implementation and ensure compliance with the average lifespan (ranging 
from 20 to 50 years).

A number of purposes are indicated for the employment of field pressure tests such as: 1) reveal 
the occurrence of faults in the laying procedure; 2) reveal the occurrence of faults in the assembly 
procedure of components; 3) determine that the pipeline can sustain a pressure greater than 
or equal to its design pressure without leakage and effect of this leakage on the conveyance 
efficiency; 4) assure that all pipeline components are installed correctly; and 5) test the installed 
structural integrity.

Hydrostatic test procedures were introduced to obtain results on system performance, and tests 
were carried out by the following well-established protocol:

• Check and tight all valves and hydrants.

• Connect a small pump needed to fill and pressurize the pipeline and the 0.5 inches valve.

• Release the air from the pipe using the 0.5 inches valve.

• Install the pressure gauge.

• Re-pressurize the pipeline until the test 
pressure, then close the pump valve and 
stop it.

• Start recording the pressure for 30 minutes.

 
The test is accepted if no failure of any thrust 
block, pipe, fitting, joint or any other pipeline 
component occurs; no physical leak in the pipe-
line occurs; and the quantity of make-up water 
required to maintain the test pressure complies 
with the procedure. The approach adopted 
the acceptance criterion recommended by the 

Figure 8: Pressure test of marwa
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NPCU that the maximum allowable pressure reduction should not be higher than 10 percent of the 
tested pressure after a 30 minutes pressure test. 

Findings
Table 16 summarizes the results of pressure test in the systems, where the test could be performed. 
For the rest of the mesqas – excluded from the table, the systems could not be even pressurized. 
Consequently, tests failed.

Table 16: Results of performed pressure test

Assiut Sohag

Time (min) El Hammam 
No 2

Arab Motier 
No 8

El Meana 
No 8

El Hammam 
10L

El Meana 
4L

Al Nahia 
No 3

El Kawamal 
7/

0 1.9 1.95 1.95 1.82 1.98 2.07 2.07

5 1.9 1.90 1.90 1.77 1.91 1.97 2.00

10 1.9 1.90 1.88 1.76 1.88 1.89 2.00

15 1.9 1.90 1.85 1.75 1.86 1.82 2.00

20 1.9 1.89 1.80 1.75 1.83 1.75 1.95

25 1.9 1.87 1.80 1.75 1.80 1.69 1.93

30 1.9 1.86 1.78 1.74 1.78 1.62 1.91

Pressure 
reduction (%)

0 4.6 8.7 4.4 10.1 21.7 7.7

 
The pressure test results in Assiut Governorate, except El-Meana 4L, proved that the mesqa and 
marwa pipe systems components, i.e. pipes, valves, hydrants, bends, tees, tapping bands and any 
other mechanical fittings, have been installed correctly. Results also indicated that the conveyance 
system is performing at the highest efficiency range (91-99 percent), even under a pressure higher 
than the operating one.

On the other side, the pressure test results showed insufficient performance in Kafr el-Sheikh 
and in Sohag (except El Kawamal 7/), where mesqas either failed the pressure test or could not 
be pressurized at all. This is due to the inappropriate installation or bad conditions of the system. 
Furthermore, the raw materials of the rubber seals are heterogeneous and are often of poor quality. 
In addition, special attention should be paid on the poor conditions of hydrants in Kafr el-Sheikh.
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Conclusions
The test procedure used by the NPCU is acceptable, and it could be performed even with its high 
permissible pressure reduction (10 percent of the test pressure within 30 minutes) due to the 
difficult working environment and the limited time allowed by the farmers to execute the work. 
Nonetheless, it is advisable to rigidly follow the standard procedure when testing marwa and 
mesqa operation.

Mesqas in Sohag and Kafr el-Sheikh failed the pressure test (except one mesqa), therefore:

• Highly performing types of rubber seals manufactured in certified factories by the Egyptian 
Authority for Specifications and Quality are recommended. It is also advisable to employ 
silicone seals, as they are more homogeneous and have excellent weather resistance.

• New specifications, to discourage any welded accessories and state the necessity of using a 
sand layer around the pipe when refilling the pipe trench, are highly recommended. These 
new technical specifications can minimize the leakage and guarantee the conveyance 
efficiency; counteract causes of pipe breaks; minimize the maintenance cost to be paid by 
farmers after the completion of the guarantee period, resulting in an increase of farmers’ 
profits.

• Pressure test should be considered as part of the final handover procedure, as bad quality of 
the pipe material, welded manufactured fittings and/or low implementation quality affect 
the pipe system performance and lead to leakage occurrence and, consequently, to the 
decrease of conveyance efficiency.

• Complete replacement is recommended, as poor conditions of hydrants in Kafr el-Sheikh 
resulted in the decrease of the conveyance efficiency; the increase of maintenance costs; and 
the decrease of farmers’ profit. Based on farmers’ submitted request.
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Flow measurements

Introduction and methodology
There is no effective irrigation management without flow measurement. Flow measurement 
contributes to the overall goals of adjusting irrigation water supply to crop water requirement, thus, 
decreasing the water loss; creating equity amongst users; obtaining dataset to build-up discharge 
history, thus, analysing the changes in flow regime, and identifying the causes of wasteful water 
use. Flow measurement distinguishes between different irrigation systems and employs different 
hydraulic parameters. In the technical assessment, pressure and flowrate parameters were 
evaluated for the flow measurement of pipe irrigation systems, while depth and flowrate were 
calculated for earth non-improved canals.

Flow measurements were carried out in all selected improved and non-improved mesqas. The flow 
measurement procedure was designed to provide the required dataset to test the system capability 
to supply the required discharges; prepare the dataset needed for water supply calculations and for 
calibration of the hydraulic model; and evaluate the efficiency of the non-improved earth marwas.

Pipe flow measurement

Flow rate measurements are required to assess the flexibility of water service and indicate whether 
the design of the pipe marwa can improve equity. Pump performance can also be evaluated 
to understand its capability to supply the 
required discharges in the specific butterfly 
valves and hydrants, even with a pressure 
lower than design.

The measurement of the flow rate of the 
marwa pipes was performed by installing a 
Turbo Drive Water Flow Meter, which gave a 
direct reading of the water flow volume, with 
an accuracy of ±2 percent. The measurement 
exercise enables the preparation of the 
dataset needed for water supply calculations, 
as well for the calibration of the hydraulic  
 

Figure 9: Flow measurement in marwas 
with Turbo Drive Water Flow Meter
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Earth marwa measurement

Flow rate measurement of non-improved earth 
marwa allows the estimation of their efficiency, 
which mainly depends on the length of the 
canals, the soil type or permeability of the canal 
banks and the condition of the canals, as well 
as on the climatic conditions. Moreover, it is 
required for the preparation of the dataset 
needed to appraise the conveyance efficiency 
in improved irrigation systems and compare it 
with non-irrigation systems.

The measurement of the flow rate of the non-
improved earth marwa was performed using 
the velocity-area method, which measures the 
mean velocity, while the flow rate is computed 
from the equation of mean velocity and 
section area. The velocity measurements were 
performed with calibrated Propeller Current 
Meter, in a steady flow regime within the canal.

The measurement exercise was performed in the 
cross section of the upstream part to determine 
the areas where grass was preventing water 
movement. The velocity distribution was then 
established in order to calculate the discharge 
through the velocity-area method. The 
measurement was repeated for the downstream 
cross section. As a result, the required volume of 
water to fill the canal reach at the beginning of 
each irrigation turn was calculated as well as the 

evaporation rate of loss through the top surface of the canal reach. The total loss over the marwa 
reach and the efficiency were finally determined.

Findings

Pipe flow measurement

Table 17, 18, and 19 summarize the results of pipe flow measurement in Assiut, Sohag and Kafr 
el-Sheikh Governorates.

Figure 10: Turbo drive water flow meter

Figure 11: Non-improved earth marwa 
and measurement procedures of flow 
rate
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Table 17: Results of pipe flow measurement in Assiut Governorate

Assiut Governorate

El Hammam No 2 Arab Motier No 8 El Meana No 8

Pumps Electric pump discharge 
40 l/s, Head 15 m (on 
during test)

Electric pump discharge 
30 l/s, Head 13 m (off 
during test)

Electric pump discharge 40 l/s, 
Head 15 m (on during test)

Electric pump discharge 40 l/s, 
Head 15 m (off during test)

Electric pump discharge 40 
l/s, Head 13 m (on during 
test)

Electric pump discharge 30 
l/s, Head 13 m (off during 
test)

Total pump head 11.0 + 2.20 + 0.05 = 
13.25 m

5.2 m• 9.8 + 2.15 + 0.05 = 12.0 m

Flowmeter 1 

Location Marwa 1 – Hydrant 1 Marwa 3 – Hydrant 1 Marwa 2 – Hydrant 1

Time and Volume 660 s, 21.0 m³ 816 s, 16.4 m³ 812 s, 25.1 m³

Flowrate 21000/660 = 31.8 l/s 16400/816 = 20.1 l/s 25100/812 = 30.9 l/s

Flowmeter 2

Location Marwa 3 – Hydrant 12 Marwa 1 – Hydrant 19 Marwa 4 – Hydrant 21

Time and Volume 473 s, 9.0 m³ 723 s, 11.7 m³ 805 s, 16.6 m³

Flowrate 9000/473 = 19.0 l/s 11700/723 = 16.2 l/s 16600/805 = 20.6 l/s

• Expressing the discharge of side pump. Due to the lack of water in Arab Motier Canal, a 40 l/s pump was connected to the system  
  from inside the pump station, to a shallow groundwater well. Moreover, this did not allow the measurement of the suction side  
  head.

 
Table 18: Results of pipe flow measurement in Sohag Governorate

Sohag Governorate

Al Nahia No 3 Al Farah No 7 Al Shaghara No 3

Pumps Electric pump discharge 30 
l/s, Head 13 m (on during 
test)1

Electric pump discharge 30 
l/s, Head 13 m (off during 
test)

Electric pump discharge 40 l/s, 
Head 15 m (off during test)

Electric pump discharge 40 l/s, 
Head 13 m (off during test)

Electric pump discharge 40 l/s, 
Head 13 m (on during test)2

Electric pump discharge 40 l/s, 
Head 13 m (on during test)

Electric pump discharge 60 l/s, 
Head 13 m (off during test)

Total pump 
head

4.1 m3 5.3 m 4 2.9 + 2.0 + 0.15 = 5.05 m

Flowmeter 1 

Location Marwa 2 – Hydrant 8 Marwa 1 – Hydrant 1 Marwa 1 – Hydrant 1
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Time and 
Volume

1160 s, 19.2 m³ 1200 s, 25.4 m³ 1197 s, 45.0 m³

Flowrate 19200/1160 = 16.1 l/s 25400/1200 = 21.2 l/s 45000/1197 = 37.6 l/s

Flowmeter 2

Location Marwa 6 – Hydrant 3 Marwa 6 – Hydrant 38 Marwa 11 – Hydrant 1

Time and 
Volume

1043 s, 14.47 m³ 1270 s, 15.0 m³ 1270 s, 21.8 m³

Flowrate 14470/1043 = 13.87 l/s 15000/1270 = 11.8 l/s 21800/1270 = 17.2 l/s

1 Connected to the shallow groundwater well.
2 Connected to a shallow groundwater well.
3 Expressing the discharge of side pump.
4 Expressing the discharge of side pump.

 
Table 19: Results of pipe flow measurement in Kafr el-Sheikh Governorate

Kafr el-Sheikh

El Mohiet No 5 Marc El Gamal No 8 El Bashier No 14

Pumps 2 Electric pump discharge 
30 l/s, Head 10.5 m1

Electric pump discharge 20 l/s, 
Head 10.5 m (off during test)

Electric pump discharge 30 l/s, 
Head 10.5 m (off during test)

Diesel pump discharge 30 l/s, 
Head 10 m (on during test)

3 Electric pump discharge 30 
l/s, Head 10.5 m 

Diesel pump discharge 30 l/s, 
Head 10 m (on during test)

Total pump head 0.7 m2

Flowmeter 1 

Location Marwa 1 – Hydrant 3 Marwa 1 – Butterfly Valve Marwa 6 – Hydrant 3

Time and Volume 362 s, 10.0 m³ 764 s, 21.0 m³ 626 s, 17.0 m³

Flowrate 10000/362 = 27.6 l/s 21000/764 = 27.5 l/s 17000/626 = 27.16 l/s

Flowmeter 2

Location Marwa 1 – Hydrant 12 Marwa 3 – Butterfly Valve Marwa 6 – Hydrant 11

Time and Volume 0 620 s, 14.3 m³ 957 s, 20.0 m³ 0 605 s, 13.7 m³

Flowrate 0 14300/620 = 23.1 l/s3 20000/956 = 20.9 l/s 0 13700/605 = 22.65 l/s 4

1  One of them was on operation during test but supplied through diesel generator.
2  Expressing the discharge of side pump.
3  It only occurred if hydrant no. 3 is closed and only hydrant no. 12 was in operation.
4   This second option only occurred if hydrant No 3. Is closed and only hydrant No. 11 was in operation.
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Generally, pumps work according to their performance curves, and can supply their rated discharges 
when they are fed from branch canals. Nevertheless, the pump performance and its capacity might 
be affected when connected to shallow groundwater well (Al Farah No 7). The reason is that this 
type of pumps is not designed for such high suction head loss.

In Assiut, even with 2.0 m increase in static head over the hydrant level, the hydrant near the pump 
station still can discharge more than its design capacity (20 l/s) indicating that butterfly valves and 
hydrants can supply the required discharge when the pressure is below the design pressure. When 
the static head increases and the total head reaches 13.25 m (El-Hammam No 2), the discharge 
reaches 50.8 l/s at 72 percent pump efficiency. According to the pump curve, when total head is 
10.25 m, the discharge is 55.6 l/s at 60 percent efficiency during standard operation of the same two 
hydrants. However, the increase in discharge elevates power consumption by 10.5 percent. Pumps 
work mostly at low monomeric pressure and consequently perform at low efficiency. 

In Sohag, the results of the flow measurement in Al Farah No 7 showed that when the marwa length 
(marwa no. 6 length = 450 m) increases, it reduces the total discharge and enhances the difference 
in the discharges between upstream and downstream hydrants. The total measured flowrate in Al 
Shagara No 3 is 54.8 l/s at total head 5.05 m. According to the pump curve, the pump efficiency 
at this head is 50 percent, and the discharge should be 56.9 l/s. This condition indicates significant 
leakage that is also confirmed by the pressure test results at mesqa level.

In Kafr el-Sheikh, when the two open hydrants were located at the same marwa in El Mohiet No 
5, the discharge of the second hydrant was zero. Leakage was observed in all hydrants. Length, 
diameter and leakage significantly affect the marwa capacity. Also, the discharge of the second 
hydrant was zero and the marwa experienced serious leakage when two open hydrants located 
at the same marwa were examined in El Bashier No 14. In Marc El Gamal No 8, results show 
flow difference of 24 percent. The consistent values of head loss and flow difference indicate a 
considerable pipe roughness (possibly due to internal erosion, clogging) and poor condition of the 
pipe fittings.

Earth marwa measurement

Table 20 summarizes flow measurement results in sampled non-improved mesqas.

Table 20: Results of flow measurement results in sampled non-improved mesqas

Mesqa El Meana No 9

Assiut

El-Houd Al-Westany

Sohag

Al-Bayoumy and 
Hendawy, Al Zawia, 
Kafr el-Sheikh

Average cross section area 
over the reach

0.363 m² 0.92 m² 0.5 m²

Volume of water to fill the 
reach

0.363 × 60 = 21.78 m³ 0.92 × 146.3 = 134.596 m³ 0.5 × 180 = 90 m³
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Flow rate of filling 21.78 × 1000 / 5 × 24 × 3600 
= 0.05 l/s

134.596 × 1000 / 5 × 24 × 
3600 = 0.312 l/s

90 × 1000 / 4 × 24 × 
3600 = 0.26 l/s

Flow rate loss by 
evaporation

0.0066 × 1.4 × 60 × 1000 /24 
× 3600 = 0.007 l/s

0.0066 × 2.05 × 146.3 × 1000 
/24 × 3600 = 0.023 l/s

0.0065 × 1.5 × 180 
× 1000 /24 × 3600 = 
0.02 l/s

Total loss within the reach (74.88 – 66.275) + 0.05 + 
0.007 = 8.662 l/s

(103.11 – 79.99) + 0.312 + 
0.023 = 23.455 l/s

(63.11 – 49.68) + 
0.26 + 0.02 = 13.71 
l/s

Loss percentage 11.57 % 22.75 % 21.72 %

Length of the section 60 m 146.3 m 180 m

Cross-section 1 discharge 74.88 l/s 103.11 l/s 63.11 l/s

Cross-section 2 discharge 66.275 l/s 79.99 l/s 49.68 l/s

Conveyance efficiency 88.43 % 77.25 % 78.28 %

 
Measurements could only be conducted to marwa reaches, where flow is laminar, neither offtakes 
nor visible leakage is present. The conveyance efficiency ranges between 77.5 and 88.43 percent. 
The average water loss varies between 11.57 and 22.75 percent depending on the length of the 
canal. Considering higher length of the earth canals, the water loss might become considerable, 
thus, causing severe inequity between upstream and downstream farmers. Furthermore, the 
inflexibility of canal conveyance significantly increases the water travel time. 

Growing and spreading of weeds and aquatic plants represent one of the main problems of earth 
marwa. It may block up to 50 percent of the marwa cross section, as clear in the case of El-Houd 
Al-Westany No. 23, Sohag. The increase in weed intensity will reduce the flow velocity and widen 
the marwa cross section. Consequently, water loss is higher. Furthermore, growing weed also uses 
the irrigation water. 

The effect of the widened cross section is well-demonstrated when comparing 22.75 percent 
loss in El-Houd Al-Westany, Sohag (146.3 m length) and 21.72 per cent loss from Al-Bayoumy and 
Hendawy, Al Zawia, Kafr El-Sheikh (180 m length). Furthermore, uneven profile and excessive 
number of bends also lead to higher water loss.

Conclusions
Neither the non-improved nor the improved mesqas are equipped with flow measurement devices, 
therefore, there were no discharge historical records available in the time of assessment. The 
assessment introduced flow measurement methodologies in order to fill this gap and to acquire 
dataset for further analysis. 

In improved mesqas, pumps have generally sufficient capacity to supply the required water 
discharge, when they are fed from branch canals. Despite they operate according to their 
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performance curves, the pump efficiency is low. Also, the pump performance and its capacity 
might be affected when connected to shallow groundwater well. Pump selection studies based 
on accurate field data while using hydraulic models in the selection process is recommended. 
Furthermore, it is advisable to compile a list of branch canals suffering from low water level 
and affecting the pumps performance, to be submitted to the Ministry of Water Resources and 
Irrigation for a follow up in the canals’ rehabilitation. For further performance improvement, it is 
essential to construct a trash screen at the pump station entrance from the branch canal.

Capacity of the butterfly valves and hydrants is either sufficient to pass the discharge, even at lower 
than the design pressure. However, the performance of the pipe system is heterogeneous, and 
the delivered discharge is not equal within the system. The inequity between two simultaneously 
operating hydrants is significant. This is mainly due to the poor pipe quality and manufactured 
fittings in Sohag, and due to the hydrant failure in Kafr el-Sheikh where the complete replacement 
of hydrants is recommended. With higher lengths of marwas, the probability of decreasing 
performance increases, therefore, long marwas – beyond 500 m – should be designed accurately. 
Finally, provision of detailed O&M field manual is recommended within capacity building 
programme to improve users’ understanding.

In non-improved mesqas, the high rate of water loss measured in relatively short reaches of 
traditional earth marwas proves the high benefits and importance of irrigation improvement. 
The conveyance efficiency ranges between 77.5 and 88.43 percent. The average water loss varies 
between 11.57 and 22.75 percent depending on the length of the canal. Considering higher 
length of the earth canals, the water loss might become considerable thus causing severe inequity 
between upstream and downstream farmers. Furthermore, the inflexibility of canal conveyance 
significantly increases the water travel time. Such water loss might completely crowd out the 
downstream farmers from sufficient water services. Maintenance issues further decrease the canal 
performance. Farmers’ awareness on the disadvantages of the weed spreading should be increased, 
regular cutting should be performed rather than removal to keep up the soil stabilizing functions 
of roots and minimize water loss at the same time.
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Rapid Appraisal Procedure 
(RAP)

Introduction and methodology
In order to collect sufficiently rigorous indicators for system-level assessment, it is proposed to 
adopt the Rapid Appraisal Process (RAP), the first step of FAO-developed Mapping System and 
Services for Canal Operation Techniques (MASSCOTE) approach. The analysis evolves through 
the following key steps: i) assessment of current performance and evaluation of key indicators, ii) 
analysis of O&M procedures, iii) identification of the bottlenecks and constraints in the system, and 
iv) identification of options for improvements in performance. The irrigation schemes are analyzed 
through multi-layer management, from pumping station to hydrants, whereby each layer provides 
water service to the lower level, from the overall water supply in the scheme to farm-level deliveries. 
Water delivery is assessed through various components related to the accuracy of control and 
measurement, the hardware design and the management. This sequential approach of RAP enables 
its application at different scales of irrigation schemes – involving a wide range of stakeholders 
from managers to final users.

The RAP approach was originally designed to appraise canal operation, thus, the variables and 
indicators of water delivery levels require adjustment and were converted to enable the appraisal 
of pressurized system assessment (Figure 12). The following delivery levels were defined: pumping 
station, mesqa distribution pipeline and marwa distribution pipeline with final deliveries (hydrants) 
and each level was individually appraised to identify shortcomings. The water service provided by 
the system-in-whole was assessed accordingly. In each Governorate, one non-improved mesqa 
provided the baseline assessment of irrigation systems, against which the three improved sampled 
mesqas were compared.

The RAP exercise establishes the baseline to evaluate the water delivery service through the 
following dimensions: quantity, flexibility, reliability and equity. All necessary data is collected and 
analyzed in the following structure:

• Water balance between water demand and supply, and between groundwater and surface 
water: incorporating climatic, agronomic and hydrological data à overall balance between 
supplied/delivered water and crop water requirement.

• Organizations and institutions of water management: incorporating the organizational 
structures at each management level and comparing the performance of the organizations à 
assessment of financial and human resources, and legal basis of operation.
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Figure 12: RAP conceptual framework (adapted from Facon, 2006)
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• Water delivery service: incorporating the data on conveyance, hydraulic structures and their 
operation and maintenance at each canal level à assessment of hydraulic structures (general 
conditions, operation rules and maintenance level), water delivery service. 

Water balance

Water balance is calculated for each sampled mesqa – including improved and non-improved 
– in order to draw general lessons about the water distribution at system and farm levels. The 
calculation requires the actual size of irrigated lands, cropping pattern, crop water requirement of 
each crop and supplied water amount at farm level.

Cropping pattern

The cropping pattern was surveyed in the summer and winter seasons in each sampled mesqa. The 
cropping practices are identical in the mesqas in terms of crop selection, seeding dates, harvesting 
dates and agronomic measures. Farmers produce in multi-cropping and double-cropping systems 
at small scale. The crop selection is in line with the traditional cropping pattern of the region. The 
cumulative area size of crops confirms the dominancy of staple crops such as rice, maize, sorghum 
and wheat. Agricultural practices of vegetables are diverse over the regions, most of them are 
cultivated during the year in open-field conditions, except during the hot days in summertime. 
Nevertheless, the cropping pattern differs between Upper- and Lower-Egypt. Farms are more 
diversified in Lower-Egypt, where rice and maize dominate in the summer season, and wheat and 
sugarbeet in the winter season. The rate of forage production is somewhat lower than in Upper-
Egypt, but farmers are more likely to produce cash-crops such as cotton and watermelon seeds in 
summer, beans and vegetables in winter season. 

Crop water requirement

The crop water requirement of each crop is calculated with FAO AquaCrop model. Crop water 
requirement (ETc) can be determined by the crop coefficient approach as stated in FAO Irrigation 
and Drainage Paper 56 (FAO 56). In the crop coefficient approach, the effect of the various weather 
conditions is incorporated into reference evapotranspiration (ETo) and the crop characteristics into 
the Kc coefficient and is given by equation below:

     ETc  = Kc  * ETo

The effect of both crop transpiration and soil evaporation are integrated into a single crop 
coefficient. The Kc coefficient incorporates crop characteristics and averaged effects of evaporation 
from the soil.

For normal irrigation planning and management purposes, for the development of basic irrigation 
schedules, and for most hydrologic water balance studies, average crop coefficients are relevant 
and more convenient.
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The calculation of the crop evapotranspiration, ETc, is done as follows:

Identify the crop growth stages; determine the stage lengths, and select the corresponding Kc 
coefficients;

Adjust the selected Kc coefficients for frequency of wetting or climatic conditions during the 
stage;

Construct the crop coefficient curve (allowing one to determine Kc values for any period during 
the growing period); and

Calculate ETc as the product of ETo and Kc.

Finally, the ETc is summed up to determine the crop water requirement during the season. Due to 
the similar climatic and production conditions within the Governorates, the crop water requirement 
of mesqas is defined per Governorate.

Water supply

The water supply calculation is based on the flow measurement and farmers’ survey. The water 
supply measurement is carried out at mesqa level under different combination of hydrant 
operation to obtain the discharge at field entrance in improved mesqas. The flow measurement 
in non-improved mesqas was conducted at different sections in order to estimate conveyance 
efficiency. The spatial boundary of water supply calculation is from pump station to drains. There 
is no surface or subsurface inflow into the mesqa, therefore, only the pumped water is considered 
as water supply. Despite the sufficient surface water, farmers still apply groundwater on private 
basis in Upper-Egypt due to distributional issues, energy failures, or peak demand. However, many 
farmers reported water withdrawal from less than 10 meter. The availability of this subsurface 
drainage water might indicate permanently high-water table and lack of deep percolation. 

Farmers at mesqa level were interviewed to draw mesqa-specific practices. Irrigation practices 
differ amongst mesqas and Governorates, while farmers in the same mesqa apply almost the same 
number and duration of irrigation. Comparing improved to non-improved mesqas, the irrigation 
periods are shorter and less frequent. Farmers irrigate with more reliable discharge and the flow 
control is easier with the hydrants. Furthermore, the water travel time is significantly shorter, so 
farmers downstream do not need to wait for arrival and face suspension. 

Water balance

Water balance approach is developed into a methodology for effective accounting in order to 
define the “reasonable and beneficial” use of water by comparing the water supply to water 
demand at field level. The methodology evolves from field level and is scaled up to system level.
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Where Crop ET is the evapotranspiration-based crop water requirement; Effective precipitation 
is the ratio of rain entering to the root zone and taken by the plant; Leaching requirement is the 
amount of water used to remove accumulated salts in soil to maintain salt balance in the root zone; 
Total water delivered to users is the amount of available water to apply on field.

The Crop ET is summed up according to the actual cropping pattern of the mesqa in order to obtain 
field ET. Leaching requirement incorporates the water requirement for salt control and special 
irrigation requirements. Effective precipitation is not considered in the current calculation due to 
the low or absent rainfall.

Building up of salts in the soil profile was investigated with soil and water sampling. The calculation 
of leaching requirement was carried out by salinity measurement in groundwater and soil profile.

Special requirement includes any additional water need to meet the crop water requirement. Such 
irrigation requirement can be the soil wetting before effective planting, deep percolation limited to 
the ratio of beneficial water amount. Percolated water, which is above the crop water requirement, 
is considered as excess water, therefore, it does not form a part of water requirement.

Figure 13: Estimated soil water balance in sorghum yield (produced with SURDEV 
software, University of Wageningen)

Crop ET-Effective precipitation+Leaching requirement 
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Based on the soil salinity tests, the necessary amount of water for salt control ranges between 
15 and 20 percent of surplus supply. The water requirement for salt control and special irrigation 
requirement are incorporated in leaching requirement, which is estimated at 20 percent. 

Organization and institutions

• The national irrigation-related institutional and organizational framework reflects the 
importance of the sector for the country and it has, thus, undergone a number of significant 
changes over the years as well as significant developments in more recent times. In terms 
of national authorities, the Department of Public Works, established in 1836, was the 
original institution in charge of the irrigation domain. Its name changed several times, 
from Ministry of Public Works (1914), Ministry of Irrigation (1964), Ministry of Irrigation and 
Land Reclamation (1977), Ministry of Irrigation (1978), Ministry of Public Works and Water 
Resources (1987). Finally, since 1999, the Ministry of Water Resources and Irrigation (MWRI) 
is the primary authority responsible at national level for the development, allocation and 
distribution of all water resources, both conventional and non-conventional, in collaboration 
with other national Ministries (Ministry of Agriculture and Land Reclamation, Ministry of 
Water and Wastewater Utilities, Ministry of State for Environmental Affairs, the Egyptian 
Environmental Affairs Agency, the National Water Council). In line with the Government policy 
to promote integrated irrigation and drainage water management, the inclusion of a larger 
range of stakeholders into planning and decision-making became a relevant component of 
agricultural policies over the years.

Irrigation governance: mapping exercise

• The MWRI is the national authority mandated to plan, construct, operate, manage and 
maintain the irrigation and drainage network at country level. It oversees two departments:

• Irrigation: provides technical guidance and monitoring of irrigation development, including 
dams. It comprises six sections: irrigation, horizontal expansion and projects, grand barrages, 
groundwater, Nile protection, and irrigation improvement.

• Mechanical and electrical: in charge of the construction and maintenance of pumping 
stations for irrigation and drainage.
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Table 21: Ministries’ main activities in water resource management (Synthesis)
Ministry Main tasks and responsibilities

Ministry of Water 
Resources and 
Irrigation (MWRI)

• Drawing, planning and implementing water resources development projects from the 
Nile, tributaries and various surface and groundwater resources and wastewater.

• Developing irrigation to achieve optimal use and raise efficiency of field irrigation.

• Enhancing water management through increased water user participation.

• Strengthening water transport and distribution.

• Implementing irrigation and drainage projects, maintenance of waterways and their 
institutions, carry out of civil and mechanical works for irrigation, drainage and 
horizontal expansion projects.

• Establishing, operating and maintaining irrigation and drainage pumps stations.

• Promoting and updating water policy frameworks on its use, prevention of pollution, 
maintenance of waterways, irrigation and drainage facilities.

• Increasing water supply (rainfall, flash flood harvesting, and desalination).

• Improving water quality through Monitoring and Evaluation 

• Increase public awareness.

Ministry of 
Agriculture and Land 
Reclamation (MALR)

• Formulating the national agricultural policy, land reclamation and horizontal expansion 
through planning programs for inventorying lands suitable for reclamation (according 
to water sources determined by MWRI).

• Estimating water demand for agriculture.

• Improving food security and increasing national agriculture production.

Below the national level, each Governorate has a Central Department (CD), with an undersecretary 
overseeing the offices of all sections. A General Directorate (GD) for Irrigation is established 
under the CD, which is in charge for operation and maintenance of irrigation facilities and water 
distribution from main to branch canals. Inspectorates and Irrigation Districts, finally, are under the 
direct responsibility of the GDs. 

• According to the different level of irrigation schemes, nowadays farmers are grouped into 
three categories: (1) water user association, at mesqa level; (2) branch canal water users 
association (BCWUA), at branch canal level; (3) District Water Board, at main canal level. While 
the status and capacities of the former one are legally recognized, a financial dimension for 
decentralization to BCWUAs has not yet been formalized. However, the District Water Boards 
are formally mandated by the Ministerial Decree n.33/2001 (not converted into law), but do 
not yet substantially carry out activities.

Regulatory, legal, and policy mapping

Regulations over water resources, to standardize their management, monitor their use and control 
their quality, were long introduced in Egypt. Currently, the broad set of rules in place deal with a 
broad spectrum of irrigation, mostly relevant issues such as: water distribution, flood protection 
and regulation, prevention of pollution and protection of resources from waste, protection of river 
embankments canals and drains, and management of agricultural drainage works.
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Table 22: Irrigation-related regulations (Synthesis)   

Law Implementing 
Ministry

Scope

Law n.12/1984: 
“Concerning the Issue 
of the Law on Irrigation 
and Drainage”

MWRI • Defines public properties related to irrigation and drainage.

• Defines use and maintenance of private canals and field drains and 
arrangements for recovery costs of drainage works.

• Indicates rules for water allocation.

• Regulates construction of water intakes from the Nile and public 
canals; calls for consultations with landowners.

• Regulates groundwater and drainage water use.

• Rules the development of new lands and the price for irrigation 
and drainage of land.

• Sets measure for protection against flooding, navigation and 
coastal protection.

• Indicates penalties for violations, provisions to settle disputes and 
funds.

Law n.213/1994: 
“Farmers’ participation”

MWRI • Establishes WUAs at mesqa level on new lands. Updated in 1995 to 
establish WUU in old lands.

• Provides a fund to develop and maintain improved mesqas and 
promote water protection.

Ministerial Decree n. 
33/2001

MWRI • Definition of Water Boards mandate

Enabling environment of Irrigation Management Transfer (IMT)

In Egypt, Participatory Irrigation Management (PIM) principles were initially introduced through 
the Egypt Water Use and Management Project - EWUM (1974-1984), as a complementary system 
focused on the following elements:

• Formalizing water user involvement in mesqa improvement, O&M, and water management 
practices.

• Supporting WUAs with a cadre of extension professionals in water management (in the 
manifestation of Irrigation Advisory Service (IAS)).

• Sustained WUA involvement in all activities leading to equitable distribution and expanding 
renovation to branch canals.

 
The establishment of WUAs and, especially, of BCWUAs, was hampered by a number of constraints, 
the revision of Law 12/1984, above all, that did not allow official recognition of BCWUAs. However, 
management and institutional innovations introduced by the Irrigation Improvement Project (IIP) 
and the Integrated Irrigation Improvement and Management Project (IIIMP) institutionalized a PIM 
approach, through the provision of WUAs at pump-station level and BCWUAs at branch level.
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Legislation of water user associations and their role in PIM/IMT

The introduction to constitutional framework: Law 12/1984, its supplementary Law 213/1994 and 
the subsequent Ministerial Decree 14900/1995 laid down the legal basis for the establishment of 
WUAs and articulate their institutional status, their roles and responsibilities while indicating the 
modalities for the transfer of water management to associations of farmers at mesqa level.

Purpose and objectives: The combined provisions of legal and programmatic frameworks assign 
farmers organized into WUAs the following main functions: participation in planning, design, and 
construction of improved mesqas; operation, maintenance, and follow-up of improved mesqas; 
improvement of water use and distribution at the mesqa level; identification of responsibilities and 
setting up of rules to prevent and resolve conflicts; establishing coordination with agriculture - and 
irrigation-related agencies; development of financial resources of the association to improve O&M.

Legal status: As stated in the IIP, WUAs are considered “a private organization owned, controlled 
and operated by member users for their benefits in improving water delivery, water use and other 
organizational efforts related to water for increasing their production possibilities”. WUAs are formed 
by all farmers at the improved mesqa, who are mutually responsible for O&M, determination and 
collection of irrigation costs, scheduling of operation time and necessary maintenance tasks. 

Establishment and eligibility criteria: The formal establishment of any WUA requires a formal 
notification to the MWRI. All beneficiary farmers on a mesqa are eligible to take part in the WUA and 
its plenary governing body. An association can be formed by a minimum number of five farmers.

Organizational structure and employment: The General Assembly represents the plenary body of 
the WUA, formed by “all land holders and/or tenants irrigated from the private or common mesqa”, 
whereby each member is a member of the association. The Boards of Director represents the 
immediate above governing level of the WUA and it is composed of at least five directly elected 
members (unless the General Assembly members are less than ten). 

Jurisdiction and competences over infrastructure and management: The Basic Law of WUAs 
provides detailed terms of references for each of the governing bodies, as well as of the operational 
leaders (marwas and valves, and pump operator), thereby indicating each one’s roles and 
competences. The Board receives the improved mesqa, which will be operated and maintained by 
the beneficiaries. Board members share responsibilities on the operation and regular maintenance 
of mesqas. In its role, the Board deals with eventual conflicts among members related to the 
improved mesqa and the mandate of the association, also selecting the leaders for each valve or 
gate on the mesqa or marwa and organizes the pumps schedule between the marwa openings 
or on the valves linked to the marwas. Finally, the Board prepares and implements the annual 
maintenance plan of the water pump and mesqa and provides training to the board members and 
assisting personnel on the different O&M issues.
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Financing and irrigation fees: WUAs have managerial, financial and technical autonomy, they set 
the tariff for irrigation and make their own budget. The financial resources of the association, in the 
specific, derive from: contribution of the members, usually set according to the member property 
during the early phase of the association’s establishment; money allocated to cover the irrigation, 
operation and maintenance costs; return of the bank deposit; donations and grants received from 
the association members or others. Irrigation fees are collected and documented for each member 
upon declaration of the paid amount, the land size, the type of crop and the irrigation date. The 
contribution of each member, “the irrigation fee, is determined by irrigation frequency per feddan, 
operation hour, irrigation of the crop or the agricultural season of the feddan, based on the 
conditions and what is agreed upon among the Board members”.

The technical assessment provided the opportunity to investigate irrigation institutions and 
organizations in the selected areas through the collection of in-field data to evaluate their status and 
performance in the framework of the irrigation management transfer process currently ongoing in 
Egypt. In total, nine mesqas were surveyed to learn about how the legislation is translated into real-
term implementation. OFIDO dedicated its project component to the institutional development of 
improved mesqas in order to ensure smooth transfer of management responsibility. 

Water delivery service

The indicators defined by RAP provide assessment on the irrigation system as a series of 
management levels, each level providing water delivery service through the internal management 
and control processes of the system to the next lower level, from the branch canals down to the 
individual farm or field. The mesqas are appraised through four major indicators in non-improved 
mesqas. These composite indicators are differentiated according to the system layers, but excluding 
the pumps:

• Water delivery service: includes the composite indicator that measures the actual service 
provided from the system to farmers. The composite indicator displays the five major 
performance indicators: flexibility, reliability, equity, number of farms supplied by final 
offtakes and control of flows. 

• Social order: includes indicators that provide a quantitative measure of order of canal 
operation and maintenance. Since non-improved mesqas have no formal institutions to 
operate the system, social order is limited to the assessment of conflicts amongst users. 

• Mesqa canal and distribution: includes composite indicators that measure the status of the 
physical infrastructure as well as the management of operation and maintenance. 

• Marwa distribution pipeline: includes composite indicators that measure the status of 
the physical infrastructure as well as the management of operation and maintenance. 
Furthermore, the indicator includes the assessment of turnouts. 
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Five major indicators are defined from the internal indicators for improved mesqas in order to 
differentiate the layers of water service:

Water delivery service: includes the composite indicator that measures the actual service provided 
from the system to farmers. The composite indicator displays the five major performance indicators: 
flexibility, reliability, equity, number farms supplied by final offtakes and control of flows.

Pumping station and distribution: this is the most novel addition to the standard RAP procedure as 
the latter is used to appraise non-pressurized irrigation systems. This category includes composite 
indicators that measure the status of the physical infrastructure as well as the water distribution at 
system level.

Mesqa distribution pipeline: includes composite indicators that measure the status of the physical 
infrastructure as well as the management arrangements and procedures involved in operating the 
mesqa pipeline.

Marwa distribution pipeline: includes composite indicators that measure the status of the physical 
infrastructure as well as the management arrangements and procedures involved in operating the 
marwa pipeline and the final offtakes (hydrants). 

Social order: includes indicators that provide a quantitative measure of users’ contribution to the 
operation and maintenance costs for the scheme, the level of participation and satisfaction towards 
WUAs, and the level of conflict between users and towards the WUA.

Findings

Water balance

Although crops in Lower-Egypt are more water demanding, the climate in the Delta is more 
favourable due to lower temperature, higher humidity and the presence of effective rainfall. 
Extreme climatic events can significantly change the crop water requirement. The case of heat 
wave in 2019 raised attention on the need for flexible climate adaptation strategy that enables 
farmers to cope. Currently, national water budget provides recommendation on water distribution 
and farmers estimate their water need based on their experience. Crop water requirement is also 
influenced by agronomic practices. Contour bunds, even land surface, sowing depths, soil fertility 
and management of impermeable layers are equally important to optimize water requirement. 
However, results of farmers’ survey show that land preparation is limited to small number of 
practices, while important practices such as soil restoration and levelling are still not frequently 
applied. 
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Water supply values are consistent with the crop water requirement per Governorate. Furthermore, 
the supply of improved mesqas is closer to the actual requirement than the supply in non-improved 
mesqas due to the reduced number and duration of irrigation, and the lower discharge. Perhaps 
one of the reasons of optimized supply is the easier water control by hydrants (switch on and off ). 

Water balance is estimated in each sampled mesqa – both in improved and non-improved – to 
reveal the differences amongst mesqas and Governorates. The interpretation of water balance is 
within +/- 10 percent error range even at proper calculation when water requirement and supply 
are monitored throughout the year. Therefore, the analysis allows some flexibility in acquired 
values, and general trends can be lined-up accordingly.

Assuit

Figure 14: Annual water balance of El Hammam No 2 

Figure 15: Annual water balance of Arab Motier No 8 

 
 
Figure 16: Annual water balance of El Meana No 8 
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Figure 17: Annual water balance of El Meana No 9 

The water supply was sufficient to meet crop water requirement in each case in Assuit, even though 
some farmers reported water scarcity. The improved mesqas of El Hammam No 2, Arab Motier No 
8, El Meana No 8 reached 96.5 percent, 96.5 percent and 90.5 percent balance respectively, which 
means that excessive water application does not reach 10 percent of the total supplied water. The 
non-improved mesqa of El Meana No 9 reached 82.0 percent efficiency with 123  000 m3 over-
irrigation in the mesqa. It is important to note that water loss through open canal is significant 
in longer mesqas. The obtained imbalances show that improved mesqas in Assiut reached 15.2 
percent irrigation efficiency increase at system level. 

Sohag

Figure 18: Annual water balance of Al Nahia No 3 

Figure 19: Annual water balance of Al Shagara No 3 
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Figure 20: Annual water balance of Al Farah No 7 

Figure 21: Annual water balance of El-Houd Al-Westany

The water supply is also sufficient in the mesqas in Sohag. None of the mesqas suffers from water 
deficit, although minor under-irrigation might occured in some months. At system level, the 
improved mesqas of Al Nahia No 3, Al Shagara No 3, Al Farah No 7 reached 97.6 percent, 81.4 
percent and 83.0 percent field irrigation efficiency respectively. The non-improved mesqa reached 
only 56.0 percent though, due to excessive overirrigation in each month. The efficiency increase 
is remarkable, it accounts more than 42.6 percent increase between improved and non-improved 
mesqas. 

Kafr el-Sheikh

Figure 22: Annual water balance of Marc El Gamal No 8
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Figure 23: Annual water balance of El Mohiet No 5 

Figure 24: Annual water balance of El Bashier No 14 

Figure 25: Annual water balance of Al-Bayoumy and Hendawy, Al Zawia

The mesqasin Kafr el-Sheikh show decent balance between supply and demand. The improved 
mesqas of Marc El Gamal No 8, El Bashier No 14, El Mohiet No 5 reached 88.0 percent, 97.5 percent, 
97.9 percent irrigation efficiency respectively. However, the balance of non-improved mesqa 
indicates 9.5 percent water deficit. Although this value is within the assumed +/-10 percent error 
range, the mesqa is exposed to water scarcity. 

Organization and institutions

Results stemming from the assessment of irrigation and institutions show diversified stages of 
implementation and a variable degree of participation of farmers in decision-making, as well as a 
significant lack of awareness of farmers on the multiple effects of the process at mesqa level and of 
understanding of shared responsibilities.
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The establishment, often not legally founded, of WUAs in the sampled mesqas/marwas is fairly 
recent in Upper-Egypt. The provision included in the Law 213/1994 on the creation of users’ 
communities with partial management responsibilities over irrigation schemes was only applied 
several years later in the project area, whereby the average operating years of WUAs is 1.59 years, 
with the ones in Kafr el-Sheikh registering the longest lifespan.

Four mesqa/marwa management dimensions were examined to evaluate the definition of 
responsibilities between stakeholders (public institutions, WUAs and farmers) and provide 
indications on the current application of relevant above-mentioned legal provisions: organization, 
distribution, maintenance, operation. The four dimensions are analyzed separately.

Organization

WUAs are entitled to collect irrigation fee from farmers to cover the expenses related to O&M, 
human resources, investments and other activities while public institutions are responsible for 
training activities. According to the law, the fee should be based on irrigation frequency, operation 
hour, crop type and other predefined conditions. The pricing-making is heterogenous amongst 
mesqas. The fees range from 40 to 162 EGP per feddan per irrigation turn depending on the WUA 
Board decision. 

Public institutions are responsible for training activities in all of the sampled mesqas/marwas. These 
trainings are mostly constrained to farmers’ schools and women’ schools. Few pump operators and 
WUA Board members reported one-day long training about pump operation, not found sufficient. 

The project replaced the old diesel pumps, and constructed the systems with electric pumps, 
without proposing back-up pumps in case of access failures to electricity. Therefore, energy supply 
arrangement with electricity companies is one of the major preconditions of operating pressurized 
irrigation system. Responsibility for energy supply lies with WUAs in Assiut and Sohag Governorates 
and with public institutions in Kafr el-Sheikh.

Farmers’ representation is the duty of the WUA. One of the identified gaps in representation is 
the lack of liaison with other mesqas and at marwa level. Although BCWUAs are in place, their 
functionality and influence on WUAs are limited. The low water level for downstream mesqas, for 
instance, is due to the unlimited water withdrawal of upstream mesqas.

The density of the implementation of organizational variables at different stakeholder level 
is displayed in bubble charts shown below. The bubble charts present the results of nine 
mesqas, whereas mesqa representatives were asked: which stakeholder level (Public, WUA, 
farmers) is responsible for the different variables (management responsibilities). The results 
of the organizational dimensions are well-balanced, which means that the implementation of 
management responsibilities is carried out similarly in each mesqa.
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Figure 26: Density of the implementation of organizational variables at different 
stakeholder level

 
Distribution

Public institutions result to be responsible in most cases for the rotation at branch canal level and 
the negotiations over water supply. The irrigation schedule is established by the MWRI at branch 
canal level. The water distribution within the mesqas largely appears to be a responsibility of WUAs, 
with public institutions only performing the task in a few schemes. Farmers submit to operators 
their water request, limited by the rotation in branch canal and the capacity of the pump. The 
management responsibility is largely implemented in the same way in each mesqa.

The density assessment of different variables at management level is displayed in a bubble chart 
(Figure 27). The majority of the management responsibility is implemented in the same way in each 
mesqa. 
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Figure 27: Density of the implementation of water distribution variables at different 
stakeholder level

 
Operation

Pump operation results to be the only task generally performed by the same stakeholder, the 
WUAs, in all of the sampled mesqas. Responsibilities instead result less clearly assigned in the case 
of butterfly operations, which are more commonly performed by WUAs, with farmers, however, 
carrying out the task in almost the same number of cases. Similarly, hydrant operations are almost 
equally shared by farmers, who perform them in a moderate higher number of cases, and WUAs. As 
the density estimation indicates, the operation of equipment within the mesqa might be not well-
defined, and therefore, WUAs depend on the transfer of responsibility directly to farmers.
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Figure 28: Density of the implementation of operation variables at different stake-
holder level

Maintenance

Maintenance works indicate the major confusion in terms of management responsibility. The 
responsibilities undertaken differ significantly from one mesqa to another. Although, WUAs are 
responsible for the O&M according to the law, some of the works are almost exclusively carried 
out by farmers. Hydrants’ maintenance, for instance, is considered as transferred responsibility to 
farmers, even though the deterioration of one hydrant significantly affects the performance of 
other hydrants. The same situation applies to the marwa pipelines. It is less likely that farmers have 
equipment to excavate and fix the occurring problems in marwa pipelines, therefore, maintenance 
issues in marwas pose serious risk to the system performance. 
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Figure 29: Density of the implementation of maintenance variables at different stake-
holder level
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All of the tasks considered, except pump routine maintenance, are performed either by a modest 
majority of farmers (marwa routing maintenance, hydrant routine maintenance, marwa repair 
work, hydrant repair work) or of WUAs (mesqa routine maintenance, pump repair works, mesqa 
repair works, procurement). The maintenance dimension of irrigation management thus appears to 
be the field where responsibilities are less clear and require an improved definition of managerial 
roles.

Water delivery service

RAP metrics of non-improved mesqas

The non-improves mesqas’ performance is far below the level required to provide sufficient water 
delivery service. The actual water delivery service received the lowest score amongst all of the 
indicators due to the inflexibility and within-system inequity. Operation and maintenance of earth 
canals have several limitations, such as gradually required re-profiling of the canals, erosion and 
deterioration of canal bends, lack of water control and unknown flow volumes. Furthermore, the 
individual pumping leads to distributional issues, and crowds out the most downstream farmers. 
The synopsis of indicators is presented in radar charts, each composite indicator is scored from 0-4. 
The farther is the score from the centre of the chart, the better performance is indicated.

The water delivery service is measured through 
five performance indicators: 1) number of farms 
downstream from water supply, 2) flexibility, 
3) reliability, 4) equity, and 5) control of flows. 
The number of farmers from the water supply 
and last outlets vary according to the lengths of 
the mesqas. Furthermore, more farmers share 
often the same outlet in irrigation time, which 
leads to conflict amongst them. The flexibility of 
water service is limited by the rotated irrigation 
schedule and by the capacity of the earth canal; 
furthermore, water travel time is long through 
the earth canals. The reliability is constrained 
by the fact that flows are not measured. Within-
system equity is of paramount importance to 
provide acceptable water service. The earth 
canals are not sufficient to deliver the same water service quality for both upstream and 
downstream farmers.

Social order is measured through two sub-indicators: 1) communication, and 2) social order. 
Farmers have no WUAs in place to organize and manage the irrigation and they are fully responsible 
for irrigation management within the system capabilities. However, there is no conflict or vandalism 
around the irrigation system. Moreover, farmers have direct communication channels to arrange 
management amongst each other.
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of performance indicators about water 
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The mesqa distribution pipeline is appraised through three sub-indicators: 1) general conditions 
of mesqa, 2) operation of mesqa, and 3) turnouts from the mesqa. The general conditions are 
adversely affected by the fact that farmers have no means to re-shape the canals and maintain 
the canal functions. The water loss through the conveyance is significant due to seepage and 
overtopping. Due to the disrespected design capacity, waterlogging might occur around the 
canals. The turnouts consist of small earthen waterways excavated by farmers. The waterways have 
no structures or means to control flows. 

The marwa distribution pipeline is appraised through the same sub-indicators as mesqas: 1) 
general conditions of marwa, 2) operation of marwa, and 3) turnouts from the marwa. Similar to 
the mesqa pipelines, the earth canal marwas are deteriorated, widened and their profile is irregular. 
The majority of marwas have no design capacity to ensure the efficient flow intake from mesqas. 
Although many of the farmers apply furrow irrigation, the density of furrows and distance between 
turnouts of marwas differ from each other, which might lead to poor uniformity of irrigation.

RAP metrics of improved mesqas

Considerable heterogeneity in the performance of the improved irrigation systems across the 
sampled mesqas was remarked. At a glance, it is evident that mesqas in Assiut show slightly better 
performance than mesqas in Sohag over all of the dimensions analyzed. Mesqas in Kafr el-Sheikh, 
on the contrary, show the lowest performance.

Table 23: Synopsis of the RAP indicators

Assiut Sohag Kafr el-Sheikh

Arab 
Motier 
No 8

El 
Hammam 
No 2

El Manna 
No 8

Al Farah 
No 7

Al 
Shaghara 
No 3

Al 
Nahia 
No 3

El Bashier 
No 14

El 
Mohiet 
No 5

Marc El 
Gamal 
No 8

Water 
delivery 
service

1.60 2.00 2.40 1.80 1.40 1.60 1.80 1.80 1.80

Pumping 
station and 
distribution

3.36 3.36 3.00 3.00 2.83 2.83 2.36 2.36 2.64

Mesqa 
distribution 
pipelines

2.92 3.08 2.92 2.08 1.75 2.08 1.59 1.75 2.08

Marwa 
distribution 
pipelines

2.98 3.15 3.15 2.83 2.29 2.83 1.87 1.87 2.62

Social order 1.33 1.67 2.00 2.30 2.22 2.30 2.44 2.44 2.58

 
 
 
 
Water delivery service

Number of fields per marwa: through its design, the modernization assured that each farmer has 
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Water delivery service

Number of fields per marwa: through its design, the modernization assured that each farmer has 
his own turnout (hydrant) for irrigation, thus eliminating the conflict around shared turnouts. While 
farmers might receive the same water service, the design helps farmers to schedule irrigation based 
on their own demand.

Measurement of volumes: there is no effective irrigation management without flow measurement. 
However, the improvement within the current project – and in other improvement projects over 
the country – does not provide effective means for flow measurement. 

Flexibility: the sub-indicator is defined as the capability of the system to introduce a wide range of 
frequency, rate, and duration irrigation schedule. Flexibility affected by the rigid rotation system 
of the feeding canals (main and branch), efficient water delivery of the WUA, and the hardware 
capacity. Mesqas located on the upstream part of the branch canal receive the highest score due to 
the sufficient water level in the branch canal for the majority of time. 

Reliability: the sub-indicator is scored against the required frequency, rate and duration while 
assuming that the volume is known. Reliability is depending mainly on the water availability in 
the scheduled rotation, efficient water delivery of the WUA, reliability of energy supply, and the 
hardware capacity. Mesqas with medium score have operation interrupted by the extremely low 
water level in the branch canal and the frequent electricity shortcut. 

Equity: the sub-indicator is considered as one of the principal impacts of OFIDO, which is consistent 
with socio-economic and efficiency objectives. Equity is analyzed here as equal access to water 
services amongst farmers in the same mesqa. Within-system equity is influenced by the system 
design, irrigation schedule, and hardware performance. Mesqas with medium score have low 
pipeline performance due to a number of broken items. The range of operating pressure in the 
mesqa system is diverse and goes from 3-9 m range to considerably ampler ranges, such as 3-13 m 
in mesqas with very long pipelines. In six mesqas, the system upstream (i.e. pumping station) fails 
to provide adequate pressure head and discharge at mesqa level in less than one percent of the 
cases. However, failure occurs in 10 percent of the time in Al Nahia No 3 in Sohag, and El Bashier No 
14 in Kafr-El-Sheikh. Only Arab Motier No 8 in Assiut exceeds the threshold of unreliability and fails 
to provide adequate pressure head and discharge in 25 percent of the cases. 

Pump station and distribution

Pumping stations are operated in a flexible manner since the in-system schedule is often adjusted 
by the WUA – or by pump operators in Assiut and Sohag. The adjustments reflect on the farmers’ 
water demand within the capacity of the system. In terms of reliability, a larger heterogeneity 
among pumping stations is noticed. It is important to note that neither the discharge nor the 
pressure are measured in the mesqas, which significantly decreases the performance of the 
distribution. The location of the pumping stations is suboptimal in about 78 percent of the mesqas, 
since all marwas are located on one side of the pipeline, delivering suitable pressure to the last farm 
in the system faces difficulties.
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The general conditions of the pumping station hardware are diverse amongst mesqas. In Assiut and 
Sohag, the overall hardware condition is sufficient. The ease of pump operation under the current 
target operation is appropriate, as well as the maintenance level of the pumping station (except 
Al Nahia No 3). One of the limiting factors of the performance is the barely sufficient availability 
of equipment and staff to maintain the station, which is counterbalanced by the availability of 
private sector. The hardware of the mesqas is in Kafr el-Sheikh the weakest, with high degree of 
vulnerability. All stations show at least minor problems of installation, including minor protection 
and ventilation problems. The pumping stations have low possibilities of remote monitoring to 
control and operate the pumps. The overall design efficiency for the improved pumping stations is 
70 percent, but the operating efficiency is generally lower ranging from 40 (in five stations) to 60 
percent.

 
Capacity of butterfly valves in all sampled mesqas 
is sufficient to pass the maximum designed 
discharge. The design of the butterfly valves 
allows for easy operation. However, the ease of 
operation is very low in one case (Al Nahia No 
3) and is cumbersome to operate as intended 
due to inadequate hardware. In Kafr el-Sheikh, 
the mesqas show problems in operating the 
butterfly valves due to poor installation.

Mesqa distribution pipeline

In the mesqas in Assiut and Sohag, the capacity 
and the condition of the pipeline are sufficient 
to deliver the required flow rates and pressure, 
except in Al Shaghara No 3. Many flaws are 
identified through the pipeline, such as pipeline 
connections, joints, and fittings. The bad 
condition limits the capacity of the pipeline to 

deliver the required flow rates and pressure. The mesqa pipelines in Kafr el-Sheikh are scored lower; 
still, they can deliver the defined design discharge.

There is no established protocol on regular inspection of the pipelines, although proper 
maintenance should include it. Inspection of buried pipes is a challenging exercise, since the 
recognition of leakages in buried pipe systems require an alternative of visual observation. 
Therefore, measurement of pressure distribution over the mesqa was introduced during the 
assessment. 

Marwa distribution pipeline

The pipelines in Assiut and Sohag have generally good condition, except Al Shaghara No 3. The 
marwa distribution pipeline in Al Shaghara No 3 in Sohag appears to be in extreme conditions, with 
a poor type of installed pipe and several damages across the pipeline that require immediate action 
to avoid further deterioration. Such action might include the complete replacement of the pipeline, 

Figure 31: Pump station after 
warranty period
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with extended guarantee period of the contractor. In Kafr el-Sheikh, marwa pipelines perform at 
low level and the achieved scores do not reach middle score. The poor level of general maintenance 
and the significant leakages result in an extremely low performance. Unlike the mesqa pipelines, 
the marwa pipelines are under the observation of farmers, who report to the respective WUA in 
case of damage. 

The ease of hydrant operation is sufficient in most of the mesqas, except three mesqas. The ease 
of hydrant operation is cumbersome in mesqas in Kafr el-Sheikh. In order to ensure functionality, 
pipeline replacement is desirable. Furthermore, hydrants in Al Shaghara No 3 in Sohag are 
deteriorated to the level that closed hydrants leak. A key weakness of the system is the lack of 
devices to regulate pressure and flow together with the lack of flow and pressure measurement. 

Social order

Farmers receiving water service worse than required can resort to vandalism and unintended use of 
the system. Currently, there is no evidence of farmers’ intentional damage. Farmers do not withdraw 
water out of the irrigation schedule. In case of further water demand, they order additional 
irrigation turns from the pump operators.

However, the institution of WUAs needs significant development in order to ensure the staff for 
O&M activities in the system. The current WUAs are often not legally founded and there are no rules, 
frameworks or regulations to define their responsibilities. The project executed a full irrigation 
management transfer to farmers, who are responsible for the activities of O&M after the completion 
of the construction. However, the irrigation management transfer is imperfect due to the lacking 
skills and experiences of farmers to operate the new pressurized systems. Furthermore, WUAs have 
no effective means to set rules on O&M. The farmers informally select leaders and pump operators 
and they partially take care about O&M.

Nevertheless, current fees exceed the eventual energy costs even in mesqas, where guarantee 
period is still on-going and no maintenance costs occur. High fees jeopardize the objectives of 
the project. One of the theories about high costs is that the farmers, who donated their lands to 
construct the pump station, became the pump operators/WUA leaders.

The WUAs have no proper staff or employees with appropriate skills or who received training to 
carry-out O&M in the system. Farmers still rely on the constructors in mesqas while guarantee 
period is on-going. The rest of the mesqas rely on outsourced service providers and farmers pay 
private companies for repairing and maintenance works. Although the systems are still new, their 
expected lifespan might decrease significantly, if O&M is not organized in a better way in the future.

Conclusions

Water balance
In general, the water supply is sufficient at system level to meet the crop water requirement, although 
farmers often have the wrong perception that their lands are hit by water scarcity. Nevertheless, 
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their observations are based on experience, and there are neither available information system 
nor flow measurement to reassure that water requirement is met. Capacity-building at extension 
service level is required to increase farmers’ understanding about crop water requirement and 
water supply. Albeit system-level efficiency is significantly increased through the improvement, it 
should go hand-in-hand with farmers’ capacity-building to achieve well-demonstrated results.

Improved systems perform highly accurate water balance reaching up to 98 percent (+/- 10 
percent). The upstream mesqas along the branch canals usually apply more excess water than 
required, but the obtained balance is still decent. The system improvement resulted in 15 to 45 
percent efficiency increase at system level by decreased excess water use. This considerable water 
gain is attributed to the more precise water control, equal water travel time within the mesqa, and 
better estimation of applied irrigation water.

The sufficient water supply at system-level does not necessarily guarantee the equal distribution 
within systems. The improved irrigation systems enhanced the equity amongst farmers as 
downstream farms receive the same amount of water if the operation of hydrants is appropriate, for 
example, no more than two hydrants are operated simultaneously. Tools for hydraulic performance 
assessment are adequate means to simulate the proper hydrant operation to provide sufficient 
flow. Field observations showed that farmers often open more than two hydrants at the same 
time, which reduce the discharge to critical level at hydrant. Evidence-based results about different 
hydrant combination should be demonstrated to operators to understand the behaviour of their 
system.

The on-farm irrigation practices need further improvement to enhance the soil-water balance. 
However, new practices are still not introduced in improved systems. The shape of farms, for 
instance, determines the uniformity of surface irrigation. Furthermore, land works such as soil 
amelioration, land levelling, seed-bed preparation, management of impermeable layers, well-
shaped contour bunds and furrows contribute to the uniformity/application efficiency.

Farmers irrigate their crops according to their perception and experiences, e.g. although sorghum 
has higher crop water requirement, farmers reported longer duration and higher irrigation 
frequency for maize. Efficiency increase at system level should be translated into farm-level 
gains. Capacity-building on crop yield responses should be organized for extension services to 
understand the yield’s interaction with different farming practices and inputs. Furthermore, WUAs 
or communities of WUAs should be equipped with basic equipment yard to carry-out land works, 
such as inexpensive tractors, ridgers, excavators, portable ploughing, weeding machine and 
cultivator.

More effective water control is required to further help farmers properly irrigate in multi-cropping 
systems. The diverse water demand of different crops and double-cropping might be translated 
in uniform irrigation of different crops. Pressurized irrigation systems have the potential to control 
water either at pump level or at hydrant level. Demonstration of flow control might encourage 
farmers to experiment with more cash-crops and gradually change cropping pattern. Although 
equipment of each hydrant with flow measurement devices would entail considerable cost, 
inexpensive methods such as portable soil moisture sensors help farmers scheduling their irrigation 



Chapter 2:  Technical assessment 67

even in multi-cropping and double-cropping systems.

Due to the lack of high-performing drainage systems, the runoff of excess water is not effectively 
conveyed. Applying equal water to required irrigation depth is the only safe way to avoid salinity 
and other soil fertility losses in mesqas without drain. This issue puts serious field risk in case of 
extreme climatic events. Furthermore, it requires proper land levelling in each season to ensure 
that water will not be ponded in depression points. Drain provision should be promoted whereas 
it is possible. New irrigation systems should be equipped with drains in Upper Egypt – preferably 
with sub-surface drainage system. This would help the prevention of salinity and the leaching of 
agrochemical into groundwater.

As excess water is deep percolated, thus, moving accumulated salts into groundwater, the use of 
groundwater might pose serious risks. As some of the farmers reported groundwater use from a 
couple of meters below surface, probably, sub-surface drainage water might be already re-used 
in many farms. Yet, salinity of groundwater and soil is not adequately monitored; furthermore, 
groundwater use is not controlled in Upper-Egypt. Few farmers already reported salinity, although, 
it is still not widely experienced. In mesqas without drains, salinity and PH of soil and groundwater 
should be permanently monitored to lower the risk. Furthermore, groundwater monitoring and 
controls should be carried out in Upper-Egypt to avoid the misuse of it. 

Farmers are not equipped with monitoring devices of soil-water content, water supply, crop 
evapotranspiration, climate or depth of groundwater. Although inexpensive solutions are already 
existing in the market, no measurement or monitoring activities are in place. Community-centred 
monitoring would certainly further improve the irrigation efficiency at farm level, thus, minimizing 
non-beneficial runoff and increasing yields. Monitoring devices such as soil moisture sensor, 
flow meter in the pump station, lysimeter, ET climate station and groundwater sensors should 
be deployed at Governorate level to ensure the community-centred monitoring in order to build 
farmers resilience to extreme climatic events and to preserve land and water resources.

Organization and institutions
Almost 30 years from the approval of the on law on farmers’ participation, a number of issues 
remain open with reference to the ongoing process of transfer of responsibilities to farmers and 
the perception of expected benefits remains distant among stakeholders. The call for a stronger 
role of WUAs in decision making yet is quite unanimous. The discussion, however, rarely tackles the 
reasons of the on average low performance of the overall process, and it rather advocates for “more 
of it” or the strengthening of already established associations, often without looking into on-field 
achievements. 

The process so far was characterized by a “stop-and-go” development which appears to have 
generated a disconnection between, on one hand, a large support shown by donors and some 
officials investing in the transfer process, and, on the other hand, the partial application of the 
reform, whose social acceptance and full understanding is quite limited. As a result, general remarks 
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shift between a positive consideration over a fairer distribution of powers and responsibilities 
granted by the transfer process and a less genuine attention to the increasing contribution, in kind 
or cash, of end-users.

The results of the technical assessment confirmed these general considerations. A clearer definition 
of responsibilities in the application of the law appears the most urgent improvement for a full 
implementation of the provisions indicated on paper, given that the current conditions still allow 
significant margins for overlapping roles in the schemes’ management, rather than properly 
associating accountability with the different actors. Even where WUAs are officially established 
and registered, which still represents the majority of observed cases, farmers did not show full 
awareness of the responsibilities associated with the transfer process.

Beyond the legal considerations, fragile institutional development has consequences on financial 
sustainability of the mesqas, as the operation mechanism is inherited from the traditional mesqa 
management. The flaws in financial contributions put burden on farmers and do not allow 
transparency on budgets. Further capacity-building is recommended for WUA members to acquire 
skills on planning, organizational management and business modelling, including financial 
planning. Furthermore, ceiling of irrigation fees should be defined at governmental level to avoid 
exaggerated pricing. O&M-based financing seems to be viable strategy that ensures sufficient 
budget for proper O&M while does not put burden on farmers.

Although the legal environment gives framework for the WUAs, the real-term implementation 
is not supervised sufficiently to help farmers understanding their rights and liabilities. The 
surrounding concerns about the responsibilities not only result in mismanagement of O&M works 
but in reduced capabilities of WUAs to respond in emergency situation. Distinct definition of 
property right, right of use and right of water and its description to farmers need careful revision 
in order avoid the appropriation of equipment. This requires more careful conciliation procedure 
between farmers and authorities. Under the current situation, top-down harmonization is required 
at Governorate level to align the operation of WUAs, BCWUAs, and other associations of water users. 
As the authority of WUAs is limited to the command area from pump station to drains, coordination 
with further levels (branch canal, drain) is necessary to avoid failures.

The somewhat slow definition of management roles is often also linked to the missed provision of 
handover processes between public institutions and WUAs, eventually due to considerations over 
the loss of prestige and legitimacy. Farmers lack sufficient skills to translate legal framework into 
real-term implementation. As only long-term impact can be reasonably expected from capacity-
building, closer supervision is recommended from governmental authorities to support WUAs. In 
current stage, the concept of participatory irrigation management appears to be more feasible 
strategy than full irrigation management transfer. This means that partial governmental support is 
necessary to help gradual transfer of management.

Sustainability and effective benefits of the transfer process will only be guaranteed by a fair and 
transparent development in the shifting of responsibilities to well-identified stakeholders, based 
on broad considerations over the institutional and economic policies currently in place and the 
somewhat different management and operational practices applied in the field.
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The responsibility transfer of maintenance works paints the most confusing picture from the four 
management dimensions (organizational tasks, water distribution, operation and maintenance). 
Still worse, maintenance works are also the most expensive. Nevertheless, if timely maintenance is 
not carried out, it has significant negative impact on system functionality. WUAs should be supplied 
with proper guidance and equipped with necessary devices to carry-out routine maintenance and 
repair works. Operators have long-term experiences only with diesel pumps; therefore, they need 
to acquire proper knowledge about the necessary maintenance of electric pumps. This might 
clarify the misconception of sharing maintenance works with farmers and help planning the related 
activities. 

Water delivery service

Through the application of RAP, adjusted to pressurized irrigation systems, to nine improved 
selected mesqas in Assiut, Sohag and Kafr el-Sheikh (three in each Governorate), the service quality 
delivered at the interface between the management levels has been appraised in terms of equity, 
flexibility, reliability and accuracy of control and measurement. This was done with the systematic 
collection of data processed into five synopsis indicators (Water delivery service, Pumping station, 
Mesqa distribution pipeline, Marwa distribution pipeline, Social order) in improved systems. 
The assessment highlighted considerable heterogeneity in the performance of the pressurized 
irrigation systems across the sampled mesqas. It is evident that mesqas in Assiut show a slightly 
better performance than mesqas in Sohag and in Kafr el-Sheikh over all of the dimensions.

The Water delivery service is scored to the lowest amongst the indicators and across the greatest 
majority of the mesqas. Flexibility, reliability and apparent equity reached medium score, but 
absence of flow measurement devices decrease the overall value of composite indicators. The 
overall reliability (required discharge) and within-system equity of the irrigation service have 
increased, but the improvement process has further unexploited potentials. Distributional issues 
are still occurring due to four main reasons:

• Inadequate knowledge on real water demand: farmers are not familiar with the concept of 
crop water requirement, while they do not have effective means to measure the applied 
water amounts.

• Lack of well-established irrigation schedule: the irrigation is based on rigid rotation at branch 
canal level, and on farmers’ perception at mesqa and marwa levels. The water demand and 
supply are not properly adjusted at field level.

• Lack of effective control over water distribution amongst mesqas: downstream inferiority 
remains present, the downstream mesqas are exposed to the upstream activities.

• Incomplete management transfer (full management transfer) to farmers: neither institutional/
organizational development, nor capacity building have taken place to create well-operating 
WUAs, and to increase farmers’ understanding on O&M of pressurized systems.
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The flexibility of the system remained limited due to the rigid rotation at branch canal level. 
Given the above-mentioned flaws in water distribution, farmers are still relying on additional 
water withdrawal. The improvement applied buried pipe conveyance, and previous open canals 
are filled up, thus constraining farmers on groundwater use. Consideration of groundwater use is 
currently untouched, although further development is needed to create management practices for 
groundwater.

Pumping stations and distribution category is the best performing indicator. However, some of the 
stations in Kafr el-Sheikh require further improvement in terms of maintenance work in order to 
preserve the functionality and extend the forecasted lifespan of the structures.

Mesqa distribution pipelines indicators reached medium to high score in all analyzed mesqas in 
Assiut and Sohag; except Al Shaghara No 3, where onsite welding of the pipefitting between the 
mesqa pipes and the riser to the butterfly valves require further rehabilitation/improvement. In Kafr 
el-Sheikh, the mesqas under-perform due to the manufacturing of pipefitting.

Marwa distribution pipelines indicators also reached medium to high score in all analyzed mesqas 
in Assiut and Sohag, except Al Shaghara. The same flaws of fitting appear in marwa distribution 
pipelines in Al Shaghara No 3 and Marc El Gamal No 8. El Bashier No 14 and El Mohiet No 5 mesqas 
achieved extremely high scores due to the poor condition of the hydrants, which require complete 
replacement.

The Social order indicator reached low to medium score in all analyzed mesqas. The lack of legally 
established WUAs and skilled staff lead to disorder and incomplete O&M responsibility transfers. 
In addition, the lack of sound organizational background to operate the pressurized systems 
might adversely affect the sustainability objectives. Organizational development needs further 
improvement for sustainability and economic objectives:

• O&M of pressurized system: the complexity of such systems requires more capacity-building. 
Local expertise has not been acquired yet to ensure the maximum lifespan of pump systems.

• Financial sustainability: the current management mechanisms have not been evolved into 
self-financing organizations yet (WUAs), which jeopardizes the cost recovery.

 
As shown by the RAP synopsis indicators, the equipment below the pumping station level has 
several flaws – confirmed also by the pressure test. The conditions of equipment operated and 
maintained by farmers is already deteriorated even in newly constructed mesqas. Although 
farmers have no effective means and skills to maintain marwas and hydrants, the management is 
fully transferred to them. Clear roles in management should be distinguished between WUA and 
farmers and, moreover, any repair works carried out by farmers should be supervised by operators. 
Evidence-base studies showed that slight modifications of design are non-avoidable in any of the 
farmers-managed irrigation system. Farmers, for instance, excavated open canals to convey excess 
water in Sohag. However, this modification can be only allowed if it does not influence the system 
performance.
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Field observations 

Introduction and methodology
Field observations were carried out to reveal the possible underlying causes of underperformance. 
Field observations imply a comprehensive approach that draws conclusions from the results of 
pressure test, flow measurement, and RAP performance assessment. Experts’ observations were 
carried out in the field and provided sound findings about the condition of irrigation systems.

Findings
The earth marwas: Weeds are spreading and cover most of the earth marwas in non-improved 
mesqas. They are growing in the bed and around the two banks. In many marwas, weeds cover 
almost 50 percent of the cross section and prevent water from streaming in this half. As a result, 
farmers pay extra fuel cost to refill the marwas and balance the water loss.           

Figure 32: Weed surrounding canal banks and bottom in non-improved mesqa

Unfilled improved mesqas: In many improved mesqas, the old earth marwas are still unfilled, 
regardless of the potential of land gains. Farmers did not fill the earth marwas because they use it 
either as drain or a border between two farms.

©
FA

O
/E

va P
ek



On-farm Irrigation Development in the Old Lands (OFIDO) - Technical assessment - Final report 72

Figure 33: Excavated mesqa above the pipeline in Sohag

 

Pump entrance and pumping station conditions: The entrance of El Meana No 8 was built only 
from a concrete pipe connecting the canal with the pump pit. There is neither a trash screen nor 
an isolating gate, therefore, the sump pump is not accessible to perform maintenance works. 
The level of the entrance of pumping station of Al Shaghara No 3 is higher than it should be, a 
condition that affects the performance of the pumps. Wrong levels of either the canal or pumping 
station consistently affect the flexibility and reliability of the mesqa systems. The conditions of 
the pumping station are seriously jeopardized once the guarantee period is finished, when the 
pumping station starts to suffer from poor routine and preventative maintenance. The absence 
of skilled technicians to conduct the required maintenance is also considered a sensitive issue. 
Currently, only the repairing of broken items is carried out and through private workshops. Control 
and measuring devices are installed in all pumping stations in Assiut and Sohag, but pressure 
gauges are not functional in most of them. No control and measuring devices are installed in any of 
the stations in Kafr el-Sheikh. Nevertheless, automatic control pressure sensors are very important, 
because they protect the pipe network from explosion in case of high pressure.

©
FA

O
/E

va P
ek



Chapter 2:  Technical assessment 73

Groundwater resources: In Assiut water, levels and discharges of El Meana No 8 and El Hammam No 
2 canals are stable and satisfy all irrigation requirements. Therefore, there is no groundwater wells 
in the command area of both canals. However, the water level in Arab Motier canal does not always 
meet the demand of the mesqa pump stations, so groundwater wells are highly needed. In Sohag, 
farmers considered the groundwater wells a very important water resource, as proved by having a 
well in most of the mesqas. In both Assiut and Sohag, the groundwater wells are very shallow and 
can be considered drainage water. 

Figure 35: Private groundwater well and pumping station connected to groundwater 
well

 
Standby pumps: The OFIDO-supplied equipment did not include diesel pumps in case of power 
failure, under the consideration that farmers could use their own old diesel pumps. This, however, 
was not possible in many cases, above all, because the low pressure of these old pumps cannot 
deliver water to long marwa pipelines and frequent power failure. In Assiut and Sohag, farmers 
expressed the hope that OFIDO could still supply these standby pumps. In Kafr el-Sheikh, power 
failure is considered one of the main problems, therefore, farmers of El Mohiet No 5 and El Bashier 
No 14 bought and installed a diesel pump.

Figure 34: Pumping station entrance impossible to approach and station without 
control or measuring device
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Figure 36: Diesel generator feeding the pumping station and diesel pumps connected 
to pumping station

Pipes and related accessories: In Sohag and Kafr el-Sheikh, pipes’ accessories are manufactured by 
welding pieces of pipes on field. Such type of accessories cannot withstand even one bar pressure. 
Pipe buckling is also considered one of the leakage causes. Pipe buckling occurs when the pipe 
material and its nominated pressure cannot withstand the earth pressure in addition to the 
pressure created by the farm mechanical equipment such as tractors.

Figure 37: Broken pipe at welding and buckled pipe

Valves: Although the capacity of the butterfly valves is sufficient, in Sohag and Kafr el-Sheikh, some 
butterfly valves are leaking, and their installation level is near or almost below the ground level, 
which creates problems for valve maintenance. The type and specifications of the air release valves 
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are generally acceptable. However, the main problem is their level of installations. It was observed 
that in many sites, the air release valves have lower level than the butterfly valves completely.

Figure 38: Butterfly valve installed at the ground level and air release valve at lower 
level than butterfly valve

Hydrants: In Kafr el-Sheikh Governorate, hydrants are considered the main reason of leakage even 
under normal operation. Leakage seriously decreases the conveyance efficiency. Farmers had to 
install a vertical screw bolt at the centre point of the vertical riser end, then they use this bolt to 
tight a steel plate to close the riser. Leakage occurs from riser during normal operation, even with 
tightened steel plate. Famers had to dig a trench, with or without a piece of pipe, in order to transfer 
the leaked water from the hydrant to the drain.

Figure 39: Hydrant out of use and hydrant tightening by stones

 
Rubber seals: In Sohag and Kafr el-Sheikh, the raw material of the rubbers is heterogeneous and of 
poor quality. As earlier indicated for the pressure test, the contractor working in Sohag, replaced all 
the rubber seals in order to improve the performance of the marwas. However, the replaced rubber 
seal still was of a poor-quality raw material and the leakage still occurred.
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Conclusions
In non-improved mesqas, the high rate of water loss measured in relatively short reaches of 
traditional earth marwas as confirmed also with flow measurement. Moreover, maintenance issues 
further decrease the canal performance. This proves the high benefits and importance of irrigation 
improvement projects in Egypt. 

Field observations showed that many farmers do not benefit from the potential land gain provided 
by the project. However, they rather keep the old earth mesqas and marwas unfilled to use them 
for conveying runoff or as a drain. Gains from land gain should be further demonstrated to convince 
farmers about additional land use.

As proved during the pressure test and the structured observations of RAP, pumps are working 
according to their characteristic curves, thus, following their purchased specifications. In improved 
mesqas, pumps are generally supplied with the required water discharge but at low efficiency. 
Confirming the conclusions of flow measurement, unreliable pump selection is considered 
one of the main reasons behind low pump operation efficiency. As will be further discussed in 
the Modelling section of this report, low pump operation efficiency will affect the stability and 
performance of the electricity feeding network system.

The construction of pumping stations needs careful considerations in terms of location and 
equipment to increase pump efficiency and to enable regular maintenance. In some cases, the 
level of pump station intake from the branch canal is higher than recommended, thus, affecting the 
flexibility and reliability of water supply. In lack of trash screen and isolating gates, the sump of the 
pump station is not accessible for maintenance.

The conclusions in the previous sections confirmed that measurement of flow and pressure is 
a necessary prerequisite to improve the system performance. Every pumping station should be 
equipped with a pressure gauge for each pump and it should have one automatic control pressure 
sensor to shutoff the pumps in case of a pressuring higher than two bars. Pump stations should 
be equipped with flowmeters, discharge data should be logged and discharge history should be 
built-up.

Both farmers’ survey and field observations confirmed that groundwater wells provide 
supplementary water amount in most of the mesqas in Assiut and Sohag. In mesqas suffering from 
unreliable water withdrawal – e.g. low water level in branch canal – farmers install groundwater well 
and sale additional water services. The groundwater table is shallow enough to use surface pumps. 

Water withdrawal is often disrupted due to external conditions such as power failure. However, 
there are no alternative solutions, such as standby pumps, provided to compensate the loss, and 
the previously used diesel pumps do not have sufficient capacity to supply long marwa pipelines. 
Some farmers took the initiative to equip their systems with standby pumps, but a long-term 
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solution is still missing. Back-up pumps with alternative energy input are necessary to cover the 
electricity failure. Renewable energy use could be piloted to assess their feasibility while mesqas 
should keep diesel pumps as back-up solution in case of energy cut. 

According to system design, capacity of the butterfly valves and hydrants is high enough to supply 
the required discharges, even when the pressure is below the design pressure. As also the flow 
measurement proved, the performance of the pipe system is heterogeneous, and the delivered 
discharge, consequently, is not equal within the system. In Sohag, some mesqa pipe systems 
are manufactured from a poor material quality and bad welded fittings, which results in high 
leakage percentage. The inequity between two simultaneously operating hydrant is significant. 
The same results appear for the mesqas in Kafr el-Sheikh, where the performance is weaker, thus, 
it is suggested to completely replace hydrants. Since the probability of leakage increases with long 
length marwas, longer than 500 m marwas should be accurately designed.

The functionality and lifespan of the improved systems are affected by some in-built equipment 
and item. In some cases, welded pieces of pipes are not resistant enough to carry earth pressure 
and potential pressure of heavy machines. Butterfly valves have sufficient capacity, but installation 
must be supervised to avoid the leaking. In some cases, air valves are lower than butterfly valves, 
thereby decreasing their performance. In Kafr el-Sheikh, the hydrants are the main flaws of system 
performance due to inappropriate design and manufacturing. In Sohag and Kafr el-Sheikh, the 
rubbers seals are outdated and of poor quality, thus, result in significant leakages. Despite the 
numerous vulnerabilities of system, no routine inspection is carried out to reveal the possible 
deficiencies.

The field observations confirmed the conclusions of the RAP exercise that the sustainability 
of the improvement work is jeopardized by farmers’ little knowledge about the operation and 
maintenance of pressurized systems, and maintenance problems are already occurring in mesqas 
where the guarantee period is expired. O&M guidelines should be provided to operators including 
inspection protocol, operation requirements, maintenance requirements, troubleshooting, certified 
suppliers of necessary accessories, etc. Later on, the guidelines can be converted into centralized 
asset management system at Governorate level. This would certainly help the early-intervention 
and increase the expected lifespan of assets.
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Modelling

Introduction and methodology
The main criteria for the analysis of pressurized irrigation systems were defined along with 
performance criteria allowing the assessment of farmers’ satisfaction within a wide range of 
possible demand scenarios. Farmers operate satisfactorily when they have about the same 
discharge (equity) in due time (reliability). 

In a first attempt a computer software package, called COPAM (Combined Optimization and 
Performance Analysis Model, FAO, I&D Paper n. 59, 2000), was used to carry out the above said 
analysis. The software elaborates simulations whereby constant flow at system level is generally 
assumed. In order to obtain results corresponding to the current situation, a new software package 
was developed by modifying COPAM. The overall performance of the improved irrigation systems 
was assessed, along with the evaluation of the pumping stations efficiency, equity in the water 
distributed to farmers and reliability.

In order to assess the hydraulic performance of the new improved irrigation systems, the hydraulic 
analysis was carried out by simulating different types of farmers operation, according to the 
rotational delivery rules applied by the WUAs and managers. The above-mentioned model provides 
results, for each group of hydrants operating at the same time (configuration):

1. The total upstream discharge flowing into the system.

2. The related upstream piezometric elevation (at the pumping station).

3. The efficiency of the pumping station.

4. The discharge flowing from each hydrant operating within operating conditions 
established by the applied rotational delivery schedule.

 
An iterative model was developed to generate the characteristic curve of the irrigation network 
for both marwa and mesqa. The number and the position of hydrants simultaneously operating 
is generated according to the information collected from field survey. In addition, other random 
hydrants configurations were simulated in order to assess the equity of the system for different 
rotational delivery schedules that may occur during the lifetime of the irrigation system.

The formula utilized to compute the hydrant discharge is (Rossi and Salvi, 1981):

q= m A (2 g H) 0.5 
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Where m = flow coefficient (assumed equal to 0.6), A = area of the hydrant cross section (p D2 / 4), 
and H = high of water above the operating hydrant.

In first step, initial pressure head (Hj,i = H1,0) at the downstream operating hydrant of the marwa 
is arbitrarily fixed and the hydrant discharge (q1,0) corresponding to H1,0 pressure head is then 
calculated using the previous equation. The discharge (q1,0) of the hydrant represents the discharge 
flowing in the upstream section of the marwa and it is used to calculate the head loss Y1,0 (m), in 
this section. In the second step, the pressure head at the second operating upstream is given by:

H2,0 = H1,0 + Y1,0 ±DS

Where DS represents the elevation change between consecutive operating hydrants in the marwa 
(m), assumed equal to zero in this model as the area is flat. This pressure head is used to calculate 
the discharge of the second operating hydrant from the previous equation. The sum of discharges 
of the hydrants 1 and 2 corresponds to the discharge conveyed in the second section R2 and it is 
used to calculate the head losses into that section. The procedure continues up to the upstream 
end of marwa 1. The pressure and discharge, thus, obtained constitute the first point (A) of marwa 
1 characteristic curve. In third step, new iteration is carried out, where a new value H1,1 of the 
pressure head is assigned at the hydrant 

H1,1 = H1,0 + ΔH

As in these type of irrigation systems, a little variation of pressure can greatly influence the 
discharge flowing from the hydrants, value of ΔH = 0.05 m was used at each iteration. Steps 1 and 
2 were repeated with the new initial pressure head value H1,1 and consequently, the second point 
(B) of the marwa 1 characteristic curve is obtained.

Figure 40: Example of mesqa characteristic curve generated by the model, aggregat-
ing the characteristic curves of operating marwa
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The procedure is continued until sufficient points are available to delineate the characteristic curve 
of marwa 1. The same procedure is used to calculate the characteristic curves of all other marwas 
along the mesqa (if they are operating). In order to obtain mesqa characteristic curve, calculation 
starts from the downstream end of the main line where the characteristic curves of each operating 
marwa are considered as an input data, instead of the characteristic curve of the single hydrant.

Findings
The characteristic curves of the irrigation system have been drawn under the hypothesis that 
the average difference between the static head and the ground level is equal to 2.0 m. From the 
reporting of characteristic curves of the irrigation system under different operating conditions of 
two hydrants (as obtained by the model), along with the characteristic curve and the efficiency 
curve of the pumps (as obtained by the company), conclusions are drawn. As a general rule, when 
open hydrants are close to the upstream end of the system, the characteristic curve is flatter since 
the head losses are small. On the contrary, when open hydrants are far from the upstream end of 
the system (at the extremities of the network), the characteristic curve is steeper since the head 
losses are bigger.

Figure 41: Example of several configurations of two hydrants in mesqa Al Shaghara 
No 3
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Assessment of system performance: EFFICIENCY

From the hydraulic analysis carried out on the representative selected irrigation systems, results 
show that the characteristic curves of the systems intersect the characteristic curve of the pumping 
station (operating points) in the average part of the diagram. Accordingly, the pumps’ efficiency h 
of the upstream pumping station is always ranging between 0.60-0.80, which could be considered 
as acceptable values. When efficiency is close to h≈0.60, energy consumption (either in terms of 
energy or diesel consumption) increases. This happens when hydrants close to the upstream end 
of the networks operate:

Energy consumption = Power x Operating Time = g H Q / (102 h) x Operating Time

Where g =specific weight of water (1 000 kg per m3), H = upstream pressure head (m), Q = upstream 
discharge (m3), and h = pump efficiency. The lower is the pumps efficiency, h, the higher is the 
energy consumption.

Assessment of system performance: EQUITY

Equity is referred hereafter to the discharge flowing from the operating hydrants. Such discharge 
should not be too different from one hydrant to another in order to have a good equity. Results 
were achieved by generating configurations of two hydrants on the same marwa. When two 
hydrants are open (one close to the pumping station and one far from the pumping station) 
hydrant discharges are very different. Therefore, if this last type of delivery schedule is adopted, 
farmers would have serious equity problems. Accordingly, the best type of rotation among hydrants 
can be identified by simultaneously open hydrants close among them. In this way, good equity can 
be obtained among farmers.

Farmers far from the pumping station always get lower discharge as compared to farmers close to 
the pumping station. The same results are observed for most of the network; i.e. when the rotation 
considers two close hydrants operating at the same time, hydrant discharges are very similar, 
otherwise hydrants discharge is very different.

Figure 42: Example of equity indicator in the configurations of two and four hydrants 
opened simultaneously in Al Shagara No 3
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When configurations of four hydrants were generated and analyzed, the range of variation of 
the hydrant discharge is even wider. It is appropriate to open hydrants in a symmetric way with 
respect to the upstream end of the network, in order to reduce the difference of discharges flowing 
through hydrants.

Therefore, as inputs for operators/managers, it is advisable to organize the rotational turns by 
opening hydrants in a symmetric way with respect to the pumping station and by opening always 
hydrants close together. On the other side, as inputs for designers, it would be appropriate to use 
different pumps having pressure/discharge curves fitting better with the characteristic curves 
of the served irrigation networks. In addition, the installation of flow regulators on each hydrant 
would guarantee the same discharge to farmers and, therefore, good equity would be achieved.

Hydrant reliability respect to the minimum required discharge 
(QMIN = 20 L/s)

The reliability of a pressurized irrigation system is defined as the probability that a hydrant has the 
minimum pressure head required for an appropriate on-farm irrigation. In the case of the analyzed 
irrigation systems, flow regulators are not installed on the hydrants, thus, a new definition of 
reliability is needed. Therefore, hydrant reliability is defined as the probability that a hydrant has 
the minimum discharge required for an appropriate on-farm irrigation. In this case, such hydrant 
minimum discharge is considered Qmin = 20 l/s.

Figure 43: Example of reliability indicator in configurations of two and four hydrants 
opened simultaneously in Al Shagara No 3

Impact of flow regulators on the irrigation system performance

Reliability is defined as the probability that a hydrant has the minimum pressure head Hmin = 5 m 
during its operation, being the hydrant discharge always constant as per installed flow regulators 
(no equity problems would occur). Therefore, the overall performance would increase. The hydrants’ 
discharge, indeed, would always be the same for all hydrants (good equity), as guaranteed by the 
flow regulators installed inside. Higher pump efficiency would also be achieved. The reliability of 
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each hydrant is close to 100 percent, indicating that the minimum pressure head Hmin= 5 m is 
always satisfied when flow regulators are installed. This is due to the high-pressure head of the 
upstream pumping station in respect to the required minimum pressure head at the hydrants. 
Moreover, it should be noted that, even with a reliability below 100 percent, farmers could still 
apply surface irrigation methods, as they can be managed even with pressure levels lower than 5 m. 
Ultimately, since the characteristic curves of the networks operate in the higher efficiency zone of 
the pumping station, less energy consumption and better pumps performance would be expected 
in each network.

Figure 44: Configurations of two opened hydrants equipped with flow regulators in Al 
Shaghara No 3

Conclusions
Hydraulic modelling proves to be a useful planning tool to ensure a reliable and equitable water 
distribution in pressurized systems, whereas these indicators depend rather on the pressure 
control. In the assessment target areas, since none of the hydrants are equipped with flowmeter, 
hydraulic modelling helps estimating the amount of supplied water at different combination of 
hydrants’ operation. Consequently, irrigators can be trained on the interaction between operation 
modalities and flow simply by deriving the results of hydraulic principles.

Recommendations stemming from the assessment refer both to the management and system 
levels, as per following:

• Management level: it is recommended to establish a consistent irrigation schedule that 
considers farmers’ demand, crop requirements and system constraints. 
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 - To reduce system inequities of water discharge, rotational shifts must be scheduled in 
a symmetric way with respect to the pumping station.

 - To increase equity of discharges, hydrants close to each other must be opened 
simultaneously.

 - Higher pump efficiency corresponds to a lower energy consumption, therefore, a 
technical assessment of the pumping unit as a whole, including the delivery head, 
is always necessary. Maintaining sufficient delivery head, e.g. at 8.0 m, consistently 
increases pump efficiency, up to 85 percent, thereby, reducing energy consumption. In 
turn, lower energy uses not only decrease irrigation costs but also increase the pump 
lifetime by reducing the occurrence of cavitation caused by high suction velocity.

 - Further assessment to evaluate the mechanical flaws of the pumping units and avoid 
higher-than-standard energy consumption – as presented in the pressure test, flow 
measurement, RAP and field observation exercises – would support performance 
improvements. Management rules should be defined in order to overcome detected 
deficiencies.

• System level: In order to obtain optimal system design to increase reliability and equity:

 - The distance from the pumping station significantly affects the required pressure. In the 
case of hydrants located far from the station, the pressure requirements increase due to 
the head losses, thus, decreasing pump efficiency.

 - System characteristic curves offer optimum solutions to operate close-to-optimal-
efficiency pumps. Using different categories of pumps and fitting pressure curves 
would substantially enhance the system performance.

 - The installation of flow regulators provides constant hydrants’ discharge, thus, resulting 
in an overall improvement of the system’s equity.
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Farm-level land gain

Introduction and methodology
One of the benefits expected from the improvement of irrigation system is the reduction of the area 
occupied by open mesqas that will be available for cultivation after having been filled in. The same 
expectation applies to lower distribution levels of irrigation systems, whereby open marwas should 
be replaced by buried pipes. Through the covering of mesqa and marwa, land gains are, thus, 
crucial as they are converted into production gains. Two main advantages are expected through 
land gain: increase of the actual assets of farmer’s ownership, and increase of the annual income of 
the farmers. Within the framework of the technical assessment, two axes were considered:

• Direct land gain: total area added to agricultural uses by planting the areas of improved 
mesqas and marwas, following the improvement process.

• Indirect land gain: increase in the crop yield on both sides of the mesqa and marwa areas, 
following the improvement process that was previously affected by the water in open 
channels (seepage). 

 
In order to calculate land gain for earthen mesqas and marwas, four different zones were surveyed. 
Cross section and dimensions in traditional mesqa were estimated and the total area was 
determined.

Figure 45: The cross section of traditional canal (mesqa or marwa)
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Direct land gain

To estimate the average mesqa width, the following data were collected for the selected non-
improved irrigation system: 1) mesqa command area according to the system design; 2) mesqa 
length; and 3) mesqa width over four cross section, representing the canal conditions.

The same data were collected for each marwa within the system and the average width was 
calculated and categorized based on command area. For the selected improved irrigation systems, 
the area gained was calculated as follows:

Mesqa and marwa lengths and command areas were collected from the system as-built drawings.

Area gained by mesqa is equal to the length of the improved mesqa multiplied by mesqa average 
width.

Area gained by each marwa is equal to the length of the improved marwa multiplied by marwa 
average width within the same category.

As = L * W

Where As = area of mesqa or marwa (m2), L = length of mesqa or marwa (m) and W = average width 
of mesqa or marwa (m).

The total gained area per irrigation system (m2) is obtained by summing the above calculated areas. 
The ratio between gained area and the total area is calculated as the following:

R = As/ At………………

Where R = the ratio between mesqa area and the total area (%), As = area of mesqa or marwa and 
At = total supplied area of the irrigation system (feddan).

The ratio can be translated into physical gain then – expressed in land size as the following:

Ag = (Ai * A) /100

Where Ag = Total area gained (feddan, ha), Ai= percentage of area improved, and A= total area 
involved into the improvement project in the Governorate.

In order to calculate the gained profit, the total gained land is assumed to be cropped in both 
seasons. Based on the average yield of each crop, the net profit per area is calculated, from which 
average net profit is derived. In order to calculate the increase of crop by area gained, the following 
estimation was carried out:
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Ci= Ag* Y

Where Ci = increasing of yield by increasing area gained, Ag = Total area gained (ha), and Y= crop 
yield per area.

Indirect land gain

Indirect land gain is calculated as the yield increase by estimated 20 percent in the areas previously 
affected by seepage from earth canals. The estimation was carried out as follows:

• The mean length of mesqa and marwa per feddan in each Governorate was calculated from 
the total length of mesqa multiplied by the mesqa supplied.

• The indirect land gain in the vicinity of the mesqa is 0.75 m parallel to the mesqa in its both 
sides, and 0.50 m parallel to the marwa in its both sides.

• The yield gain is calculated for the total area through increasing the yield by 20 per cent.

Findings

Overall area improved by the OFIDO project

Table 24 shows the ratio between gained area and the total area in each sampled mesqa considering 
that each marwa and mesqa are filled and cropped.

Table 24: Average ratio of area gained with mesqa for nine improved mesqa in three 
Governorates

Governorates 

Ratio of land gained with improved mesqas (%) Average 
 %

1 2 3 4 5 6 7 8 9

Assiut 2.02 3.67 0.72 2.94 4.65 1.1 2.64 3.17 0.87 2.42

Sohag 2.36 2.31 1.83 3.42 3.41 2.47 2.45 2.4 1.73 2.49

Kafr el-Sheikh 1.41 2.36 2.04 1.93 3.13 2.77 1.35 2.29 2.00 2.14

Average 1.93 2.78 1.53 2.76 3.73 2.11 2.14 2.62 1.53 2.35

 
Table 25 presents the conversion of average ratio of area gained to the total land gained for all 
improved area by the project.
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Table 25: Total land gained for all improved area by OFIDO project in the three  
Governorates

Governorates 

Total land gained for all area improved 

With filled-mesqa Without filled-mesqa20

Area (feddan) Area (hectare) Area (feddan) Area (hectare)

Assiut 51.93 21.81 41.42 17.40

Sohag 132.97 55.85 89.71 37.68

Kafr el-Sheikh 59.02 24.79 43.3 18.18

 
Figure 46: Total land gained for all improved area by OFIDO project in the three Gov-
ernorates

Yield increase

Direct land gain

Tables 26 and 27 display the average yield gain per newly cropped lands as results of improvement. 
Table 26 indicates the yield gain in the summer season, and Table 27 indicates the yield gain in the 
winter season. 

Table 26: The average gained yield in three Governorates for summer season  
Crop Maize Sorghum Fodder Cotton Rice

ton per 
fed

ton per 
ha

ton per 
fed

ton per 
ha

ton per 
fed

ton per 
ha

ton per 
fed

ton per 
ha

ton per 
fed

ton per 
ha

Assiut 1.90 4.53 2.14 5.09 44.51 105.9 ---- ---- ---- ---

Sohag 2.42 5.75 2.33 5.54 38.04 90.54 ---- --- ---- ---

Kafr 
el-Sheikh

2.55 6.07 ---- ---- ---- --- 1.09 2.61 3.40 8.10

Average 2.29 5.45 2.23 5.31 41.27 98.24 1.09 2.61 3.40 8.10
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Table 27: The average gained yield in three Governorates for winter season  
Crop Wheat Barseem Sugar beet Onion Potato Tomato 

ton 
per 
fed

ton 
per 
ha

ton per 
fed

ton per 
ha

ton 
per 
fed

ton 
per 
ha

ton 
per 
fed

ton 
per 
ha

ton 
per 
fed

ton 
per 
ha

ton 
per 
fed

ton  
per ha

Assiut 2.89 6.88 67.38 160.36 ---- ----- ---- ---- ---- --- 13.50 32.13

Sohag 2.57 6.12 67.38 160.36 ----- ----- 13.65 32.48 12.50 29.75 18.00 42.84

Kafr 
el-Sheikh

2.35 5.59 67.38 160.36 19.69 46.86 ---- ---- ---- ---- ---- ----

Average 2.6 6.19 67.38 160.36 19.69 46.86 13.65 32.48 12.50 29.75 15.75 37.48

 
Indirect land gain
Tables 28, 29, 30, and 31 display the yield increase per seasons by indirect land gained through 
reducing the seepage-affected areas. They indicate separately the yield increase per land gained by 
mesqa improvement and by marwa improvement. 

Table 28: Increased yield in total improved area by indirect land gained by mesqa 
improvement in summer season  

Crop 100% maize 100% sorghum 100% fodder 100% rice 100% cotton

ton per area ton per area ton per area ton per area ton per area

Assiut 5.33 6.00 125.25 ---- ----

Sohag 16.95 16.32 266.43 ---- ----

Kafr el-Sheikh 9.22 ---- ---- 12.29 3.94

 
Table 29: Increased yield in total improved area by indirect land gained by marwa 
improvement in summer season

Crop 100% maize 100% sorghum 100% fodder 100% rice 100% cotton

ton per area ton per area ton per area ton per area ton per area

Assiut 8.06 9.07 188.72 ---- ----

Sohag 25.53 24.58 401.32 ---- ----

Kafr el-Sheikh 13.90 ---- ---- 18.53 10.36
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Table 30: Increased yield in total improved area by indirect land gained by mesqa 
improvement in winter season

Crop 100 % wheat 100 % 
barseem

100% sugar 
beet

100 % onion 100 % potato 100 % tomato

ton per area ton per area ton per area ton per area ton per area ton per area

Assiut 8.13 189.61 ---- ---- ---- 37.99

Sohag 18.00 471.93 ---- 95.60 87.55 126.07

Kafr 
el-Sheikh

8.50 243.65 71.20 ---- ---- ----

 
Table 31: Increased yield in total improved area by indirect 
land gained by marwa improvement in winter season  

Crop 100 % wheat 100 % 
barseem

100% sugar 
beet

100 % onion 100 % potato 100 % tomato

ton per area ton per area ton per area ton per area ton per area ton per area

Assiut 12.25 285.69 ---- ---- ---- 57.24

Sohag 27.11 710.86 ---- 144.01 131.88 189.90

Kafr 
el-Sheikh

12.81 367.22 107.31 ---- ---- ----

 
Total profit for direct and indirect land gain

The scope behind the land gain assessment is to evaluate the potential profit increase for farmers. 
Table 32 systematically summarizes the land gain, yield increase and induced profit gain at 
Governorate and farm level.

Table 32: Summary of land and yield gains, and the calculated increased profit

Parameter Governorate

Assiut Sohag Kafr el-Sheikh

Total improved area, feddan 2146 5340 2758

Total gained area, % 2.42 2.49 2.14

Present price of the land per feddan, EGP 750 000 700 000 1 000 000

Increased the actual assets of farmer’s ownership, EGP 18 150 17 430 21 400

Expected cost of improvement implementation per feddan 
(present value), EGP

25 000 25 000 25 000

Percentage of the implementation cost covered by add assets, % 72.6 69.7 85.6

Total gained area, feddan 51.93 132.97 59.02
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Gained area without the mesqa, % 1.93 1.68 1.58

Gained area without the mesqa, feddan 41.42 89.71 43.30

Total indirect gained area affected around mesqa, % 0.66 0.66 0.66

Total indirect gained area affected around mesqa, feddan 14.07 35.02 18.08

Gained indirect area affected around marwas, % 0.99 0.99 0.99

Gained indirect area affected around marwas, feddan 21.20 52.75 27.25

Profit due to total gained area, in summer EGP 352 258 901 979 430 881

Profit due to total gained area, in winter EGP 549 253 1 418 291 480 029

Profit due to gained area without the mesqa, in summer EGP 280 965 608 532 316 090

Profit due to gained area without the mesqa, in winter EGP  439 742 956 869 352 173

Profit due to total indirect gained area affected around mesqa, in 
summer EGP

19 088 47 510 26 397

Profit due to total indirect gained area affected around mesqa, in 
winter EGP

29 875 74 706 29 410

Profit due to indirect gained area affected around marwas in 
summer, EGP

28 761 71 564 39 785

Profit due to indirect gained area affected around marwas, in 
winter EGP

45 015 112 528 44 326

Total profit land gain direct and indirect / fed/ year 477 481 381

Conclusions
Land gains from system improvement result in one of the most important economic gains for 
farmers, as it allows increase of total profits in the form of direct land gain, e.g. newly cropped 
areas of improved mesqas and marwas, or indirect land gain, e.g. crop yield increase in previously 
seepage-affected areas.

The direct land gain increased farmers’ actual assets. This added assets covers 69.7-85.6 percent 
of the total improvement cost. The land gains also increased the annual income of the farmers by 
381-482 EGP per feddan, which is a noticeable figure in the examined low-income communities. 
The Government of Egypt is planning to improve 5  000 000 feddan, which could correspond to 
100 000 feddan increased in the agriculture land due to land gain. It should be highlighted that 
no additional water is needed to irrigate the gained lands, since water saved from the improved 
efficiency is sufficient to supply the increased water requirement. Consequently, this added land 
contributes to narrowing the food gap and enhancing food security in Egypt.

The main recommendation stemming from above results clearly indicates the need to ensure the 
utilization of these areas. The Ministry of Agriculture and Land Reclamation should increase efforts 
to strengthen capacities and improve the awareness of farmers on the advantages of cropping 
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of the newly gained lands. Beyond the direct land gain, open canal-induced soil saturation is 
significantly lowered or completely eliminated after the improvement. This helps maintaining a 
good soil water balance, thus, increasing the productivity of previously marginal lands. However, 
farmers excavated the old open canals above the pipelines to convey excess water in many cases, 
as the field observations confirmed. This practice might result in underutilization of land gains. 
Therefore, advantages should be demonstrated to farmers in order to convince them about the 
farm-level economic gain of buried pipes.

Buried pipes also enable more efficient weeding practices and the entering of heavy machines into 
the lands. The filling of old canals helps farmers carrying-out land works to increase soil fertility 
and irrigation efficiency. Community-based land management should be promoted in order to 
maximize the profit of land filling.
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Farm-level cost-benefit analysis

Introduction and methodology
In spite of its large contribution to the overall national economy, agriculture is concentrated only on 
the three percent of the country’s total surface. This relatively small rate of endowment of natural 
resources forces producers to increase their outputs merely by improving efficiency. Agriculture 
in Egypt is still characterized by smallholder farming, usually based on traditional production 
methods. However, the small-scale farming and low profitability of crops limit their possibilities to 
improve production technology.

The analysis carried out under the technical assessment involved multiple approaches: 1) to assess 
the potential impact of the project on productivity and profitability, and 2) to estimate the project’s 
effect on water delivery service characterized by performance indicators. The scope of the analysis 
was to underpin possible pathways of strengthening the poverty-reducing impact of irrigation 
through evaluating the farm-level cost savings of irrigation improvement.

The sampling covered Assiut, Kafr el-Sheikh and Sohag – including the sampled mesqas, during 
two periods, from 18 August to 14 September 2019, and from 18 November to 28 November 
2019. The survey frame was designed and updated according to local conditions based on expert 
review. Farmers’ survey was finally compiled including 25 variables of three modules: general data, 
agricultural practices, and irrigation practices. The total size of sample is N=215 in the summer 
season and N=191 in the winter season. 81 percent of the total sample (N=406) reported a single-
income source, thereby implying that the household income of the majority of farmers derives only 
from agriculture. This conclusion underpins the importance of improving agricultural productivity 
and profitability to reduce poverty ratio at national level. As a first step, the sample was analyzed 
to determine whether it responds to the overall characteristics of the agricultural sector in Egypt: 
1) smallholder status, meaning farm size not larger than 2 hectare cropped land (equivalent to 
4.65 feddan), 2) mixed farming, meaning cropping and livestock in the same farm, and 3) type of 
crops fitting into the typical national cropping pattern. It was concluded that the sample fits well 
with the characteristics of the national agricultural sector. In order to assess the project, the study 
differentiates improved and non-improved farms.

Findings

Productivity and profitability analysis of the farming systems

As a first step, the yield productivity is analyzed considering the complete sample. The survey 
recorded farmers’ yield of the latest summer and winter agricultural seasons. The analysis is limited 
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to the main crops – presented also in the Water Productivity section, which make up the 90 
percent of the cropping pattern. The farmers’ willingness to change to cash crops was measured 
in the sampling period of winter season. Only five percent of the interviewed farmers reported a 
possible change after the system improvement, thus, indicating strong reluctance to transform the 
traditional cropping pattern. The crop summary analysis included the estimates of the differences 
between improved and non-improved farms in the following categories: yield (ton per feddan), 
fertilizers’ use (kg per feddan), mechanization, herbicide use (kg per feddan). 

Figure 47: Example of yield visual analysis: boxplot distribution of maize yields be-
tween improved and non-improved farming systems in the three Governorates

 
In the case of sorghum and wheat, the differences in mean are statistically significant at 10 percent 
significance level. The maize and sugarbeet have higher yields in non-improved systems, but the 
difference is statistically not significant. Furthermore, the rice producing farmers have higher yields 
in improved farming systems, but not statistically significant. 

Fertilizers’ use differs between improved and non-improved systems in the summer season, while 
its application shows no difference between the systems in the winter season. Farmers use relatively 
large amount of fertilizers compared to global level. They purchase subsidized fertilizers by the 
Government, however, black market still plays a substantial role in the supply chain. Although the 
price of the black market is more than 60 percent higher than the subsidized nitrogen-phosphorus-
potassium (NPK), half of the total applied fertilizer is from the black market. 
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The overall mechanization rate of the farmers is low, it does not reach 30 percent in any of the 
Governorates. According to farmers’ response, most of the land works are carried out manually and 
by animal power. In order to understand the low mechanization rate, a regressor of purchasing 
tractors was sought. The complete sample (N=406) is considered, and simple linear regression 
model is run including the following independent variables: land size, ownership, income and 
number of animals. It can be concluded that farmers with larger farms and more animals are more 
likely to purchase tractors. However, another problem is that the tractors in use are mostly outdated. 

Table 33: Relationship between mechanization and selected variables2

Mechanization Coef. Std. Err. t P>|t| [95% Conf. Interval]

Land size 0.0524447 0.0112835 4.65 0.000*** 0.0302626 .0746268

Ownership 0.0966337 0.0675569 1.43 0.153 -0.0361762 0.2294435

Income 0.024505 0.0403341 0.544 -0.5478 -0.0547878 0.1037978

No of animals 0.029904 0.029904 3.18 0.002* 0.011398 0.0484099

_cons -0.0577204 0.0732056 -0.79 0.431 -0.2016351 0.0861942

Herbicide use is similar between improved and non-improved mesqas. The average weed infestation 
is not significant according to the observations. 
Farmers that do not apply herbicides use manual 
weeding methods. Lately, farmers reported 
rapid infestation of trianthema portulacastrum 
in Sohag, which might have possible impact 
on declining maize yields in the investigated 
mesqas.

Yields widely differ amongst Governorates 
and system types; therefore, the analysis was 
undertaken on crop basis and 11 covariates’ 
effects were investigated (land size, number 
of irrigation turn, duration of irrigation, 
waterlogging occurrence, water scarcity 
perception, irrigation training, other training, 
mechanization, fertilizer use, herbicide use, 
distance from headwork):

• Maize: improved irrigation systems reached 
slightly higher maize yields in Kafr el-Sheikh 

2  Null hypothesis (H0) = there is no significant difference between the two samples. * corresponds to p ≤ 0.05, where 0.05 is the 
significance level of the probability value. *** corresponds to p ≤ 0.001, where 0.001 is the significance level of the probability 
value

Figure 48: Weed infestation reported in 
Sohag
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and Sohag at average 2.45 and 2.33 ton per feddan production level, while salinity proved to 
have severe yield-reducing impact in Assiut. The main differences between improved and 
non-improved maize-growing farms are the decreased number of irrigation turn, decreased 
duration of irrigation, high occurrence of waterlogging, higher mechanization rate, higher 
fertilizers’ use and further distance from pump stations. The unfavourable waterlogging is 
the results of salinity in areas without drain, and the lack of adjusted arrangement between 
WUAs and the MWRI to regularly clean drain outlets. The main drivers of crop productivity 
changes are identified from the variables: duration of irrigation in non-improved mesqas, 
irrigation training and fertilizer use with positive effect, and waterlogging and herbicide use 
with negative effect. 

• Sorghum: improved irrigation systems produce higher yields (average 2.45 ton per feddan) in 
Sohag. In contrary, reported salinity issue affected yields adversely in Assiut. The differences 
in production technology show larger land size, less irrigation turn, less duration of irrigation, 
higher occurrence of waterlogging and higher fertilization rate in improved irrigation system. 
Similarly, the waterlogging is due to salinity and institutional arrangement of drain cleaning. 
The main drivers of sorghum yield change are the duration of irrigation in non-improved 
mesqas with positive effect, and water scarcity due salinity-induced stress in root zones and 
distance from headworks with negative effect. 

• Rice: improved mesqas produce slightly higher yields at average 2.96 ton per feddan. The 
differences between rice producing farmers in improved and non-improved mesqas are 
the number of recipients of irrigation training, number of recipients of other agricultural 
production-related trainings, and the distance of their fields from headworks. Due to the 
special irrigation demand, rice is the only crop without differences in irrigation practices 
(number of irrigation turns and duration of irrigation) between improved and non-improved 
farms. Only the number of irrigation turn was identified as main driver of productivity 
increase. 

• Sugar beet: the average yield (20.7 ton per feddan) is not significantly different between 
improved and non-improved farms, but the range of productivity is wider in improved 
systems spanning over the maximum yield of non-improved farms. This means that improved 
irrigation systems hold high potential to increase the sugarbeet yields, despite the facts that 
the production technology is homogenous in both types of farms. The main driver of yield 
decrease is water scarcity, which can be tackled with more flexible irrigation system. 

Irrigation practices in change

Since agriculture in Egypt is completely dependent on irrigation water, providing reliable and 
constant water services is a crucial prerequisite of production. In order to complement the results 
and draw conclusions about the change in irrigation, revealing the major impacts of improvement 
on irrigation practices is essential. 
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Table 34: Comparison of irrigation practices between improved and non-improved 
farming systems3

  Non-improved Improved Total sample Differences p-value

Maize

Number of irrigation turn 10.113 8.7692 9.58 0.13 0.0037*

Duration of irrigation 4.2000 3.2100 3.8100 0.9900 0.000***

Sorghum

Number of irrigation turn 8.74 7.62 8.13 1.11 0.0007*

Duration of irrigation 4.58 3.24 3.84 1.34 0.000***

Forage

Number of irrigation turn 11.38 9.07 10.41 2.311 0.0445*

Duration of irrigation 4.58 3.24 3.89 1.34 0.000***

Rice

Number of irrigation turn 18.6 18.5 18.57 0.166 0.704

Duration of irrigation 2.15 2.18 2.17 -0.027 0.88

Wheat

Number of irrigation turn 5.93 5.73 5.82 0.2 0.463

Duration of irrigation 4.25 3.18 3.65 1.07 0.000***

Barseem

Number of irrigation turn 9.48 9.17 9.37 0.317 0.54

Duration of irrigation 4.34 2.96 3.59 1.38 0.000***

Sugarbeet

Number of irrigation turn 5.66 5.57 5.6 0.09 0.711

Duration of irrigation 2.86 2.96 2.92 -0.103 0.621

 

Table 34 shows statistical evidences that improvement has effect on both variables: number of 
irrigation turns and duration of irrigation. The system improvement has positive and significant 
effect on the number of irrigation turns and duration of irrigation at almost every crop in the 
summer season. Maize, sorghum and forage crops require less irrigation turns and shorter 

3  Null hypothesis (H0) = there is no significant difference between the two samples. * corresponds to p ≤ 0.05, where 0.05 is the 
significance level of the probability value. *** corresponds to p ≤ 0.001, where 0.001 is the significance level of the probability 
value
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duration in improved irrigation systems. Due to its special requirement, rice irrigation practices 
remain similar in improved and non-improved systems. The system improvement has positive and 
significant effect on the duration of irrigation of wheat and barseem in winter season. Since the 
irrigation turns are less frequent than in the summer season, the decrease of number of turns is 
not statistically significant. Furthermore, the sugarbeet irrigation practices remain similar in both 
improved and non-improved systems. Due to their long vegetation period, forage crops have the 
largest number and longest duration of irrigation. Disregarding rice, summer forage crops have the 
highest water consumption amongst crops.

Cost of irrigation: cost implication of energy sources

The overall goal of achieving full cost recovery is a common issue of every irrigation scheme. 
If irrigation development is expected to comply with pro-poor objectives, the cost of O&M is 
particularly important. Different types of irrigation fees were identified. The irrigation fee mapping 
differentiates the prevailing pricing mechanisms in improved and non-improved mesqas. The 
applied irrigation fees are heterogeneous in both improved and non-improved systems. Flat, area-
based, time-based and volume-based fees can be found in the irrigation service market. Pump 
owners and operators provide irrigation services to farmers based on pre-defined prices. 

One of the main objectives of creating single-lifting point irrigation system is to improve the 
economies of scale of irrigation. A comparative assessment was carried out to estimate the cost 
saving due to electricity use in the sampled mesqas. Based on the calculated water supply in the 
Water balance section, the cost of water supplied with electricity is compared to the cost of diesel. 
The calculation included the conveyance efficiency of the improved mesqas, since some of the 
mesqas have major losses due to pipe cracks. As previously illustrated, conveyance efficiencies are 
estimated based on pressure test, flow measurements and observations in improved system, and 
on discharge measurement and observations in non-improved mesqas.

In Assiut, the comparison confirms that system improvement has a significant potential to save 
energy costs. Comparing the diesel to non-subsidized energy costs, the saving is around 60 percent 
in both seasons depending on the mesqa size, the pump efficiency, the cropping pattern and 
irrigation practices of farmers (number of irrigation turn and duration of irrigation.). Considering on 
average nine irrigation turns in the summer season and six in the winter season, one irrigation turn 
costs between 15 to 20 EGP per feddan. However, irrigation fees largely exceed the actual energy 
costs, although the contractor’s warranty period is still on-going, thus, assuming no occurring repair 
cost. The average fee is 70 EGP per irrigation turn, which significantly increases the cost on farmers’ 
side. 

On-farm Irrigation Development in the Old Lands (OFIDO) - Technical assessment - Final report 
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Figure 49: Comparison of energy cost and actual irrigation fee (EGP in summer sea-
son) in Assiut

In Sohag, the improvement still has a significant impact on cost saving but the difference is smaller 
than in Assiut, declining to 45 and 50 percent in winter and summer season respectively. This is 
due to the fact that the cropping pattern and conveyance efficiency are different from the sampled 
mesqas in Assiut. Furthermore, the declined conveyance efficiency – reported in sections related 
to flow measurement and field observations – negatively affects the cost efficiency. Due to the 
poor O&M, the potential energy saving is not achieved. Considering in average nine irrigation 
turns in the summer season, the costs of irrigation turns range from 18 in Al Nahia No 3 to 27 EGP 
per feddan in El Shagara No 3, and from 21 to 29 EGP per feddan in the winter season. However, 
the applied irrigation fees are the extreme cases of uncontrolled pricing mechanism. Irrigation 
fees vary from 120 to 168 EGP per irrigation turn in the sampled mesqas. Although the warranty 
period is on-going, pump operators still need to recover some repair costs. Moreover, there is no 
clear agreement between the operators and the farmers on the basis of irrigation fees, since some 
operators charge extra costs beyond the irrigation fee to purchase accessories, and some operators 
are intended to include the O&M costs in the irrigation fee. 

Figure 50: Comparison of energy cost and actual irrigation fee (EGP in summer sea-
son) in Sohag 

The case of Kafr el-Sheikh differs from Upper-Egypt. The highly water-demanding rice is dominating 
in this Governorate during the summer season; therefore, improved energy efficiency has high 
potential to positively affect the cost of irrigation. Despite of the poor conditions of the pipes 
and the large water losses, the cost saving is significant, up to 61 percent in improved mesqas. 
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Maintenance and replacement of damaged pipes and hydrants would certainly help to further 
improve conveyance efficiency, thus, energy efficiency. The potential cost of irrigation with 
subsidized energy prices ranges from 12 to 14 EGP per feddan. Unlike in Upper-Egypt, the irrigation 
fees have more decent rates below the irrigation cost with diesel. 

Figure 51: Comparison of energy cost and actual irrigation fee (EGP in summer sea-
son) in Kafr el-Sheikh

Irrigation fee mapping underpinned the difference in pricing mechanism amongst the Governorates 
in Upper-Egypt and Lower-Egypt. According to field observations, pump operators in Kafr el-Sheikh 
calculate irrigation fees based on energy prices. As the systems in Kafr el-Sheikh case, one of the 
main advantages of the system improvement is the cost-efficiency. 

Farm profitability

Profitability is strongly interrelated with productivity, but also influenced by external factors. If 
farmers are able to enhance their market power to the extent that they become price-makers, they 
can increase their profitability. However, this is not the case of Egyptian farmers, who are often 
limited to domestic markets, cannot benefit from economies of scale, and whose crop selection is 
influenced by governmental incentives. 

Table 36: Profitability of main crops in summer season

Obs Mean price 
(EGP/ton)

Std. Dev. in 
price (EGP/ton)

Total cost 
(EGP/
feddan)

Total revenue 
(EGP/feddan)

Total profit (EGP/
feddan)

Maize 99 36 72 614.69 4 391 10 409 6 018

Sorghum 113 3 778 632.92 4 616 5 797 2 953

Rice 40 4 15 100.98 4 430 13 125 8 695

Wheat 140 3 573 428 8 327 13 600 5 273

Sugar beet 23 592 632.92 7 232 15 000 7 768

Onion - - - 16 185 27 000 10 815

Tomato - - - 16 185 32 000 15 510
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Price homogeneity considers the small market power of farmers, whereby farmers must apply 
alternative strategy to improve profitability. Transforming farms from staple crops to cash crops is 
a time-consuming process that implies different market uncertainties. Therefore, smallholders are 
willing to experiment with new crops only if benefits are well-demonstrated. On the other side, 
the majority of farmers have to lay aside part of their farms to produce forage for own animals. 
Therefore, the analysis aimed to estimate both direct and indirect benefits of irrigated agriculture. 
Firstly, the prices of main crops were analyzed. Then, validated cost-benefit analysis of main crops 
was complied with special focus on the cost structure according to different irrigation technologies 
and energy supplies. The indirect benefits are estimated through the analysis of livestock 
production in mixed farms. In order to illustrate the value of irrigated farming, two case studies of 
typical farms were investigated separately in Upper-Egypt and in the Delta.

Table 37: Income of irrigated agriculture in Upper-Egypt

Income source Profitability (EGP per unit) Unit Size of production Total income (EGP)

Maize  6 018  feddan  1.04  6 259 

Wheat  5 273  feddan  1.04  5 484 

Milk (3 animals)  30  kg  1 750  52 500 

Meat (3 animals)  3  animal  5 000  15 000 

Total profit  79 243 

Table 38: Income of irrigated agriculture in the Delta

Income source Profitability (EGP per unit) Unit Size of production Total income

Maize 6 018  feddan 0.68 4 062

Rice 8 695  feddan 0.68 5 869

Wheat 5 273  feddan 0.52 2 742

Sugar beet 7 768  feddan 0.52 4 039

Milk (2 animals) 20  kg 1 750 35 000

Meat (2 animals) 2  animal 5 000 10 000

Total profit 61 713

Considering only the crop production, farms with more diversified crop production can reach 
higher income. Through gradual change of cropping pattern to vegetables, the income from 
crop production could double without bearing high market risk. Irrigation improvement certainly 
provides a key advantage to farmers with cropping pattern change through more flexible water 
services. 
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Animal production has an important role in rural livelihoods, both in terms of household 
consumption and income. Moreover, unlike in many other countries, Egypt’s agro-climatic 
conditions do not allow pasturing. Still worse, forage trading would significantly increase the cost 
of livestock production. Therefore, livestock farming is strongly dependent on irrigated agriculture 
as forage is produced in the farming system. 

Improving the profitability of livestock through forage production and transferring cropping into 
vegetable production results in indirect benefits of production as well, such as women’s potential in 
food markets. Qualitative survey showed that women are highly present in agriculture in Egypt, but 
their role in supply-chain is mostly limited to the food processing and marketing activities.

Performance indicators of water service

In order to exploit the productivity and profitability potential of irrigation improvement, irrigation 
service must be strengthened along with the infrastructural development. Therefore, performance 
indicators were examined by comparing the service between improved and non-improved mesqas. 
The impact of improvement on performance was measured by assessing the same indicators of 
the RAP previously presented: flexibility, reliability, and equity. The analysis measures the increase 
of performance at farmer level between improved and non-improved mesqas in order to estimate 
the effect of improvement. The farmers’ summer dataset, including both groups of farmers from 
improved and non-improved mesqas, was included in the performance analysis. Each farmer 
scored the indicators individually, based on their perception about water service in 5-point Likert 
Scale (0-4). The analysis examines how these indicators vary according to the binary treatment 
of improvement (improved and non-improved systems). Average treatment effect is estimated 
by performing regression adjustment and propensity score matching, based on the covariates 
defined in the farmers’ survey. In order to ensure that the model is not violated, the model-adjusted 
difference in means is tested by summarizing the covariates after matching. Covariates are derived 
from the farmers’ survey. Two methods are applied: covariate balance summary and density 
analysis.

Table 39: Difference in means between improved and non-improved mesqas after 
matching

Covariate Standardized differences

Raw Matched

Land size (‘feddan’) -0.1342758 -0.2500588

Cropping (monocropping=’0’, multicropping= ‘1’) -0.4648309 0.0498114

Number of irrigation turns -0.1991992 -0.0788697

Duration of irrigation (‘hours’) -0.5817281 -0.0690991

Waterlogging (No=’0’, Yes= ‘1’) 0.4323226 -0.048412
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Water scarcity (No=’0’, Yes= ‘1’) -0.0928961 -0.297295

Irrigation training (No=’0’, Yes= ‘1’) 0.1723668 0.1376918

Other training (No=’0’, Yes= ‘1’) 0.1029339 -0.0598992

Mechanization (No=’0’, Yes= ‘1’) 0.2161211 -0.2529277

Herbicide use (kg) -0.145039 0.1407399

Ownership (Rent=’0’, Owner= ‘1’) -0.1289829 -0.3282099

Income (Agriculture secondary =’0’, Agriculture 
primary= ‘1’)

-0.0032157 0.0967929

Animal number 0.1097785 -0.1664331

Distance (m) 0.5364659 0.038803

Figure 52: Balance plot of psmatching (performed with STATA, .tebalance density)

As shown in Figure 52, a decent balance can be reached between the two groups, which allows 
modelling without violation. 
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Table 40: Difference in outcome variables according to regression adjustment and 
propensity score matching

Regression adjustment Propensity score matching

Reliability 0.6912056 0.744

Std. error 0.1310254 0.1066289

Flexibility 0.5539524 0.655814

Std. error 0.1484059 0.1133385

Equity 0.9073783 1.186047

Std. error 0.1645109 0.141683

 
To summarize, the model shows the increase of performance indicators that could be achieved if all 
farmers received water service from improved system. The results showed positive treatment effect 
of improvement. Improved system reached higher score of each performance indicator. However, 
results still show further development potential in case of reliability and flexibility, which already 
reached 0.7 and 0.65 performance increase respectively. Improvement has the greatest impact on 
equity. Improved system reached the highest increase by 1.18 point in terms of providing equity 
amongst users. The result of flexibility is influenced by the irrigation schedule based on fixed 
rotation, whereas farmers have little room to adjust irrigation supply to their demand. The result 
of reliability is affected by the irrigation failure due to energy shortcut and O&M issues. The results 
of equity present the highest level of impact from the improvement process, since improvement 
significantly shortened the water travel time and lowered the conveyance loss of downstream 
farmers, thus, decreased the exposure of downstream farmers to upstream activities.

Conclusions
Farmers in investigated areas are typically smallholders with little market-power, heavily subsidized, 
and low-profitability crops, and with single income from agriculture. Agriculture shares 100 percent 
of household income for most of the farmers, thus, underpinning the importance of improving 
agricultural productivity and profitability to reduce poverty ratio. Since farmers are constrained 
in extending their agricultural areas and to influence farm-gate prices, and, at the same time, are 
mostly under-resourced, increasing productivity is essential to improve profitability. Although 
improved irrigation system provides more flexible service to address field risks of cash-crop 
production, a negligible number of farmers (5 percent) decided to change from the traditional 
crops due to market uncertainties. 

Improvement evidently increased the yields, although more on-farm irrigation development could 
further exploit the potential of improved systems. Productivity increase is limited by a number of 
internal and external factors. Internal factors are, for example, the low mechanization of farmers 
(ranging from 13.6 to 27.4 percent amongst Governorates), lack of land levelling (involving only 37 
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percent of the farmers), fertilization practice, complete lack of amelioration techniques (involving 
only 4 percent of farmers) and other shortcomings of farm practices – described in the Water 
Productivity section. External factors are the increasing soil salinity, occurring weed, lack of drains, 
etc. Altogether, irrigation improvement has the potential to increase yields. However, irrigation 
alone is not sufficient to exploit this potential. Comprehensive package of on-farm optimal 
practices would be a certain asset to align previous production practices to current conditions 
brought by the improvement. Such package should put more emphasis on soil fertility, water 
distribution uniformity, weed infestation and on-demand water management.

Improvement had a significant positive impact on irrigation management practices: duration 
of irrigation and number of irrigation turns. With the exception of rice, the decrease of duration 
of irrigation is statistically significant in the summer season, as a result of the improvement. 
Changes in irrigation practices can be translated into significant cost saving from different aspects: 
decreased number of irrigation turns, shorter duration of irrigation, higher pump efficiency, and 
cheaper energy input. However, the potential cost saving is not yet achieved due to the currently 
high irrigation fees. 

The water-fee mapping identified extremely heterogeneous pricing mechanisms amongst and 
within the Governorates. It is found that the commonly applied irrigation fees – including or 
excluding maintenance works – are well-above the real-term operation costs in Upper-Egypt. The 
fees that include maintenance works can reach up to 170 EGP per irrigation turn in Sohag, while the 
same water service costs around 40 EGP per irrigation turn in Kafr el-Sheikh. As already confirmed 
by the RAP exercise conclusions, this high difference between real energy costs and irrigation fees 
can jeopardize the objectives of the project to provide reliable and affordable water services for 
smallholders since water-fees significantly influence the profitability of the crops. Optimizing prices, 
according to the cost of electricity, can save up to 35 000 EGP in an average mesqa size of 40 feddan. 
The profitability analysis confirmed that, ceiling of irrigation fees should be introduced to avoid 
over-charging. The irrigation fees should be based on O&M cost to tackle the unfair disadvantages 
of those farmers who suffer from the consequences of construction failures.

The cost difference between improved (subsidized electricity prices) and non-improved mesqas 
(diesel prices) ranges between 40 and 52 percent in the Governorates, meaning significant saving 
by the improvement. Decreased conveyance efficiency has adverse effect on energy costs of total 
water supply. The effect of broken pipes and items can result in up to 20 percent increase of energy 
cost. In order to maximize the financial benefits of the improvement, O&M must be carefully 
planned to ensure that benefits outweigh the operating costs.

The price homogeneity of the main crops refers to the farmers’ little market power. The profitability 
of the main crops remains low: maize profit is around 6  000 EGP per feddan, sorghum profit is 
around 3 000 EGP per feddan, rice profit is around 8 700 EGP per feddan, wheat profit is around 
5 200 EGP per feddan, and sugarbeet profit is around 7 800 EGP per feddan. Since farmers are price-
takers, cost structure should be optimized to improve profitability, in particular, the applied amount 
of fertilizers and irrigation fees require strong top-down supervision as the two are of critical costs.
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In the case of forage, the role of irrigation is transmitted into another sector. Forage production 
has special role in agriculture since it is substantial to maintain livestock farming. Usually, farmers 
produce forage on seven kirat (1  300 m2), averaging seven tons output per season. The scale of 
production indicates that production is for farm consumption of average three cows per farm. 
Farmers from improved mesqas reported higher productivity of barseem as the average five cuts 
per season increased to six, due to the irrigation improvement. It can, thus, be concluded that the 
improvement has plentiful indirect impacts on agricultural productivity. As an indirect impact, 
improving the profitability of livestock through forage production and transferring more lands to 
vegetable production could be transmitted into indirect benefits of production, such as women’s 
potential in food markets. Since dairy farming is more profitable in the case of processed products 
rather than the wholesale of raw milk, women have a key position in increasing the value of the 
supply-chain. Furthermore, empowering women with processing technology and knowledge can 
be fundamental to preserve the value of vegetables. 

In order to exploit the productivity and profitability potential of irrigation improvement, irrigation 
service must be improved along with the infrastructural development. Three out of four performance 
indicators are examined to measure the effect of improvement: flexibility, reliability and equity. 
The current design does not enable the control of flow, thus, this indicator was later eliminated. 
The improvement has positive treatment effect on flexibility, reliability and equity. The potential 
increase of reliability and flexibility are 0.7 and 0.65 point respectively in a scale ranging from 0 to 
4. Undoubtedly, improvement has the greatest impact on equity. Confirming the conclusions of the 
RAP exercise, the flexibility is influenced by the irrigation schedule based on fixed rotation, whereas 
farmers have little room to adjust irrigation supply to their demand. Adjusting irrigation schedule 
to real-time demand while providing capacity-building to farmers on both irrigation scheduling 
and crop water requirement could certainly further improve their satisfaction. The reliability is 
affected by the irrigation failure due to energy shortcut and O&M issues. Establishing O&M rules 
and full management responsibility transfer to farmers’ organization would help further improving 
the water service. Equity reached the highest increase after improvement. Improved mesqas 
reported higher equity by 1.18 in a scale ranging from 0 to 4. Beyond the shortened travel time, 
improvement enhanced equity through higher conveyance efficiency, higher delivered discharge 
in shorter time and the central pump stations.
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Return of investment

Introduction and methodology
Achieving full cost recovery is one of the major concerns of irrigation development projects. 
Although irrigation development has substantial gains such as increased productivity and 
efficiency, aggregate cost must not outweigh the benefits. This is particularly relevant to irrigation 
improvement projects, which mostly replace the already existing infrastructure, while do not entail 
new productive assets to extend the areas.

Costs incurred during the irrigation improvement can be categorized as the following: 1) 
investment cost as initial contribution from farmers to the implementation, 2) O&M costs including 
both fixed and variable costs of irrigation system management, and 3) shared costs involving those 
infrastructural developments shared amongst development units (mesqas), such as electricity 
access. A framework, applying disaggregating approaches, is established to draw lessons about 
financial viability of irrigation improvement. It is based on the scale of improvement unit (mesqa), 
considering the investment in pump station, pipes, hydrants and belonging accessories. It does not 
include the investment in energy access (transformers) and drain maintenance, as they are either 
collective investments (more mesqas together) or the responsibility of governmental authorities. 
Consequently, the management turnover of the complete irrigation system to farmers is not 
feasible.

The step-wise calculation takes into consideration the life-cycle cost (LCC) approach to quantify the 
costs incurred throughout the useful life. 

 
Where, LCC is the total cost incurring during (n) period (useful life of assets according to 
manufacturer and field observation) for (k) group of assets, CA is the capital investment, CM is the 
maintenance cost over time (t), CO is the operation cost over time (t), CR is the repair works, j is the 
probability of failure, p is the end-year of useful life, CF is the cost of failure (damages, repair cost, 
externalities, etc.), and i is the discount rate.
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Findings

Cost breakdown
Farmers were interviewed about the amount of investment contribution, but they showed severe 
misunderstanding about their financial liability. Even in Kafr el-Sheikh, where the improved systems 
have been operating for a long time, farmers have not started to pay the investment instalment. 
Further complication is the sudden drop of exchange rate of EGP against USD. As the currency 
started floating during the implementation period, its value dropped by almost 50 percent 
between 2016 and 2017. While facing this monetary hardship, it is still not clear who will bear the 
financial consequences of the currency devaluations.

Regarding the operating costs – including operation, maintenance and repair costs, a general 
paucity of timely data is a recurring issue. Due to the lack of functioning WUAs, there is no logging 
of occurring costs. If pump operators need to pay any expenses or purchase spare parts, they call 
the farmers for a meeting, and they report about the costs or collect more money from farmers. 

The shared costs amongst different mesqas proved to be extremely sensitive in terms of financial 
responsibility. The collective costs such as energy supply, branch canal or drains require strong 
collaboration from the governmental authorities. WUAs’ leaders reported positive response and fast 
acting from the governmental authorities, which helped them to avoid a complete service failure. 
Therefore, these public remit costs are rather considered as pre-conditions of system functionality 
than farmers’ financial responsibility. 

O&M-based irrigation fee

The irrigation fee is calculated from the O&M costs occurring during the useful life (based on 
Egyptian Code for Water Supply). The reference mesqas were taken from Kafr el-Sheikh, where pump 
stations have been operating for years. Table 41 shows only the fixed costs of O&M activities of a 
reference irrigation system during its useful life. The fixed costs are independent from the size of the 
mesqa; they occur regardless of the volume of operation, if the manufacturer’s recommendations 
about intended use are respected. They include the wage of the pump operator, both regular and 
ad-hoc maintenance works and the major repair works to ensure the level of service.

Table 41: Fixed costs of O&M activities of the reference irrigation system during  
useful life

O&M activities Annual fixed costs (EGP)

Operation cost (labour) 12 000

Maintenance works 12 000

Repair costs 4 250

Fixed O&M cost 28 250
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The total fixed costs are estimated at annual 28 250 EGP per irrigation system. However, the repair 
costs occur as one-off costs in reality. As variable O&M costs, average 320 EGP energy cost is added 
to the overall O&M activities. In order to stay within the threshold of financial viability, the minimum 
recommended mesqa size per improved irrigation system is set at 35 feddan. As the majority of 
O&M costs are fixed costs, the unit cost can be improved by the increased size of the mesqas. If 15 
irrigation turns are assumed on average per two irrigation seasons, the overall costs range between 
48 and 75 EGP per irrigation turn per feddan. This price level is below the identified irrigation fees 
in non-improved systems.

Table 42: Unit cost of O&M

Unit cost of O&M (EGP) Unit cost per annum Unit cost per irrigation 
turn

Fixed O&M cost per system 28 250

Variable O&M (energy) cost per feddan 320 22

Cost per feddan – Minimum mesqa size (35 feddan) 807 75.14

Cost per feddan - Average mesqa size (45 feddan) 628 63.19

Cost per feddan - Large mesqa size (70 feddan) 404 48.24

 
O&M-based pricing results in decent level of irrigation fee that can ensure the financial sustainability 
of the irrigation systems without risking the profitability of crop production. However, the current 
calculation does not include the high-risk events, when an immediate intervention is required 
to avoid a complete system failure such as stealing of pumps, damage of main distribution pipe, 
etc. Although farmers are or will be responsible to operate and maintain the system, they do not 
have the financial background for troubleshooting the costly repair works. Therefore, it is desirable 
to revise the concept of full IMT in the project design while reassessing farmers’ capacity to bear 
financial responsibility. 

Investment returns

The amount of capital investment (CA) per one mesqa could not be obtained from field. Therefore, 
reference market prices were used to calculate the total investment. The total cost of a mesqa 
supplying 35 feddan is estimated around 724 000 EGP (45 250 USD), equivalent to 20 686 EGP per 
feddan (1 292 USD). The investment return is calculated for 15 years in order to be consistent with 
the useful life of the irrigation system. The clarification of the farmers’ contribution is particularly 
critical in mesqas that have been operating for years. If the financial liability spans over and beyond 
the useful life, farmers are exposed to pay the instalment even if the system suffers from severe 
functionality loss. The calculation of the return seeks to identify the main factors influencing the 
return, and how the irrigation improvement can be more profitable to promote further AWM 
investment. The calculation was scaled at mesqa level with the following attributes:
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• The return is calculated for the minimum recommended size mesqa supplying 35 feddan 
– excluding the forage producing lands. The total investment is the estimated 724 000 EGP, 
which includes the system parts under farmers’ responsibility. The total investment cost is 
covered from interest-free loan. 

• The calculation considers only the direct costs and revenues of the two seasons per year, 
therefore forage and animal production is excluded. Furthermore, the calculation builds on 
traditional cropping pattern: maize and wheat rotation (applicable to all Governorates).

• The total costs include both fixed and variable O&M costs of the irrigation system (labour, 
energy, maintenance, repair costs), and both fixed and variable costs of crop production.

• Since the irrigation systems does not generate other incomes, the total revenues include 
only the income of crop production. However, the governmental price guarantee for staple 
crops has a major importance to maintain profitability. Further changes in the current subsidy 
policies might have serious effects on the investment returns.

• The depreciation rates per system parts are recommended by the Egyptian Code for water 
supply. The defined values reflect well on the field situation since the major parts of the 
irrigation systems can meet the expected lifespan if farmers respect the intended use and do 
not modify the design heavily.

• The hereby considered inflation rate does not include the extreme values of the years 2016-
2017 since the floating exchange rates have severe impact on the return on investment. 
This would lead to a distortion in the interpretation of results. Thus, effective governmental 
strategies to alleviate fiscal risks of livelihood-improving projects are highly recommended.

Indicators of return

Discounted Payback Period (DPP) is calculated to estimate the period of time required to reach the 
break-even point of investment in mesqa improvement. The DPP of the improvement of mesqa is 
estimated at 4.2 years, when the cumulative total cash flow exceeds the investment cost. According 
to the DPP, the investment provides medium term return. Since the DPP is less than the useful time, 
the investment is sustainable.

Figure 53: Discounted payback period of the irrigation improvement in average size 
mesqa
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The Net Present Value (NPV) is the series of cash flow based on defined discount rate. The total 
estimated NPV for 15 years period is 8 989 thousand EGP.

Figure 54: Net Present Value of irrigation improvement over 15 a years’ period

From the NPV, annualized Internal Rate of Return (IRR) is estimated at 43.4 percent.

According to the investment return indicators, the irrigation improvement at mesqa level has high 
potential for high financial performance. In order to reach the maximum return, precautionary 
measures are strongly recommended at both farmer and governmental levels.

Conclusions
Achieving full cost recovery is one of the major concerns of the irrigation development projects. 
Expected impacts and outputs are often over-estimated in terms of productivity, efficiency and 
profitability increase. This is particularly relevant to improvement projects, which mostly replace 
the already existing infrastructure, while do not entail new productive assets to extend the areas. 
Therefore, returns must be carefully evaluated.

Farmers were interviewed about the amount of investment contribution, but they showed 
severe misunderstanding about their financial liability to pay back the improvement cost. 
Furthermore, the monetary hardship due to currency devaluation led to financial consequences 
over the implementation periods. Farmers’ financial liability should be clarified while aligning 
official payback period to the useful life of the irrigation assets (15 years from commissioning). 
Otherwise, required payback beyond the useful life might jeopardize farmers’ liquidity. In addition, 
intended use of irrigation assets should be enforced through WUAs in order to ensure the operation 
at maximum efficiency during the useful lifetime. 

General paucity of timely O&M data is a recurring issue due to the lack of functioning WUAs. The 
condition of irrigation system has major effect on the incurring O&M costs. In order to ensure the 
level of service, asset management protocol should be constructed for farmers to regularly monitor 
the condition and performance of the system. Context-tailored asset management system should 
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be operated by central-unit, responsible for the monitoring and the analysis of data provided by 
farmers. 

The responsibility over shared investment costs is unsure as also underpinned during the RAP 
exercise. Therefore, the investment return analysis did not include them. The costs shared between 
multiple mesqas (e.g. transformer, access to electricity etc.) are either collective investments (more 
mesqas together) or the responsibility of governmental authorities. Farmers’ responsibility should 
be limited to the mesqa level infrastructure as large repair works (electricity grid, drain profiling, 
etc.) are beyond their financial capacity. Therefore, the scale of responsibility turnover should be 
defined only for the direct irrigation infrastructure (from pump station to hydrants) in order to avoid 
major service failures. 

The recommended irrigation fee ceiling should be based on O&M costs in order to preserve crop 
profitability. Since the majority of O&M activities represent fixed costs, increased mesqa size 
improves the economies of scale. In order to stay within the farming profitability threshold, the 
minimum recommended mesqa size per improved irrigation system should be 35 feddan. However, 
many of the mesqas supply less than the recommended size. This leads to major increase in unit 
O&M costs. Furthermore, some mesqas are diminishing due to the farmers’ dissatisfaction, such as 
the case of Al Shagara No 3, where actual irrigated land is 25 feddan from the original 70 feddan 
design size. WUAs should be aware of the importance of maintaining the minimum size to ensure 
financial sustainability both at system and farm-level. 

The investment return largely depends on the profitability of the crops. Since most of the crops 
have guaranteed prices that are above the real market prices, the agricultural subsidy policy should 
be in line with the expected return on investment. Any significant reduction in guaranteed prices 
might lead to the prolongation of return. As an exit strategy of guaranteed prices, promotion and 
market stabilization of fruits and vegetable is a viable pathway to ensure the mid-term return. 

According to the investment return indicators, the irrigation improvement at mesqa level has 
high potential to achieve high financial performance. The estimated discounted payback period 
is 4.2 years, indicating a middle-term investment return, the net present value for 15 years is 8.9 
million EGP, while the financial internal rate of return is 43.42 percent, if intended use of irrigation 
equipment is respected.
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Assessment of water 
productivity

Water productivity analysis applied AquaCrop, yield-response simulation model to draw conclusions 
and recommendations on improving both yield and ET water productivity (WPET) of main crops.

With regards to yield increase, near-optimal field management conditions can be achieved by 
tuning the fertilizer applications to the biomass production, by the use of an optimal quality 
of seeds, and by the full control of pests, diseases and weeds. This conclusion emphasizes the 
importance of agricultural inputs as well on-farm practices, beyond water, in achieiving near-
optimal field management conditions. Already high yielding rice can be further improved by 15 
percent through using high yielding cultivar, and high yielding wheat can be further enhanced by 
10 percent only by adaptation of modern technologies. Yields of cottoncan be improved by 10 to 30 
percent, maize by 30 to 50 percent, sorghum by 100 percent, and sugar beet by 20 percent through 
applying near-optimal field management including the combination of proper weed management, 
high yielding cultivar, in addition to soil salinity control measures. Tomato productivity can reach 
145 ton per ha through implementing near-optimal field conditions and soil salinity control 
measures.

Conclusions stemming from the simulations show that WPET can increase by implementing a near-
optimal field management, the application of mulches, and cultivating higher yielding cultivars. 
In the case of crops with good or high WPET, improvement of field management to near-optimal 
conditions can achieve an increase by 5 to 15 percent. However, WPET of wheat can increase by 25 
percent, also, it can be increased by up to 40-60 percent in case of sorghum. WPET can be improved 
through reducing soil evaporation by applying mulching. Organic plant materials can reduce soil 
evaporation by about 50 percent, consequently, mulching with near-optimal field management 
can increase WPET by 10 percent. Furthermore, WPET can be doubled through enhanced Harvest 
Index by replacing the low yielding maize cultivar in Assiut and Sohag with a more performing 
cultivar under near-optimal field conditions.

The assessment investigated the possibility to introduce deficit irrigation to improve WPET. Three 
main limiting factors were identified: sufficient land is available for irrigation, the building-up of 
salts in the soil profile is under control, and farmers can accept some yield reduction per unit of 
land. The current observed over-irrigation is sufficient to flush continuously accumulated salts 
out of the root zone. However, applying less water than required, might result in building-up too 
much salts in the root zone. Deficit irrigation, therefore, should be further investigated in order to 
recommend it in the region.
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Appraisal of system 
performance - pressure test

Pressure test was introduced to assess the efficiency of improved mesqas. The conducted pressure 
test followed the procedure used by the NPCU, and it could be performed even with its high 
permissible pressure reduction (10 percent of the test pressure within 30 minutes) due to the 
difficult working environment and the limited time allowed by the farmers to execute the work. 

Highly performing types of rubber seals manufactured in certified factories by the Egyptian 
Authority for Specifications and Quality are recommended, as well as the employment of silicone 
seals. 

In addition, new specifications, to discourage any welded accessories and state the necessity of 
using a sand layer around the pipe when refilling the pipe trench, are highly recommended. These 
new technical specifications can minimize the leakage and guarantee the conveyance efficiency; 
counteract causes of pipe breaks; minimize the maintenance cost to be paid by farmers after the 
completion of the guarantee period, resulting in an increase of farmers’ profits.

However, complete replacement is recommended, as poor conditions of hydrants in Kafr el-Sheikh 
resulted in the decrease of the conveyance efficiency; the increase of maintenance costs; and the 
decrease of farmers’ profit. 

Finally, pressure test is recommended be considered as part of the final handover procedure to 
avoid decreased conveyance efficiency.
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Appraisal of system 
performance - flow 
measurement

Flow measurements were conducted in both improved and non-improved mesqas to further 
assess the system efficiency and to define the underlying factors of deficiencies. Due to the lack of 
measurement devices either in improved and non-improved mesqas, assessment introduced flow 
measurement techniques to acquire data for further analysis of both improved and non-improved 
mesqas.

Results showed that pumps – fed from branch canal – have generally sufficient capacity to 
supply the required water discharge in improved mesqas. Despite they operate according to their 
performance curves, the pump efficiency is low. Also, the pump performance and its capacity 
might be affected when connected to a shallow groundwater well. Pump selection studies, based 
on accurate field data while using hydraulic models, in the selection process is recommended. 
Furthermore, it is advisable to compile a list of branch canals suffering from low water level and 
affecting the pumps’ performance for a follow up in canals’ rehabilitation.

For further performance improvement, it is essential to construct a trash screen at the pump station 
entrance from the branch canal. It was also concluded that the capacity of the butterfly valves and 
hydrants is sufficient to pass the discharge, even at lower than the design pressure. However, the 
performance of the pipe system is heterogeneous, and the delivered discharge is not equal within 
the system. This is mainly due to the poor pipe quality and manufactured fittings (in Sohag), and 
due to the hydrant failure (in Kafr el-Sheikh). With higher lengths of marwas, the probability of 
decreasing performance increases; therefore, long marwas – beyond 500 m – should be designed 
accurately. 

Based on the analysis of non-improved mesqas, the high rate of water loss measured in relatively 
short reaches of traditional earth marwas together with issues such as severe inequity between 
upstream and downstream farmers, longer water travel time due to the inflexibility of canal 
conveyance, and maintenance issues (weeding) prove the high benefits and importance of 
irrigation improvement.
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Appraisal of system 
performance - Rapid Appraisal 
Procedure

The applied Rapid Appraisal Procedure (RAP) established a baseline to evaluate the water delivery 
service through the following dimensions: quantity, flexibility, reliability and equity. All necessary 
data was collected and analysed in the following structure: water balance between water demand 
and supply, organization and institutions of water management and water delivery service.

Water balance

The Assessment proved that the water supply at system level is sufficient to meet the crop water 
requirement, although farmers often have the wrong perception about water scarcity. Therefore, 
capacity-building at farmers’ level though mechanisms such effective extension service is required 
to increase farmers’ understanding about water supply and demand (crop water requirement). Also, 
improved systems proved to perform highly accurate water balance between supply and demand 
(crop water requirement), reaching up to 98 percent. The system improvement, thus, resulted in 
considerable water gain (15 to 45 percent efficiency increase at system level), which is attributed 
to the more precise water control, equal water travel time within the mesqa, and better estimation 
of applied irrigation water.

The results about equity correspond to the conclusions of flow measurements. The sufficient water 
supply at system-level does not necessarily guarantee the equal distribution within systems. The 
improved irrigation systems enhanced the equity amongst farmers as downstream farms receive 
the same amount of water if the operation of hydrants is appropriate, for example, no more than 
two hydrants are operated simultaneously. In order to maximize the equity amongst users, different 
hydrant combination should be demonstrated to operators to evidently understand the behaviour 
of their systems.

The assessment put special focus on on-farm irrigation practices in order to demonstrate the 
impact of the improvement. In first step, it was concluded that new land management practices 
are required to improve soil-water balance such as soil amelioration, land levelling, seed-bed 
preparation, management of impermeable layers, well-shaped contour bunds and furrows 
contributing to the uniformity/application efficiency. Furthermore, on-farm improvement can be 
achieved through capacity-building on crop yield responses demonstrating the yield interaction 
with different farming practices and inputs. The assessment emphasized the need of equipping 



On-farm Irrigation Development in the Old Lands (OFIDO) - Technical assessment - Final report 128

WUAs or communities of WUAs with basic equipment to carry-out necessary land works, such 
as tractors, ridgers, excavators, portable ploughing, weeding machine and cultivator. Also, the 
assessment recommended more effective water control to exploit the potential of pressurized 
irrigation systems at pump and hydrant levels. In order to reach better control, inexpensive 
methods such as portable soil moisture sensors can help farmers optimally schedule irrigation even 
in multi- and double-cropping systems.

The assessment raised the attention to the lack of high-performing drainage systems to convey 
excess water. Applying equal water to required irrigation depth is the only safe way to avoid salinity 
and other soil fertility losses in mesqas without drains. Therefore, provision of drains is recommended 
in Upper Egypt – preferably with sub-surface drainage system to prevent salinity and the leaching 
of agrochemical into groundwater. Due to the frequent use of shallow groundwater, the assessment 
recommended the introduction of salinity, PH of soil and groundwater monitoring to lower the risk. 
Furthermore, groundwater monitoring and control should be carried out in Upper-Egypt to avoid 
the misuse of this source. Monitoring devices such as soil moisture sensor, flow meter in the pump 
station, lysimeter, ET climate station and groundwater sensors are recommended to be deployed to 
ensure the community-centred monitoring, in order to build farmers’ resilience to extreme climatic 
events and to preserve land and water resources.

Organizations and institutions

The results of the technical assessment confirmed that clearer definition of responsibilities 
in the application of the law appears to be the most urgent improvement needed for a full 
implementation. Even where WUAs are officially established and registered, which represents the 
majority of observed cases, farmers did not show full awareness of the responsibilities associated 
with the transfer process. Beyond the legal considerations, fragile institutional development has 
consequences on financial sustainability at mesqa level, as the operation mechanism is yet inherited 
from the traditional mesqa management. Furthermore, capacity-building is recommended for 
WUA members to acquire skills on planning, organizational management and business modelling, 
including financial planning. In addition, ceiling of irrigation fees – preferably O&M-based fees – 
should be defined at higher-authority level to avoid exaggerated pricing.

Although the legal environment gives framework for the WUAs, the real-term implementation is not 
sufficiently supervised to help farmers understanding their rights and liabilities. The concerns about 
the responsibilities not only result in mismanagement of O&M works but in reduced capabilities of 
WUAs to respond in emergency situation. Distinct definition of property right, right of use and right 
of water and its description to farmers need careful revision in order to avoid the appropriation of 
equipment. As the authority of WUAs is limited to the command area from pump station to drains, 
coordination with further levels (branch canal, drain) is necessary to avoid failures.

With regards to the management roles, somewhat slow definition is often also linked to the 
missed provision of handover processes between public institutions and WUAs. At current stage, 
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the concept of Participatory Irrigation Management appears to be more feasible strategy than full 
irrigation management transfer. This means that partial governmental support is still necessary to 
help gradual transfer of management. Amongst all, responsibility transfer of maintenance works 
paints the most confusing picture from the four management dimensions (organizational tasks, 
water distribution, operation and maintenance). Nevertheless, if timely maintenance is not carried 
out, this may result in significant negative impact on system functionality. WUAs should be provided 
with proper guidance and equipped with necessary devices to carry-out routine maintenance and 
repair works. Furthermore, pump operators need to acquire proper knowledge about the necessary 
maintenance of electric pumps. These, together, might clarify the misconception of sharing 
maintenance works with farmers, and help planning the related activities.

Water delivery service

The service quality delivered amongst different management layers has been appraised through 
five major indicators: water delivery service, pumping station, mesqa distribution pipelines, 
marwa distribution pipelines, and social order. As result, the assessment highlighted considerable 
heterogeneity with the performance of the pressurized irrigation systems across the sampled areas. 
It is evident that mesqas in Assiut show slightly better performance than mesqas in Sohag and in 
Kafr el-Sheikh over all of the dimensions.

The water delivery service – incorporating the assessment of flexibility, reliability, equity and 
control of flow – is scored to the lowest amongst the indicators and across the largest majority of 
the mesqas. Flexibility, reliability and apparent equity reached medium score, but the absence of 
flow measurement devices decreases the overall value of composite indicators. The flexibility of the 
system remained limited due to the rigid rotation at branch canal level. The overall reliability and 
within-system equity of the irrigation service have increased, but the improvement process has 
further unexploited potentials. Consequent distributional issues are still occurring due to four main 
reasons: (1) inadequate knowledge on real water demand, (2) lack of well-established irrigation 
schedule, (3) lack of effective control over water distribution amongst mesqas, and (4) incomplete 
management transfer to farmers.

Pumping stations and distribution category appeared to be is the best performing indicator. 
However, some of the stations in Kafr el-Sheikh require further improvement in terms of 
maintenance work in order to preserve the functionality and extend the forecasted lifespan of the 
structures.

Mesqa distribution pipelines indicators reached medium to high score in all analyzed mesqas in 
Assiut and Sohag; except one mesqa, where onsite welding of the pipefitting between the mesqa 
pipes and the riser to the butterfly valves require further rehabilitation/improvement. In Kafr 
el-Sheikh, the mesqas appeared to under-perform due to the manufacturing of pipefitting.
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Marwa distribution pipelines indicators also reached medium to high score in all analyzed mesqas 
in Assiut and Sohag, except in one mesqa. Similar to the mesqa pipelines, same flaws with fitting 
appeared in marwa distribution pipelines. Also, some mesqas achieved extremely low scores due to 
the poor condition of the hydrants in Kafr el-Sheikh, which require complete replacement.

The social order indicator reached low to medium score in all analyzed mesqas. The lack of legally 
established WUAs and skilled staff lead to disorder and incomplete O&M responsibility transfers. 
In addition, the lack of sound organizational background to operate the pressurized systems 
might adversely affect the sustainability objectives. Organizational development needs further 
improvement for sustainability and economic objectives:

• O&M of pressurized system: the complexity of such systems requires more capacity-building. 
Local expertise has not yet been acquired to ensure the maximum lifespan of pump systems.

• Financial sustainability: the current management mechanisms have not yet been evolved into 
self-financing organizations (WUAs), which may jeopardize the cost recovery plan.
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Appraisal of system 
performance - field 
observations

Field observation was conducted based on experts’ judgement to reveal the underlying causes of 
possible underperformance. 

The technical assessment lined up the following observations:

• The high rate of water loss measured in relatively short reaches of non-improved mesqas was 
confirmed with flow measurement, as well as maintenance issues related to weeding. This 
endorses the considerable benefits of the improvement project.

• Many farmers do not benefit from the potential land gain resulted from improvement, as 
old earth mesqas and marwas remain unfilled, operating as drains. Benefits from land gain 
should be further demonstrated to convince farmers about its additional land use.

• Pumps are working according to their characteristic curves, thus, following their purchased 
specifications. In improved mesqas, pumps are generally supplied with the required water 
discharge, but at low efficiency. Confirming the conclusions of flow measurement, unreliable 
pump selection is considered one of the main reasons behind the low pump operation 
efficiency. 

• The construction of pumping stations needs careful attention in terms of location and 
equipment to increase pump efficiency and to enable regular maintenance. In some cases, 
the level of pump station intake from the branch canal is higher than recommended. In 
lack of trash screens and isolating gates, the sump of the pump station is not accessible for 
maintenance.

• Measuring flow and pressure is a necessary prerequisite to improve the system performance, 
therefore, every pumping station should be equipped with a pressure gauge with automatic 
control pressure sensor to shutoff the pumps in case of a higher pressure than two bars. 
Furthermore, pump stations should be equipped with flowmeters.

• Groundwater wells provide supplementary water amount in most of the mesqas in Assiut and 
Sohag. In mesqas suffering from unreliable water withdrawal, farmers install groundwater 
wells and sale additional water services.

• Water withdrawal is often disrupted due to external conditions such as power failure, 
therefore back-up pumps with alternative energy source are necessary to cover the electricity 
failure. Renewable energy use could be an option and can be piloted to assess their feasibility.
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• According to system design, capacity of the butterfly valves and hydrants is high enough 
to supply the required discharges, even when the pressure is below the design one, but 
the performance of the pipe system is heterogeneous due to poor material quality, welded 
fittings, poorly performing hydrants and design flaws in longer than 500 m marwas. 
Consequently, the delivered discharge is not equal within the system.

• The functionality and lifespan of the improved systems are affected by some in-built 
equipment and items. In some cases, welded pieces of pipes are not resistant enough 
to carry earth pressure and potential pressure of heavy machines. Butterfly valves have 
sufficient capacity, but installation must be adequately supervised to avoid leaking. In some 
cases, air valves are lower than butterfly valves, thereby decreasing their performance. In 
Kafr el-Sheikh, the hydrants are the main flaws of system performance due to inappropriate 
design and manufacturing. In Sohag and Kafr el-Sheikh, the rubber’ seals are outdated and of 
poor quality, resulting in significant leakage. Despite all, no routine inspection is carried out 
to reveal possible deficiencies.

 
The field observations reinforced the conclusions that the sustainability of the improvement 
work could be jeopardized by farmers’ limited knowledge about the operation and maintenance 
of pressurized irrigation systems. It is, thus, recommended that O&M guidelines be provided 
to operators, that evwentualy can be converted into centralized asset management system at 
Governorate level in order to allow early-intervention and increase the expected lifespan of the 
assets.
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Appraisal of system 
performance - hydraulic 
modelling

Hydraulic modelling, as a planning tool to ensure a reliable and equitable water distribution in 
pressurized systems, was carried out. Since hydrants are not equipped with flowmeters, hydraulic 
modelling helps estimating the amount of supplied water at different combination of hydrants’ 
operation. 

Recommendations stemming from the assessment refer to both the management and system 
levels, as the following:

• Management level: it is recommended to establish a consistent irrigation schedule that takes 
into account farmers’ demand, crop water requirements, and system constraints. 

• To reduce system inequities of water discharge, rotational shifts must be scheduled in a 
symmetric way with respect to the pumping station.

• To increase equity of discharges, hydrants close to each other must be opened simultaneously.

• Higher pump efficiency corresponds to a lower energy consumption, therefore, a technical 
assessment of the pumping unit as a whole, including the delivery head, is always necessary. 
Maintaining sufficient delivery head consistently increases pump efficiency, up to 85 percent, 
thereby, reducing energy consumption. In turn, lower energy uses not only decrease 
irrigation costs but also increase the pump lifetime by reducing the occurrence of cavitation 
caused by high suction velocity.

• Further assessment to evaluate the mechanical flaws of the pumping units and avoid higher-
than-standard energy consumption – as presented previously – would substantially support 
performance improvement. Management rules should be defined in order to overcome 
detected deficiencies.

• System level: In order to obtain optimal system design to increase reliability and equity:

• The distance from the pumping station significantly affects the required pressure. In the case 
of hydrants located far from the station, the pressure requirements increase due to the head 
losses, thus, decreasing pump efficiency.

• System characteristic curves offer optimum solutions to operate close-to-optimal-efficiency 
pumps. Using different categories of pumps and fitting pressure curves would substantially 
enhance the system performance.

• The installation of flow regulators provides constant hydrants’ discharge, thus, resulting in an 
overall improvement of the system’s equity.
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Farm-level land gain evaluation

Land gain from system improvement result in one of the most important economic gains for 
farmers, as it allows increase of total profits in the form of direct gain (newly cropped areas of 
improved mesqas and marwas) or indirect gain (crop yield increase in previously seepage-affected 
areas). Therefore, direct gains were assessed in terms of productive land size, productivity, and 
profitability.

The direct land gain increased farmers’ actual assets. These added assets cover 70-85 percent 
of the total improvement cost and can significantly increase the annual income of farmers. The 
Government of Egypt is planning to improve 5 000 000 feddan, which could correspond to 100 000 
feddan increased in agricultural land due to land gain, which can still be irrigated from the water 
saved through improved efficiency.

The main recommendation stemming from the above results clearly indicates the need to ensure 
the utilization of these gained areas. The Ministry of Agriculture and Land Reclamation (MALR) 
should increase efforts to strengthen capacities and improve farmers’ awareness on the advantages 
of cropping of the newly gained lands. Beyond the direct land gain, open canal-induced soil 
saturation is significantly lowered or completely eliminated after the improvement. Despite the 
gains, observations showed that farmers excavated the old open canals above the pipelines to 
convey excess water in many cases. This practice might result in underutilization of land gains. 
Therefore, advantages should be demonstrated to farmers in order to convince them about the 
farm-level economic gain of buried pipes.

Buried pipes also enable more efficient weeding practices and the entering of heavy machines into 
the lands. The filling of old canals helps farmers carrying-out land works to increase soil fertility 
and irrigation efficiency. Community-based land management should be promoted in order to 
maximize the profit of land filling.
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Farm-level cost-benefit analysis

Farmers in investigated areas are typically smallholders with little market-power, heavily subsidized, 
with low-profitability crops, and with single income from agriculture. Agriculture shares 100 
percent of household income for most of the farmers, therefore, conclusions and recommendations 
on agricultural productivity and profitability are vitally important.

Improvement evidently increased the yields, although more on-farm irrigation development could 
further exploit the potential of improved systems. However, irrigation alone is not sufficient to 
exploit this potential. A comprehensive package of on-farm optimal practices would be a certain 
asset to align previous production practices to current conditions brought by the improvement. 
Such a package should put more emphasis on soil fertility, water distribution uniformity, weed 
infestation and on-demand water management.

Improvement has a significant positive impact on irrigation management practices. Changes in 
irrigation practices can be translated into significant cost saving from different aspects: decreased 
number of irrigation turns, shorter duration of irrigation, higher pump efficiency, and cheaper 
energy input. However, the potential cost saving is not yet achieved due to the currently high 
irrigation fees. The irrigation fee mapping identified extremely heterogeneous pricing mechanisms 
amongst and within the Governorates. It is found that the commonly applied irrigation fees – 
including or excluding maintenance works – are well-above the real-term operation costs in 
Upper-Egypt. This high difference between real energy costs and irrigation fees can jeopardize 
the objectives of the project to provide reliable and affordable water services for smallholders 
since water-fees significantly influence the profitability of the crops. Also, decreased conveyance 
efficiency has adverse effect on energy costs of total water supply. In order to maximize the 
financial benefits of the improvement, O&M must be carefully planned to ensure that benefits 
outweigh the operation costs.

The technical assessment found the current cropping pattern as one of the main issues of improved 
profitability. Despite the expectation of converting farms into more profitable, negligible number 
of farmers (5 percent) decided to change from the traditional crops due to market uncertainties. 
The price homogeneity of the current crops refers to the farmers’ little market power, and the 
profitability of the main crops remains low. Since farmers are price-takers, cost structure should be 
optimized to improve profitability, in particular, the applied amount of fertilizers and irrigation fees 
require strong top-down supervision as the two are of critical costs.

The assessment also showed that the improvement has plentiful indirect impacts on agricultural 
productivity. As an indirect impact, improving the profitability of livestock through forage 
production and transferring more lands to vegetable production could be transmitted into indirect 
benefits of production, such as women’s potential in food markets.
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In order to exploit the productivity and profitability potential of irrigation improvement, irrigation 
service must be improved along with the infrastructural development to reach farmers’ acceptance. 
According to the investigation of farmers’ satisfaction, improvement has positive treatment 
effect on flexibility, reliability and equity. Confirming the conclusions of the RAP, the flexibility 
is influenced by the irrigation schedule based on fixed rotation, and the reliability is affected by 
the irrigation failure due to energy shortcut and O&M issues. Undoubtedly, improvement has the 
greatest impact on equity through shortened travel time, higher conveyance efficiency, higher 
delivered discharge in shorter time and the central pump stations.
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Return of investment evaluation

Achieving full cost recovery is one of the major concerns of the irrigation development projects. 
The assessment provided recommendations on return of investment in order to maximize the 
economic gains of the project. 

Farmers’ misunderstanding of their financial liability to pay back the improvement cost, and the 
monetary hardship due to recent currency devaluation might jeopardize the expected return. 
Therefore, farmers’ financial liability should be clarified while aligning official payback period to 
the useful life of the irrigation assets (15 years from commissioning). In addition, intended use of 
irrigation assets should be enforced through WUAs in order to ensure the operation at maximum 
efficiency during the useful lifetime. Once again, the need of strengthening WUAs is emphasized, 
as general paucity of timely O&M data is a recurring issue. In order to ensure the level of service, 
context-tailored asset management system should be operated by central-unit, responsible for the 
monitoring and the analysis of data provided by farmers.

As major concern of O&M, the assessment proved that farmers’ responsibility should be limited to 
the mesqa level infrastructure as large repair works (electricity grid, drain profiling, etc.) are beyond 
their financial capacity. Therefore, the scale of responsibility turnover should be defined only for 
the direct irrigation infrastructure (from pump station to hydrants) in order to avoid major service 
failures. Related to the direct infrastructure costs, the recommended irrigation fee ceiling should 
be based on O&M costs in order to preserve crop profitability. In order to comply with economies 
of scale, the minimum recommended mesqa size per improved irrigation system was estimated 
at 35 feddan. However, many of the mesqas supply less than the recommended size. Another 
concern of the financial analysis is that the investment return largely depends on the profitability 
of the crops. Since most of the crops have guaranteed prices that are above the real market prices, 
the agricultural subsidy policy should be in line with the expected return of investment. As an exit 
strategy of guaranteed prices, promotion and market stabilization of cash crops is a viable pathway 
to ensure the mid-term return.

According to the investment return indicators, the irrigation improvement at mesqa level has 
high potential to achieve high financial performance. The estimated discounted payback period 
is 4.2 years, indicating a middle-term investment return, the net present value for 15 years is 8.9 
million EGP, while the financial internal rate of return is 43.4 percent, if intended use of irrigation 
equipment is respected.
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