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SUMMARY

Context and aim of the study

The Nile Basin Initiative (NBI) Secretariat (Nile-Sec) had conducted a Strategic Water Resources Analysis
(SWRA) in 2015 with the aim of developing various sustainable options for satisfying the growing water
needs in the Nile riparian countries, and subsequently to mitigate current and future water stress. The Nile-
Sec has recently identified data gaps in its previous SWRA study, particularly due to the lack of integration
economic modeling of water use to assess the value of irrigation water. A limitation of the SWRA study was
that the impact of increased water productivity on food security and water use was not analyzed across
the basin. Furthermore, the SWRA assessment did not analyze the impact of optimal planning of cropping
patterns on specific climate and soil conditions.

This second phase study was commissioned with the objective of refining the 2015 estimates of
agricultural water demand/use and projections. It is envisaged that this study will support sustainable
and efficient investment planning to meet the growing water demand in line with the Nile-Sec’s plan.
The phase Il study consists of six components. This report refers to Component-1 of this phase Il project:
‘Contribute to improving baseline irrigation water demand and actual use’. This component was required
to review the data and results of irrigation water demands estimation from the first phase of the SWRA
study and identify areas for further refinement and improvement. This report aims to inform agricultural
water management policies by presenting water saving options, such as adoption of improved irrigation
technologies and optimization of cropping patterns across the basin among others. The compilation of the
baseline database was based on a desk-based review of secondary information. The sources of information
include existing NBI data, master plan of member countries, study documents and expert inputs.

The SWRA 2015 Phase-l study in perspective
e Areairrigated and equipped for irrigation: The 2015 study shows that about 5.4 million hectares
were equipped for irrigation in the Nile Basin. The figures were supposed to be larger than what
was reported in the Food and Agriculture Organization (FAO) Agquastat (2016), which represents data
of earlier years. However, figures presented in the 2015 study baseline dataset are not consistent
with the FAO Aquastat (2016) dataset. The former under-reported ‘area equipped for irrigation’
for Egypt, Ethiopia, Kenya, and Tanzania. There is also a discrepancy in the value of cropped area
between the two datasets. The possible causes for the discrepancy are the following: (i) the 2015
phase-l report is limited to the Nile Basin (NB) whereas the Aquastat data presents national level
data (including areas not geographically contained within the NB) and (ii) estimates might differ
because of different reporting procedures and prevailing poor data management systems in the
country. The latter challenge reflects capacity constraints in the area of information management.

e Crop parameters: The crop growth parameters and the method used to estimate crop water
requirement in the phase-1 report were consistent with the information in FAQ's technical quidelines,
the world's most commonly used approach when conducing feasibility studies and management
of irrigation schemes. The cropping pattern data were gathered from previous country-specific
studies, and thus are applicable to the agro-ecologies and practices of the respective schemes.

e Irrigation technology: The Phase-| baseline data (2015) rightly identified that most of the irrigation
schemes in the Nile Basin use surface irrigation methods. It is noted that Egypt is home to a higher
proportion of sprinkler and drip irrigation, respectively, amounting to 5% and 6% of the area
equipped for irrigation (which was based on Aguastat, 2009). The Phase-| baseline report assumed
that all canals were unlined; however, consultations made with practitioners in the field suggest that
there is a growing trend in lining of canals. The problem is that the countries do not keep record of
the canal improvements, the associated water savings and the resultant impact on crop production.
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Irrigation efficiency: The phase | baseline study of 2015 rightly adopted realistic irrigation

efficiencies consistent with FAO publications'? in estimating the baseline crop water requirements
for all countries, except Sudan. Caution was taken not to overestimate the magnitude of crop water
requirements by avoiding allowance for leaching requirement. This assumes that the inevitable
inefficiencies would be sufficient to offset the leaching requirement, which is in line with existing
technical guidelines. However, the irrigation efficiency values adopted for Sudan in the Phase-l
baseline study appear to be on the upper limit. According to FAO publications, an upper limit to
the conveyance efficiency values should only be assigned to well-maintained canals. However,
this is not the case with the canal conditions and surface irrigation management in Sudan as
explained in more detail in subsequent sections. The canals in Sudan are characterized by siltation
and weed growth; and the surface irrigation management is rated as poor according to previous
studies. Poorly maintained canals retard water flow and causes spillage and/or high evaporation
losses. This statement is a challenge to the claim for having high irrigation efficiency in Sudan.

Summary of findings in Phase- Il (2018) Baseline Report

This report contains a mix of datasets up to 2018. With this in mind, the data in this report is referred to
as ‘2018 Baseline Data’ with reference to the year data was collected, where available. However, the actual
base year for each dataset is indicated whenever gquoted.

Area irrigated and equipped for irrigation: According to documents published until 2018, the

total area irrigated (cropped) and equipped for irrigation in the Nile Basin (NB) is about 8.53 and
6.6 million ha, respectively. The total cropped and equipped area in the NB increased by 34.2%
and 22.2%, respectively, compared to the 2015 baseline data. The cropped area in Eqypt is 174%
of the area equipped for irrigation, implying that about 74% of the area is used for at least two or
three croppings per year. In Ethiopia, Kenya, Sudan and Tanzania, the irrigated (cropped) area is
less than the area equipped for irrigation due to a mismatch between the available water supply
and the demand.

Crop parameters: This study has gathered new cropping pattern information for some schemes

in Ethiopia, South Sudan and Sudan. For all other countries, data compiled in the 2015 baseline
dataset could still serve its purpose. A review showed that crop parameters used for the estimation
of crop-water requirements in all countries were derived from FAO publications and not from local
studies. Recent information on crop growth parameters is identified for Egypt. The data show slight
differences in planting dates and crop coefficients as compared to the Phase-l baseline data.

Irrigation technology: Irrigation technology in this paper was defined as the use of infrastructure

and/or practice aiming to improve land and water productivity. Egypt is the only country engaged
in the application of improved irrigation technologies, such as pressurized irrigation, at a massive
scale. There are also trends of canal lining in some of the countries according to consulted
practitioners. Such trends of canal lining have significant implications for the enhancement of water
use efficiency. However, documented evidence on the magnitude of the ongoing canal lining work
was not available. It is recommended that the location and magnitude of canal lining is continuously
updated by the respective countries.

Irrigation efficiency: Research on irrigation efficiency and the subsequent investment on water

saving interventions have been implemented at a massive scale in Egypt, compared to the other
riparian countries. The success is attributed to the concerted effort of the government, research
and academic institutions. However, in the other NB countries, the agenda for irrigation efficiency
improvement was intermittent and limited to academic and research communities with little or
no participation of other key stakeholders. Moreover, the research is focused on adaptive trials
of existing technologies already in practice elsewhere in the world. Consequently, many research
outcomes are often shelved. There is little evidence showing the attempts made to quantify
irrigation efficiencies in some countries. Where conducted, studies reveal irrigation efficiencies close
to those noted in FAO publications. Moreover, reviewed feasibility studies and design documents
show that schemes are designed using irrigation efficiency values recommended in FAO publications.

"FAO 1989
2 Savva, A.P; Frenken, K. 2002
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Recommendation and concluding remarks

Egypt is noted to be progressing in the right direction in promoting water saving technologies. This is
attributed to the concerted effort of policymakers, practitioners and research institutions. Such effective
institutional coordination must be considered as a best practice to be replicated in the other riparian
countries. Therefore, the benchmarking® study under Component-5 of this assignment can be used as
a vital entry point to coordinate with relevant institutions, to join planning efforts, implementation and
evaluation of improvement works on existing irrigation schemes. Moreover, the forthcoming benchmarking
exercise must be planned and implemented in schemes having the potential to yield maximum impact by
influencing many other schemes suffering from poor performance.

The Nile Basin countries do not have sufficient documented information in the area of irrigation and
associated fields. One of the key tasks of the Nile-Sec is helping member countries by devising strategies
aiming to balance the available water in the basin with the ever-increasing irrigation water demand. To this
effect, the Nile-Sec should initiate a program to enhance the capacity of relevant institutions of member
countries in the area of information collection, storage and sharing.

3 Component 5: Develop a basin-wide approach for benchmarking irrigated agriculture performance



1. INTRODUCTION

1.1 Overview

The Nile Basin (NB) is shared by 11 countries and
is home to a total population of over 257 million
people. The total population is estimated at 487.3
million out of which 20.3% (99.4 million) and
18.77% (91.5 million) people live in Ethiopia and
Egypt, respectively (NBI 2016). The average annual
population growth rates between 2010 and 2015
ranged from 1.6% in Egypt to 2.7% in Ethiopia and
3.3% in Uganda“. Fast-growing population could
exacerbate the prevailing water stress if current
land and water management practices persist.
As such, land degradation and the resultant
sedimentation of reservoirs are expected to
increase while natural groundwater recharge and
stream flow rates are expected to decline. However,
population growth also provides opportunities in
terms of workforce for economic development and
local market. At present, more than 75% of the
labor force is engaged in subsistence agriculture
and about 40% of the population lives below
a poverty line of US$1.25 per day®. Hence, the
NB countries are expected to expand irrigated
agriculture to improve livelihoods, food security
and economic growth in the region.

The NB is endowed with renewable mean annual
surface water (long term average annual surface
water) of 92 - 93 billion m3 (BCM); the contributing
subbasins are: 55 BCM from Blue Nile (including 5
BMC contribution from Dinder and Rahad rivers), 12
BCM is from Tekeze-Atbara, and 25 - 26 BCM from
White Nile (measured just upstream of the White-Blue
Nile confluence - out of which 12 - 13 BCM is from
Baro-Akobo-Sobat subbasin)é. The NB countries are
also endowed with abundant groundwater resources
stored in 12 transboundary aquifers covering an area
of 4,489,458 km? (out of which 30% is located in the
Nile Basin). Despite the abundance of water, the NB
is on the verge of facing critical water shortages.
The annual water requirement of the 6.4 million
ha irrigated in 2011 was noted by two different

4 NBI 2016.
5 NBI 2016
¢ NBI 2016.
" NBI 2016.
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sources as 85 BMC” and 84 BMCS8, respectively; the
latter estimate is a sum of 73 BMC (87%) gravity
irrigation schemes and 11 BMC (13%) for schemes
with pressurized systems, mostly in Egypt. The
annual irrigation water requirement was projected
to increase to 123 BMC, assuming an additional
irrigated area of 3.8 million ha is developed by 2050
and the prevailing poor irrigation infrastructure
condition persists (i.e., no improvements in irrigation
efficiency)®. The projected water demand is more
than the current annual surface water yields of the
Nile Basin; hence, posing a critical challenge for the
NB countries. The contribution of groundwater in
minimizing the anticipated water deficit is unknown.
Under different irrigation efficiency improvement
scenarios, the above study predicted the NB would
remain in a state of perpetual water deficiency by
a magnitude of 5 to 29 BMC per year. This calls for
urgent and continuous efforts to improve water
conservation and water use efficiencies through the
adoption of improved practices and technologies™.
Technical assistance and extension to disseminate
practices promoting water conservation and efficient
water use can significantly mitigate future water
stress, while increasing agricultural productivity and
farm income.

Accordingly, the Nile Secretariat (Nile-Sec)
intends to support member countries by developing
options for water saving, such as measures for the
adoption of improved irrigation technologies and
optimization of cropping patterns across the basin.
To achieve this, an up to date baseline assessment of
existing irrigation infrastructure, cropping program,
irrigation technologies and efficiencies are required.

The NBI-Sec had issued a baseline data report in
2015 that was compiled from documents published
between 1998 and 2014. Documents published up to
2018 were used to verify and complement previous
baseline dataset. Where data could not be verified
or no recent data were available, NBI's 2015 baseline
data was adopted.

& Multsch, S.; Elshamy, M.E.; Bataresh, S.; Seid, A.H.; Frede, H.G.; Breuer, L. 2017
2 Multsch, S.; Elshamy, M.E.; Bataresh, S.; Seid, A.H.; Frede, H.G.; Breuer, L. 2017
© Multsch, S.; Elshamy, M.E.; Bataresh, S.; Seid, A.H.; Frede, H.G.; Breuer, L. 2017
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1.2 Scope of this Assignment

The NBI Secretariat (Nile-Sec) conducted a Strategic
Water Resources Analysis (SWRA) in 2015 with
the aim of developing various sustainable options
for satisfying the growing water needs in the Nile
riparian countries, and subsequently to mitigate
the current and projected water stress. The Nile-
Sec identified data gaps in its previous SWRA study,
particularly in relation to the lack of integration of
economic modeling of water use to assess the value
of irrigation water. A limitation of the SWRS study
was that the impact of increased water productivity
on food security and water use was not analyzed
across the basin. The assessment did not analyze the
impact of optimal planning of cropping patterns on
specific climate and soil conditions. Therefore, this
study was commissioned to refine current estimates
of agricultural water demand/use and projections. It
is envisaged that the study will support sustainable
and efficient investment planning to meet the
growing water demand in line with the Nile-Sec
plan. This report aims to inform agricultural water
management policies by presenting water saving
options, such as improved irrigation technologies
and optimization of cropping patterns across the
basin among others.

This report refers to Component 1 of the project:
‘Contribute to improving baseline irrigation water
demand and actual use'. This component reviewed
data of irrigation water demand estimates from the
first phase of the SWRA and identified areas for
further refinement and improvement. The sources
of information were existing NBI data, master
plans of member countries, study documents, and
expert inputs. The activities carried out as part of
Component 1 were:

i. Together with the NBI review the database,
modeling approach and estimates of
irrigation water demands and identified
areas of further refinement and
improvement;

ii. Refine NBI's data on existing area equipped
for irrigation, cropped area, irrigation
technologies in irrigation schemes) and
estimates of irrigation efficiencies;

iii. Refine NBI's crop database by updating
the cropping calendar based on agro-
ecological zones, crop characteristics and
corresponding crop water requirement;

iv. Review and provide recommendations to
update data on cropping patterns for the
various irrigation schemes in the NBI's
database;

v. Submit the improved database to the NBI
to update the NB water resources model
and thereby refine estimates of current
irrigation water demand and actual use.

vi. Review the updated estimates on irrigation
water requirements with the NBI team;

vii. Produce a technical report on existing
irrigation technologies, irrigation
efficiencies, crops and cropping patterns
in irrigated agriculture in the Nile Basin;

viii. Facilitate a regional consultation workshop
with agricultural experts from the Nile
Basin to validate the updated databases
and set future directions with respect to
irrigated agriculture development. The
aforementioned workshop was held from
February 23-25,2019 in Kigali, Rwanda and
the feedback obtained from the participants
is incorporated in this report.

1.3 Linkages with other Components

This component (Component-1) aimed at: (i)
reviewing and updating baseline data from the
first phase of the strategic water resources
analysis of the NBI and (ii) identifying of areas
for further refinement and improvement. The
data and results generated under Component-1
are fed into Component-2: ‘Projection of Irrigation
Water Demand’. Component-4: ‘Economic Value of
Water for Irrigation” and Component-5: ‘Irrigation
Benchmarking'. All components will deliver their
own outputs based on the data received from
this component (Component-1) and through
additional data collection, assumptions and
analysis. Component-2 would integrate the
data inputs and subsequently generate and
describe potential scenarios for improvements
in cropping patterns, irrigation, and water use
efficiencies. The output data on optimum water
saving options (Component-3) will guide the
irrigation benchmarking approach (Component-5)
as well as contribute to the preparation of the
policy document.

1.4 Structure of the Document

The report is structured around five main chapters.
Chapter one has presented background information
of the project and scope of the assignment.
Chapter two describes data gaps and related
uncertainties in the Nile Basin. The third chapter
presents an overview of the Phase-l baseline data.



Chapter four presents phase-ll baseline data - the
key output of this assignment. Chapter four is
a collection of tables supported by explanatory
notes. The information can be used as input to the
estimation of current and projected agricultural
water demand. The report ends in chapter five by
presenting recommendations for upgrading the Nile
Basin countries' capacity in the documentation of
information on irrigation management. Issues to be
considered in planning the irrigation benchmarking
approach are also presented. Details of the
country-specific datasets for each of the relevant
parameters are presented in the annexes. The
relevant tables are also presented in excel format
in a separate attachment.

2. DATA GAPS AND
UNCERTAINTIES IN THE NILE
BASIN

This assignment involved updating NBI's 2015
baseline data through a desk-based review of
secondary information. In due course of the
assignment, it was observed that the relevant
institutions lack sufficient documented information
in the area of irrigation and associated fields. The
master plans for some countries were outdated at
the time of this study and, as such, lacked relevant
updated information compared to the 2015 inventory.

Hence, in this study information available at
NBI (Nile Basin Initiative), INMI (International Water
Management Institute), new master plan studies,
on-line sources, and limited study documents from
some of the countries were used. Where possible,
consultations were held with staff from local
agencies to get new information or validate existing
data as in-depth scoping missions to each country
was outside the scope of this study. For example,
in Ethiopia consultations were made with officers
of Abay (Blue Nile) Basin Authority, engineers in
the Ministry of Water, Irrigation and Energy, Bureau
of Agriculture in Tigray (Tekeze Subbasin), etc.
Similarly, in Uganda, Sudan and South Sudan current
and ex-officials and experts of water and irrigation
institutions were consulted.

Despite the abovementioned limitations, the
database, presented in this report, provides a
consolidated update of the most recent available
information on the Nile Basin since 2015. The
verification and addition of most recent available
information (up to 2018) enables the revision of
current and projection of future water demands in
the Nile Basin.
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3. SUMMARY OF PHASE-I
BASELINE DATA

a. Phase-l (2015) Irrigation
Infrastructure Data

The Phase-| baseline study was based on a desk-
based review of secondary information from 1998 to
2014. These documents included: previous NBI works,
national plans and published materials, including
FAO's Aguastat dataset of 2009. The study also used
data obtained from NB countries. The Phase-l (2015)
baseline showed that about 5.4 million hectares were
equipped for irrigation in the Nile Basin.

b. Phase-l (2015) Crops and Cropping
Pattern Data

The crop growth parameters and the method used
for crop water requirement estimations in the phase-1
report were directly adopted from FAO technical
guidelines, which is a commonly used approach.
Data on cropping patterns for all countries were
gathered from previous country-specific studies and,
therefore, are applicable to the agro-ecologies and
practices of the respective schemes.

c. Phase-l (2015) Irrigation Technology
Data

The Phase-|l baseline data (2015) rightly identified
that most of the irrigation schemes in the Nile Basin
use surface irrigation methods. Its brief discussion
on irrigation technology focused only on pressurized
irrigation. It is noted that Egypt is home to a higher
proportion of irrigated area under sprinkler and drip
irrigation amounting to 5% and 6%, respectively
(which is based on Aquastat 2009). In Ethiopia,
the area irrigated using sprinkler irrigation was
reported as 2% (or 2,680 ha) of the then 134,000
ha total irrigated area. However, Ethiopia had
already one scheme (Fincha Sugar Estate) equipped
with sprinkler irrigation covering an area of 20,145
ha in 2014/15. The other two countries practicing
pressurized irrigation noted in the Phase-l report
were Kenya and Uganda; whereas Sudan with the
second highest area under pressurized irrigation
was not recognized.

The Phase-l baseline report assumed that all
canals were unlined; however, consultations made
with practitioners in the field suggest that there is
a growing trend in lining of canals. The problem is
that the countries do not keep record of the canal
improvement works, the associated water savings
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and the resultant impact on crop production.

d. Phase-l (2015) Irrigation Efficiencies
Data

The NBI baseline study of 2015 rightly adopted
realistic irrigation efficiencies developed by
the FAO in estimating the baseline crop water
requirements for all countries, except Sudan.
Caution was taken not to overestimate the
magnitude of crop water requirement by avoiding
allowance for leaching requirement. This is
based on the assumption that the inevitable
inefficiencies would be sufficient to offset the
leaching requirement, which is in line with
existing technical guidelines. Values of irrigation
efficiencies adopted in the Phase-l baseline study
(2015) are shown in Table 1. However, the irrigation
efficiency values adopted for Sudan in the Phase-l
baseline study appear to be on the upper limit; that
is 68% for gravity-fed surface irrigation (which is
the product of: application efficiency 80% and
conveyance efficiency 85%), 75% for pumping and
gravity, 76% for pumping and flooding, and 86%

for pumping. According to FAO publications™ 2, an
upper limit of the conveyance efficiency values
is assigned only to well-maintained canals in dug
soils. However, this is not the case with the canal
conditions and surface irrigation management
in Sudan as explained in more detail in section
4.3.5 (¢). The canals in Sudan are characterized
by siltation and weed growth and the surface
irrigation management is rated as poor according
to previous studies™ Poorly maintained canal
retards water flow and causes spillage and/or high
evaporation losses. Besides, low infiltration capacity
of the vertisol coupled with plain topography and
leveled fields are conducive to stagnation of the
irrigation water on the surface, the consequent
of which is high loss of water by evaporation. This
implies low irrigation efficiency. Crop productivity,
in most schemes in Sudan, is low due to lower
number of irrigation events than recommended
and long distance to the water source, which results
conveyance losses, waterlogging and limitations
in agronomic practices'. These statements are
challenges to the claim for having high efficiency
in Sudan.

Table 1: Irrigation efficiency values adopted in the Phase | Baseline Study

Irrigation Method

Application Efficiency,%

Conveyance Efficiency, %

Source: NBI baseline dataset of 2015 and reference therein

TFAO 1989

2 Savva, A.P. and Frenken, K., 2002
3 Ahmed, A.S. (nd).

4 Adam, B.A. et.al. 2017



4. DESCRIPTION OF PHASE I
BASELINE DATA

4.1 Overview

This report updated the NBI-Sec baseline data from
2015 and included verifiable data up to 2018. The
phase-ll baseline data, just like its predecessor, was
prepared using secondary information sources from
Nile-Sec, consultations, and other relevant sources
up to 2018. Explanatory notes on the source and
year of the dataset are presented hereunder, which
also include highlights on the differences between
the 2015 and current available datasets.

Debate over designating wetland
agriculture as irrigated agriculture

Agricultural experts drawn from the NB countries to
participate in the 2" phase of SWRA workshop held
from February 23 - 25, 2019 in Kigali, Rwanda, debated
on whether or not wetland crop production system
is irrigated agriculture and should be included in the
database. In light of the below definitions of both
systems, the recommendation is that wetland systems,
though supporting agricultural production cannot be
considered as irrigated agriculture and thus must not
be included in the NBI water demand modeling.

Wetlands are defined as places where the land is
permanently or seasonally flooded or rarely flooded
but the soil remains saturated for a period long
enough to support wetland plants.®'®" They provide
important ecosystem services and support people’s
livelihoods™®™. For centuries and in many parts of the
world, they have been used to produce crops during
the dry season and/or all year round with or without
the help of drainage facilities.?°2'?? The source of
water is either surface water during flooding events
or rising groundwater tables.

On the other hand, irrigation is defined as the
application of a controlled amount of water to plants

S UNESCO 1994.

e WWF (World Wildlife Fund) 2019.

"The Wetlands Initiative (nd),

'® Ramsar Convention Secretariat (2014).

® Millennium Ecosystem Assessment 2005
20 Department of the Environment 2016

21 Verhoeven, J.TA.; Setter, T.L. 2009

22 |WMI 2014

23 FAQ 1997

24 Oxford Dictionary 2019

25 Encyclopedia Britannica (nd).

26 Millennium Ecosystem Assessment 2005
27 UNESCO 1994.

28 Millennium Ecosystem Assessment 2005
29 FAO SAFR 1998.

30 Rebelo, L-M.; McCartney, M.2012

3" FAO SAFR 1998.
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at needed intervals by means of various structures
and equipment required for diverting, conveyance
or application of it.22425 The conclusion is that the
water utilized under wetland crop production system
could have been lost even with no cultivation by
evaporation, seepage and/or transpiration by wild
wetland plants.

An important issue that must be linked with
the abovementioned debate is the level of the
NB stakeholders’ knowledge of the impact of the
ongoing wetland crop production system on the
sustainability of the other wetland ecosystem
services. The latter entails the provision of water;
requlation of hazards (e.qg., floods, drought, land
degradation and disease); soil formation and nutrient
cycling; cultural values, etc.?® According to Article
3 of the Ramsar Convention on Wetlands” - the
signatories are required to promote conservation
of wetlands integrated with plans and actions for
“wise use of wetlands” so as to ensure sustainable
benefits for human and the ecosystem. However,
human interventions on the wetlands in the Nile
Basin have been predominantly skewed towards a
single ecosystem service (crop production) rather
than considering the full range of the potential
benefits attributable to a given wetland?®2°. Though
the wetlands are supporting millions of people for
their livelihoods, many of them are not sustainably
managed and yet the problem is not addressed
by the NB stakeholders due to lack of adequate
information on their current status and fate of
existence3® 3. Therefore, it would be imperative to
protect the wetlands from further deterioration. This
calls for the NB countries to assess their current
wetland management systems and draw action
plans in accordance with the Ramsar Convention on
Wetlands. This may be preceded by updating previous
studies on characterization and classification of
wetlands in the NB to facilitate evidence based on
dialogue among the respective countries, and reach
a consensus on the restoration and sustainable
management of the wetlands.
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Table 2: Irrigated area and area equipped with Infrastructure in the Nile Basin

2014/15 Baseline Data
Area, '000 ha
Cropped

Country Equipped

6,359.5 5,396.1

% increase of area cropped and equipped compared to 2015

% Area Cropped

Updated 2018 Baseline Data
Area, ‘000 ha
Cropped

% Area Cropped
Equipped

8,580.2 6,639.8
349 23

Source: Compiled from various sources shown in the respective tables for each country; (a): NBI baseline dataset of 2015
Source of percentage area cropped compared to area equipped for irrigation: division of the former by the latter

4.2 Irrigated Land and Area Equipped
for Irrigation

According to documents published until 2018, the
total area irrigated (cropped) and equipped for
irrigation in the Nile Basin countries is about 8.53
and 6.6 million ha, respectively (Table 2); the total
cropped and equipped area increased by 34.2% and
22.2%, respectively, compared to the 2015 baseline
data. Detailed data by country are presented in
Annexes A-1 through A-9. The cropped area in Egypt
is 174% of the area equipped for irrigation implying
that about 74% of the area is used for two or three
cropping per year. In Ethiopia, Kenya, Sudan and
Tanzania, the area irrigated (cropped) is less than
the area equipped for irrigation due to a mismatch
between the available water supply and the demand.

4.2.1 Existing irrigated area in Burundi

There are no new data on area cropped or equipped
for irrigation for Burundi. However, the sum of
the area ‘cropped’ and 'equipped’ was incorrectly
swapped in the 2015 baseline data; thus, the
corrected area irrigated (cropped) and equipped
for irrigation in 2015, was 14.9 and 8.8 million ha,
respectively. Moreover, the 171 ha cropped of the
Muramya Scheme were inconsistently reported
as 312 ha. The corrected figures for Burundi are
presented in Annex A-1. Note: paddy fields on
marshlands in Burundi are considered as irrigated
areas because irrigation water is delivered during

the dry season to grow a third crop as explained in
a subsequent section.

4.2.2. Existing irrigated area in Egypt

According to annual statistical bulletin for 2015/16
published in January 2018 by a government
agency?®, the total area cropped and equipped for
irrigation in Egypt is about 6.59 and 3.78 million ha,
respectively. The total area cropped and equipped
for irrigation has increased by 1.57 million ha (or
31%) and 0.33 million ha (or 10%), respectively,
compared with the 2015 baseline report. Detailed
information is presented in Annex A-2 and also in a
spreadsheet annexed separately to this report.

Remark on the 2015 baseline data

The spreadsheet annexed to the 2015 baseline
main report shows the cropped area for Egypt as
5.47 million ha - overstating the then cropped
area by 0.45 million ha. The source of error was
associated with two schemes (governorate), namely
Cairo (Al Qahirah District) and Elsalam Canal East
(Shamal Sina District). According to the indicated
spreadsheet, the percentages of the cropped areas
to areas equipped for irrigation in the two schemes
equals to 1,176% and 723%, respectively. However,
the cropped areas of Cairo and Elsalam Canal
East schemes were rightly reported as 8,105 ha
and 41,834 ha, respectively, in the 2015 baseline
main report; and the respective percentages of the

32 Central Agency for Public Mobilization and Statistics (CAPMAS), 2018



cropped areas to areas equipped for irrigation are
equal to 117% and 72%.

4.2.3 Existing irrigated area in Ethiopia

Irrigation schemes in Ethiopia are categorized by
size as large scale (greater than 3,000 ha), medium
scale (200 - 3,000 ha) and small scale, sometimes
referred to as smallholder (less than 200 ha per
scheme)®. Under the medium and large scale
category, the total area cropped and equipped for
irrigation amounts to 66,278 ha and 66,964 ha,
respectively®4. According to the line ministries,
smallholder irrigated area in Ethiopia (within and
outside the NB) had increased from 197,250 ha in
19983 to 853,000 ha in 2009/10%¢ and to 2.3 million
ha in 2014/15%. However, the latter figure is highly
exaggerated because (i) many irrigation schemes
are fully or partially nonfunctional® (Table 3) and (ii)
there are indications of double counting according to
consultations held in the country. The most recent
data on irrigated area reported by line government
departments were found to be inconsistent. For
example, the 2016 irrigated area reported in Amhara
and Tigray (both predominantly within the Nile Basin)
was 859,250 ha and 233,000 ha®*, respectively. No
verification was found for the Amhara Region data;
but Tigray Bureau of Agriculture conducted GPS-
assisted field measurement of Tigray's irrigated
fields in 2017/18 and found out that the actual
irrigated area was 50,083 ha“*° (or 21.5% of what
was reported the previous year) from which 37,976
ha is within Tekeze-Mereb subbasin, which is part
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of the NB. The figure obtained from Tigray Bureau
of Agriculture is consistent with the findings of
International Water Management Institute (IWMI) as
explained in subsequent paragraphs.

Cognizant of the abovementioned limitations,
the IWMI undertook a satellite based estimation
of irrigated areas in Ethiopia for 2015 in January
2018, and found out that the total irrigated
area in the Nile Basin part of the country is
equal to 489,000 ha. The IWMI used Landsat
2015/2016 and Modis NDVI to map irrigated
and rain-fed areas. Methodologies such as
analysis of seasonality, Fourier analysis, time
lagged regression, refinement using moisture
status were applied. The IWMI's estimation of
irrigated area almost matches with that of a
recent (2018) study* (i.e., 455,421 ha), which
was based on a combination of Google and GPS
based measurements. Details of the information
compiled are presented in Annex A-3. Apart from
the abovementioned information, realistic scheme-
wise disaggregated data on ‘irrigated area’ and
‘equipped area’ were not available. Thus, the ‘area
equipped for irrigation’ for the scattered schemes
in Ethiopia was estimated indirectly, assuming
that the cropped (irrigated) area is 81% of the
equipped area (Annex A-3). This assumption stems
from the fact that the average irrigation cropping
intensity (number of crops by irrigation per year)
in @ number of schemes is 81 - 143%%;, where
the lowest figure indicates that on average 19%
of equipped area of ‘functional’ schemes is not
cropped and the upper limit indicates that some

Table 3: Indications on the status of irrigation schemes in five regions of Ethiopia

Region Performing Well, %

Performing below Capacity, %

Non-functioning, %

Source: MOANR; MOWIE; ATA. 2016. (Draft) National Smallholder Irrigation and Drainage Strategy. Ethiopia
Note: The table is reportedly based on data from regional officers with no field verification. It would have been more informative if

the percentage was accompanied by irrigated area.
(**): SNNP = South Nations, Nationalities and People Region

33 Awulachew, S. B.; Yilma, A. D.; Loulseged, M.; Loiskandl, W.; Ayana, M..; Alamirew, T. 2007

34 Abay Basin Authority, Bahrdar, Ethiopia

35 MOWR 2001.

3 MOFED 2010.

3" NPC (National Planning Commission) 2016.
38 MOANR; MOWIE; ATA. 2016.

3° FDRE, Federal Policy Study and Research Center and Addis Ababa Technology Institute, 2017
40 Based on direct communication with the Tigray Bureau of Agriculture

4 GIRDC 2018
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schemes are able to have a second cropping by
irrigation on 43% of the area equipped with
infrastructure.

The abovementioned assumption on the
proportion of the area cropped (irrigated) to
equipped for irrigation can be considered as the
upper limit because, as indicated in Table 3, a
number of irrigation schemes are noted to perform
below* design capacity, primarily due to the reduction
of stream flow and well- yield and sedimentation
of reservoirs. The indicated dry season stream flow
reduction is among the salient features of the entire
basin. It is apparent that the Blue Nile is highly
seasonal with about 70% of its flow occurring in the
months July - September. The other major tributaries
of the Nile River (Tekeze, and Baro Akobo) are also
characterized by high seasonality with peak flow
occurring between July and August4.

Taking the seasonality of the stream flow
into account, the construction of reservoir dams
is believed to have some contribution to the
promotion of irrigated agriculture in Ethiopia.
The number of small and medium scale reservoir
dams constructed in the country during the
last four decades is about 1504 45, However,
reports?’ reveal that only few of the existing
dams are in a satisfactory condition and most
of them are either operating below their design
capacity or nonfunctional, mainly due to untimely
sedimentation?®, seepage, and low catchment yield.
The untimely heavy reservoir sedimentation is
attributed to the human activity in the catchments,
because the livelihood of the rural population is
entirely dependent on the land resources.

4.2.4 Existing irrigated area in Kenya

The 2015 NBl irrigation database for Kenya consists of
130 schemes with a respective irrigated and equipped
area of 20,057 ha and 47,483 ha, respectively. The
2018 updated number of schemes in the NB is 138

42 Agide, Z. et al. 2016
4 MOANR; MOWIE; ATA,.2016.
44 NBI 2016.

with the total cropped and equipped area of 31,168
ha and 58,614 ha, respectively (Annex A-4)*.

4.2.5 Existing irrigated area in Rwanda

The updated irrigated (cropped) area in the Nile
Basin part of Rwanda is 7,698 ha (Annex A-5)
as compared to 7,053 ha in 2015. As indicated
above, out of the total 26 irrigation schemes, 13
schemes (i.e., 4,627 ha out of 7,698 ha or 60%)
are marshland-based schemes used for growing
rice over two seasons in a year (locally called
season A and season B), and then in the dry
season (called season C) for producing mostly
vegetables. The marshland-based schemes are
equipped with canal infrastructure of moderate
investment costs®® and thus are considered in this
paper as irrigated areas.

4.2.6 Existing irrigated area in South
Sudan

A total of 111,355 ha in South Sudan are equipped
with irrigation infrastructure and also fully under
irrigation (production)® as of 2018 (Annex A-6). It is
to be recalled that the 2015 NBI database for South
Sudan consists of only one scheme with the cropped
and equipped area of 150 ha and 500 ha, respectively.

4.2.7 Existing irrigated area in Sudan

The total number of schemes in Sudan remains the
same at 24 as compared to the 2015 NBI database.
However, the cropped and area equipped for irrigation
has increased to 1,271,700 ha and 2,049,245 ha
respectively®, as shown in Table 4 and in Annex A-7.

4.2.8 Existing irrigated area in Tanzania

The 2015 NBI irrigation database for Tanzania
consists of 65 schemes with cropped and equipped
area of 6,464 ha and 19,753 ha, respectively. The

4> FDRE Federal Policy Study and Research Center and Addis Ababa Technology Institute, 2017

46 Woldearegay, K.; Van Steenbergen, F. 2015
47 Baert, R. 2011
48 Ermias, A.; Solomon, A; Alemu, E. (no date)

4 Source: NBI baseline dataset of 2015 with additional data from Kenyan participants of the 2nd Phase of SWRA Workshop held from

23 - 25,, 2019 in Kigali, Rwanda
50 ICRAF (World Agroforestry Center) et.al., 2010.

February

5" Compiled from different sources: (a) Ministry of Irrigation (1979). Nile Waters Study, Volume 3, Supporting report IV Irrigation;

(b) MEDIWR, Ministry of Electricity, Dams, Irrigation & Water Resources, The Republic of South Sudan. (2015). PROJECT FOR IRRIGATION DEVELOPMENT
MASTER PLAN (IDMP) IN THE REPUBLIC OF SOUTH SUDAN. FINAL REPORT (ANNEXES, PART 1); (c) Dr. Ahmed A. Kabo. White Nile Pump Schemes Group-
ing. Ministry of Irrigation and Water Resources - Sudan. Personal communication

52 compiled from different sources:

(@). Ministry of Irrigation -Sudan (1979). Nile Waters Study, Volume 3, Supporting report IV Irrigation, page 2 - 25
(b). Ministry of Planning-Sudan (1980). New Halfa Rehabilitation Project Phase Il. Volume 1: Support annex 1- 8, pages 12 - 15

(¢). Personal communication with Ahmed, T.M. on Abu Naama Scheme.



Year Cropped, ha
2015 (NBI Data) 1144,843
2018 (updated) 1,381,337

2018 data show a total of 127 schemes with a total
cropped and equipped area of 32,974 ha and 26,127
ha, respectively (Annex A-8), which is based on the
National Irrigation Master Plan (2018) of Tanzania.

4.2.9 Existing irrigated area in Uganda

The 2015 baseline data shows that the irrigated
(cropped) and area equipped for irrigation in Uganda
were the same at 9,700 ha. The updated (2018)
irrigated and equipped area in the Nile Basin part
of Uganda is 16,487 ha and 16,509 ha, respectively
(Annex A-9)%. The 2015 dataset for some schemes
was verified and thus holds true. However, the
equipped area of one scheme, namely Nyamugasani,
was deleted in the current data set because it
was only a planned scheme in 2015 and not yet
implemented.

Note: Map showing the locations of all irrigation
schemes in the Nile Basin countries is presented
in Annex C.

4.3. Irrigation Technology

4.3.1. Overview

Irrigation technology in this report was defined as
the application of infrastructure and/or practice
aiming to improve land and water productivity. In
this regard, the prime technology considered refers
to the use of pressurized irrigation methods. The
area equipped for pressurized irrigation in the Nile
Basin is shown in Table 5, which is already counted
under Section 4.2. The table shows that Egypt
is the leading country in the NB engaged in the
application of improved irrigation technologies at
a massive scale while Sudan is the other country
next in line.
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Table 4: Data of area cropped and equipped in Sudan in 2018 as compared to 2015

Equipped, ha

1,760,344
2,023,837

There are also trends of canal lining in some
of the Nile Basin countries, according to consulted
practitioners, which can, depending on scale,
significantly increase conveyance efficiency.
However, documented evidence on the magnitude
of the ongoing canal lining work was not available.
The NB countries are also applying one or a
combination of the following water saving measures:
land leveling; use of improved crop varieties; and,
water management. However, no documentation was
available on the extent of such measures and the
associated impact on water productivity.

4.3.2. Irrigation technologies in Egypt

Documented evidence shows that Egypt has been
implementing water saving technologies on a
large scale over the years, under government and
private sector initiatives (Table 5, Box 1 and Box
2). The implementation of intensive water saving
technologies on a large scale can be considered
as an exemplary benchmark for the other riparian
countries. The technologies include the following:
land leveling; canal improvement; crop diversity
in response to level of water salinity; use of
gated and perforated pipe system; sprinkler/drip
irrigation methods; new and rehabilitation of water
infrastructures; and, planting in raised seed beds.
A summarized note on the technologies applied in
Egypt is presented in Box 1 and Box 2.

4.3.3. Irrigation technology in Sudan

Sprinkler irrigation is practiced on a total of 57,000
ha land in Sudan mainly in the vicinity of major cities.
Moreover, Kenana Sugar Estate - a private irrigation
scheme - had installed a gated pipe irrigation system
on 34,020 ha®*. As a result, the scheme is noted to
have a conveyance and on-farm efficiency of 93%
and 84%, respectively.

53 Wanyama et al. 2017; MWE 2015; MWE 2011; FAO 2016 and NBI baseline dataset of 2015 with additional data from Uganda par-
ticipants of the 2nd Phase of SWRA Workshop held from February 23 - 25, 2019 in Kigali, Rwanda
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Table 5: Area equipped for sprinkler and drip irrigation in the Nile Basin

Area Equipped for Irrigation
Total Area Equipped Gravity Pressurized
Country Scheme Name ha? %”* %" ha

Total 5,190,904 798,956

Source: (a): NBI baseline dataset of 2015 and reference therein
(b): Multsch, S.; Elshamy, M.E.; Bataresh, S.; Seid, A.H.; Frede, H.G.; Breuer, L..2017. Improving Irrigation Efficiency will be
Insufficient to Meet Future Water Demand in the Nile Basin. Journal of Hydrology: Regional Studies. ELSSEVIER;
(http://creativecommons.org/licenses/BY-NC-ND/4.0/) and reference therein
(c): Communication made with Abay Basin Authority, 2018. Bahirdar Ethiopia
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Box 1: Water saving irrigation technologies in Egypt

Land leveling

Land leveling can help to improve water application uniformity over a field; hence, avoiding over- or under-
irrigation. Uniform water application contributes to increased crop production. In Egypt, land leveling
is practiced on a large scale either by the government, public and/or private sector. The government
subsidized laser leveling in sugarcane fields by about 50% of the cost. Land leveling was also implemented
in paddy fields using animal traction to minimize deep percolation losses.

Crop diversity

In response to changes in water quantity and quality along the Nile system, the Egyptian Government
introduced strategies for crop diversity. The strategy for Upper Egypt was production of sugarcane
integrated with the establishment of sugar factories; and rice for Northern Delta where the land is
affected by a high water table and saline irrigation water.

Tertiary canal improvement project (New Mesqa)

Replacement of the old tertiary canals was considered among major initiatives for reduction of water
seepage losses; hence, improving irrigation performance. The older canal system (old Mesga) used to be
an unlined channel, where water was abstracted unregulated at multiple points. The newly introduced
types of conveyance systems were: (i) lined canal with the normal water level at 15 cm above the field
and (ii) low pressure pipe buried one meter below the surface and provided with raisers at a spacing of
100 m. Flow from each raiser is controlled by an alfalfa valve.

Gated and perforated pipe system for sugarcane fields

The government initiated a program for improvement of on-farm water management in sugarcane
fields through a package of land leveling, use of gated pipes, increasing furrow spacing and soil fertility
management. As a result, irrigation application losses dropped to almost nil and the crop yield increased
by 25% in pilot areas. According to the source document, there was a plan for scaling up the bundle of
technology/practices.

Sprinkler/drip irrigation

Sprinkler and drip irrigation methods were introduced in the fringes of the Nile Delta and Valley,
particularly in areas having soils characterized by relatively higher permeability. The source document
indicated that in 2005, the area under modern irrigation system was about 202,937 ha (483,185 feddans),
which about 6% of the total irrigated area.

Source: Allam, M.N.; EI Gamal, F.; Hesham, M., 2005.

Box 2: Raised-bed: A water saving irrigation technology in Egypt

Research on irrigation water management has identified raised-bed systems as an important component
for improved wheat production. Advantages of raised-bed planting (based on the average of 2011, 2012,
2013 and 2014, in Egypt) were:

* 30% increase in grain yield,

+ 25% saving in irrigation water, and

* 74% increase in water use efficiency

Source: ICARDA 2016. Raised-bed planting in Egypt: An affordable technology to rationalize water use and enhance water
productivity. Science Impacts. http://www.icarda.org/publications-resources
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4.3.4. Irrigation technologies in the other
NB countries

(@) Irrigation water conveyance and
application technology: Surface irrigation
with open canal water delivery system is
predominantly practiced in most of the other
NB countries (excluding Egypt as indicated
above). The exceptions in this regard where
sprinkler irrigation is practiced are as follows
(Table 5):

- Ethiopia: 20,145 ha land irrigated at the
Fincha Sugar Estate,

- Kenya: 29,439 ha used by flower and
vegetable producers, and

- Uganda: 3,244 ha land irrigated by
producers of sugarcane seedlings,
flower and vegetables.

The pressurized irrigation schemes are
concentrated in the vicinity of major cities and are
owned and operated by skilled entrepreneurs with
well-established market links.

(b) Improvement of crop varieties: Research
on improved crop technologies conducted
in the other NB countries is not comparable
to that of Egypt. However, the issue is
briefly discussed below to highlight the
efforts being made in some of the other NB
countries.

Research on the development of improved
crop varieties is among the predominant initiatives

in Ethiopia geared towards enhancing both land
and water productivity. Newly developed varieties
are noted to perform better than the former
ones, in terms of yield and resistance to diseases.
There is a requirement for the new varieties to be
evaluated for their attributes by a National Variety
Release Committee. A total of 85 crop varieties
were released in 2017 and the cumulative figure
to date is 1,198 (Table 6). A detailed agronomic
and morphological description for each new
crop variety is documented in the ‘Crop Variety
Register’ publication.>®

(c) Irrigation water management research
initiatives: This section aims at presenting
a couple of research examples in Ethiopia
in the field of irrigation water management
(Box 3 and Box 4). The research focused
on adaptive trials of existing technologies
that are already in practice elsewhere in the
world. However, the research outcomes are
often shelved.

4.3.5. Irrigation efficiencies in the Nile
Basin

This study aimed at capturing the overall irrigation
efficiency as well as its components - conveyance
and application efficiencies. Information on irrigation
efficiency was obtained for Egypt, Ethiopia, Sudan
and Tanzania.

Research on irrigation efficiency and the
subsequent investment on water saving interventions

Table 6: Summarized number of crop varieties released in 2017 and before in Ethiopia

Crop Category

Total
Data Source: MOANR 2017

Number of new crop varieties released by category
In 2017

Before 2017 Total

54 Mamoun, I.D. 2008. Best Practices for Water Harvesting, Community Managed Irrigation and Public/Private Managed Irrigation in
the Sudan. Efficient Water Use for Agricultural Production Project (EWUAP). NBI

%5 MoANR 2017.
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Box 3: Alternate furrow irrigation research on potato fields*® in Oromia, Ethiopia

The research was conducted on a 6 m by 10 m farm block aiming at comparison of furrow irrigation
technigues as a function of their respective potential for: water saving; increase water productivity; water
use efficiency; and, crop yield. The research was conducted in the humid climate of western Ethiopia,
particularly in the West Shoa zone of Oromia region. Results confirmed that irrigation treatments
significantly influenced yield, water productivity and water use efficiencies of potato as shown in the
table below.

Attributes of alternate furrow irrigation compared to other furrow methods: Research findings

Parameter Furrows with Every furrow Fixed furrow Alternate
farmer practice irrigation irrigation furrow
irrigation
Average Field Application Efficiency, % 34 52 61 67
Potato Tuber Yield (kg/ha) 30,098 33,369 30,177 33,198
Water Productivity Kg/m?3 41 6.1 10.7 n.2
Distribution Uniformity, % “Low" 85.3 75.4 89.3

Typology considered in the research:

»Every furrow irrigation (EFI): furrows with blocking at the end and water delivered to every furrow;

»Fixed furrow irrigation (FFI): furrows with blocking at the end and water applied only to odd furrows
(1, 3, 5 and 7) throughout the growing season; and

»Alternate furrow irrigation (AFI): furrows with blocking at the end and odd numbered furrows (1, 3, 5
and 7) received water at first irrigation event and even numbered furrows (2, 4, 6 and 8) received water
in the next irrigation event; sequence repeated throughout the growing season.

»Furrows based on Farmers Practice (FFP): furrows made by farmers with no blocking at the end; and
water delivered to every furrow with farmers' irrigation interval;

Data Source: Eba AT (2018)

Box 4: Deficit irrigation research in Gondar, Ethiopia

The study compared the difference in productivity level of three irrigation depths namely: 0%, 25% and
50% deficit irrigations - all with an irrigation frequency of 2 days based on CROPWAT result. The study
found that applying 75% of full irrigation depth (i.e., 25% deficit) throughout the whole season resulted
in a comparable marketable potato yield (25.6 tons/ha) and higher water productivity (4.54 - 5.06 kg/m?)
as compared to 0% deficit irrigation (26.33 tons/ha) with an excess water of 157mm/season.

The research confirmed that deficit irrigation practiced in many parts of the world has significant potential
for increasing water productivity in areas prone to water scarcity.

Source: Meta, K.M. 2013

6 Eba, A.T. (2018)
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have been implemented at a massive scale in Egypt
compared to the other riparian countries as shown
in Section 4.3.2. The success is attributed to a
concerted effort made by the government and
research and academic institutions. However, in
the other NB countries, the agenda for irrigation
efficiency improvement was intermittent and limited
only within the circles of academic and research
communities, with little or no participation of other
key stakeholders as shown in Section 4.3.4.
Reviewed feasibility studies and design documents
show that irrigation schemes were designed using
irrigation efficiency values recommended in FAO
publications. Limited documents were also found
that show attempts made to quantify irrigation
efficiencies in some NB countries with results similar
to those noted in FAO publication, with the exception
of some outliers. The most commonly used efficiency
values given in FAO technical guidelines are:

- 50 -70% for application efficiency
- 40 - 70% for conveyance efficiency,

Some of the updated information on irrigation
efficiency values is presented below.

(a) Irrigation efficiencies in Egypt: Average
conveyance efficiencies estimated in Egypt
were 82.4%, 92.7%, and 98.38% for
traditional earthen, lining and buried pipes
conveyance systems, respectively (Eddin

et al. 2016). The average of application
efficiencies in Eqgypt was reported as 81.5 %
under ‘improved on-farm surface irrigation’
(i.e., with precision laser land leveling)
compared to 59% under ‘traditional surface
irrigation’ (Eddin et al. 2016) (i.e., with no
land leveling).

b) Irrigation efficiency in Ethiopia: A number
of schemes in Ethiopia are characterized
by inefficient water use. Such inefficiency
commences right from the source where
water in excess of the requirement (for crops
and allowable losses) is delivered into the
conveyance system® %8 (Table 7). The indicated
excessive diversion /pumping/ is attributed
to lack of capacity in water management and
water measuring/control facilities.

The abovementioned conveyance efficiency
is comparable with that of Meila (74.48%), Haiba
(53.2%) and Mai Nigus (58.26%) schemes,
respectively®®. The loss of water in the conveyance
and distribution system is attributed to poor
construction and maintenance of canals and related
structures. In a number of schemes, water control
structures are either lacking or nonfunctional
due to neglect or misunderstanding of their uses.
Conveyance losses are noted to be the major causes
for low irrigation cropping intensity (reduction of the
irrigable areas)®.

Table 7: Irrigation water loss per unit canal length at the Haleku MelkaTesso Scheme

Water Loss/meter; I/s/m

Conveyance Efficiency, %

Lined Unlined Lined Unlined
Main Canal 0.01 - 0.03 0.04 - 0.23 91-96 67 - 85
Secondary Canal 0.02 - 0.32 66 - 89
Tertiary Canal 0.04 - 0.22 40 - 95

Source: Beshir, K. L. 2008. Note: The higher side of the conveyance efficiency is applicable to the head reach of the canals.

Application efficiency measured in 10 locations
across Ethiopia (5 of which were within the Nile
Basin) show that farmers at the head reaches
received on average 14% more water than their
requirement, while those at the middle and tail end
reaches were undersupplied on average by 18% and
48%, respectively®

57 Agide. et.al. 2016

58 Beshir Keddi Lencha 2008
59 Mintesinot et al. 2005

0 Agide et al. 2016

6! Agide. et al. 2016

62 Mintesinot et al. 2005

Many small-scale irrigation farms are
characterized by short furrow length with closed
end. This arrangement is believed to contribute to
higher application efficiency: for example, 89% in
Haleku Melka Tesso Scheme, 72.84% in Meila, 64.7%
in Haiba, and 85.4% in Mai Nigus Scheme (Tekeze
Basin)®. On the other hand, furrows with open end



were found to have an application efficiency of as
low as 36% in Haleku Melka Tesso Scheme. Another
reported cause of low efficiency was the loss of water
by deep percolation resulting from prolonged water
application by farmers situated at the head reach.
For example, analysis of soil moisture measurement
data collected from Geray®3, (Gojam, Abay Basin)
shows that the farmers at the head reach applied
74% - 253% more water to their respective plots
than the requirement. On the other hand, many
downstream farmers abandoned irrigation due to
shortage of water although the main canal had a
flow of 1.Im3/s, which is adequate enough for the
entire scheme. Hence, the area under irrigation was
unnecessarily reduced to 215 ha (which is 47% of the
454 ha equipped with infrastructure).

C) Irrigation efficiency in Sudan: There are
contradictory reports on the irrigation efficiency
values obtained from Sudan. According to Ahmed,
A.M.Tiffen, M. (1986), surface irrigation efficiencies
in Sudan are a function of two water application
systems namely (i) long furrow and (ii) level furrow-
basin (locally called Angaya) systems.

Long furrow irrigation is practiced mainly in
sugar schemes, e.qg., Kenana, Guneid, Asalaya and
New Halfa Sugar Scheme and other furrow-based
schemes - with 85% and 80% conveyance and
application efficiencies, respectively, or with a 68%
overall irrigation efficiency. An overall irrigation
efficiency of 78% (conveyance and application
efficiency of 93% and 84%, respectively) is reported
for Kenana Sugar Estate (34,020 ha), which is a
private irrigation scheme where irrigation water
is delivered through a closed gated pipe system®.
(Note: it was not possible to verify the information
given the lack of additional documents).

Level furrow-basin (Angaya) system is the
predominant system practiced in large schemes in
Sudan, such as Gezira, New Halfa, etc. The ‘level
furrow-basin (Angaya)' system is constructed by
preparing furrows parallel to the length of the
field (280 m length). Then, the field is divided into
16 Angaya by water courses called Gadwals. Each
Angaya (280/16=17.5 mx150 m) is further divided
into eight basins (or locally called as 'Hods') of (17.5
mx150/8=18.75 m). Ahmed, A.M.; Tiffen, M. (1986)%°
reported an application efficiency of 75% under this

63 Chekol, G. 2007

¢ Mamoun, I.D. 2008.

65 Ahmed, A.M.; Tiffen, M. 1986
% Plusquellec, H. 1990

¢ Mamoun, I.D. 2008
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system due to the fact that it merges the merits of
furrow and basin systems, i.e.,

- The furrows inundate only part of the
surface and allow faster water distribution
and less percolation losses due to reduced
advance and wetting time resulting in less
water used.

- The basins are very small 17725 m x 1875 m
with no likelihood of waterlogging.

It appears that the above information could
have been the basis for the 2015 NBI baseline
study to adopt high overall irrigation efficiency for
Sudan, which is 68% (for gravity), 75% (pumping
and gravity), 76% (pumping and flooding), and
86% (pumping). The overall efficiency for the
gravity system (68%) is the product of conveyance
efficiency of 85% and application efficiency of 80%.

The abovementioned high efficiency figures could
have been valid for Sudan if, and only if, the canals
were well maintained®®. It should be noted that the
application and conveyance efficiency values for
Sudan are higher than what was applied for the other
countries, which are 50% - 70% and 40% - 70%,
respectively. The indicated conveyance efficiency
values are applicable only to well-maintained canals
in dug soils according to FAO publications.

It is evident that water loss by deep percolation
is insignificant in most of the irrigation schemes in
Sudan due to the impermeable nature of the soil
and subsoil (vertisol)®”. Moreover, it is apparent
that land leveling and the nearly plain topography
might have contributed to uniform water delivery
across the command area®. However, the indicated
‘negligible deep percolation loss’ and ‘uniform water
distribution’ parameters alone can mislead judgment
on the performance of the irrigation schemes in
Sudan. Low infiltration capacity of the vertisol
coupled with plain topography and leveled fields
indicate the potential stagnation of the irrigation
water on the surface, the consequent of which is
high loss of water by evaporation - by extension
low irrigation efficiency. In other cases, irrigation
schemes operating under substantial water stress
could have 'high irrigation application efficiency’,
but land and water productivity could be low due to
inadequacy of the available water supply.
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Coping mechanisms applied in water stressed
areas are either to apply the available water thinly
over the entire command area or cut irrigation supply
to a portion of the command area. In both options,
overall production is low. According to two research
reports®®7°, the 10-year-average hydraulic water use
efficiency (net crop water requirement divided by
the total water applied) in the Gezira Scheme (which
encompasses nearly half Sudan’s irrigation area) was
82% for cotton, 59% for sorghum, 73% groundnut
and 87% for wheat fields. The denominator in the
hydraulic efficiency is ‘total water applied’ not ‘total
water stored in the root zone'. Thus, the ‘hydraulic
efficiency’ parameter alone cannot give a conclusive
proof of the application efficiency (or performance)
of the Gezira Scheme. The water productivity (yield
in (kg/ha) divided by the water applied in (m* /ha))
is 0.07 kg/m?3for cotton, 0.34 kg/m?3 for sorghum, 0.3
kg/m3 for groundnut and 0.2 kg/m? for wheat™ "2,
Such a low productivity level is reportedly
attributed to using lower number of irrigations than
recommended, long distance of the water source
from the farms, waterlogging and limitations in
agronomic practices™.

Another study™ in the Gezira Scheme, confirmed
that water productivity at the scheme level is very
low (less than 0.2 kg/m? of applied water with the
major crops namely: cotton, sorghum, ground nuts
and wheat). Yields of cotton and wheat were noted
as two to three times below the yields achieved in
the research stations’. This is partly attributed to
two reasons namely: (i) water is not delivered at the
right time with the right quantity due to poor canal
condition caused by siltation and weed growth and
(ii) poor management of irrigation water at the field
level™. Reports also show that some irrigated fields
were out of production because conveyance capacity
of the water supply canals was reduced by heavy

8 Ali Widaa et.al. 2011
70 Adam et.al. 2017

" Ali Widaa et.al. 201
72 Adam et.al, 2017

7 Adam et.al. 2017

7 Plusquellec, H. 1990
7> Plusquellec, H. 1990
7 Ahmed, A.S. (nd).

77 Plusquellec, H. 1990
78 Mamoun, I.D. 2008.
2 NBI 2016

80 Sokoine University of Agriculture, 2008

siltation™. Poorly maintained canals retard canal flow
and causes spillage and/or high evaporation losses.
These statements are challenges to the claim for the
exaggerated efficiency in Sudan.

It appears that due to the prevailing water
shortage, the cropping intensity in Gezira was
designed for a cropping intensity of 75% with
a five-course crop rotation of: cotton, sorghum,
groundnuts, wheat and one fallow in between.
However, the actual cropping intensity over the
years was 50% involving an eight-course rotation
of: cotton, fallow, fallow, cotton, fallow, sorghum,
lubia, and fallow™. The most recent estimated
cropping intensity for all irrigation schemes
in the country is 65% and it is attributed to
water scarcity™. Therefore, the abovementioned
arguments call for considering one of the schemes
in Sudan as a candidate in the forthcoming
benchmarking exercise.

d) Irrigation efficiencies in Tanzania: The
estimates of irrigation efficiencies for Tanzania,
adopted from the National Irrigation Master Plan
for Tanzania are presented in Table 8. The master
plan does not show any explanation on how the
efficiency figures were determined. Moreover, no
literature was found to verify the methodology
adopted in quantifying the efficiencies. However,
the indicated figures appear to be consistent
with the FAO guidelines. According to a previous
study®®, the actual irrigation efficiency is much
lower than what is noted in the Tanzanian Irrigation
Master Plan 2018. Tanzania had launched a World
Bank financed project (2001 - 2004) aiming to raise
irrigation efficiency from about 15% to an average
of 30% through technical interventions. The result
of the intervention was that the average overall
irrigation efficiency increased from a baseline of
1% to 27%.



Table 8: Irrigation efficiencies in Tanzania
Upland Crop

Em Eb Ed Et FA IE

Traditional scheme (unlined canal)
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Improved and new irrigation scheme (lined canal)

Em Eb Ed Et FA IE

Where:

Em: Efficiency of main canal FA: Efficiency of field application
Eb: Efficiency of branch canal IE: Irrigation efficiency

Ed: Efficiency of distribution canal IE=Em x Eb x Ed x Et x FA

Et: Efficiency of tertiary canal

Source: JICA 2018. National Irrigation Master Plan for Tanzania

4.4. Cropping Baseline Data (2018)

4.4.1. Overview

In this report, ‘cropping data' refers to crop types,
crop growth parameters, cropping patterns, cropping
intensity and cropping calendar data. Attempts were
made to collect the indicated parameters though
available information was rather limited. Hence,
country wise discussions in the following sections
are a reflection of the type of the newly compiled
datasets.

In general, the data on crop growth
parameters for all countries compiled by the NBI
in 2015 were still applicable in 2018. A systematic
review showed that crop growth parameters
used to estimate crop water requirements in all
countries were derived from FAO publications.
For some countries new cropping parameters
were obtained and presented in the respective
annexes.

8 Niyongabo, H. 2008.
8 Niyongabo, H. 2008.
83 Collins et al. 2013.

4.4.2. Burundi cropping baseline data

The predominant crop in Burundi is paddy rice,
which is grown on marshlands®. According to FAO
(2016) ~-AQUASTAT dataset, rice constitutes 47% the
cropping pattern in both wet seasons. During the
dry summer months (Season C as shown in Table
9), irrigation water is delivered to the marshlands
to grow vegetables thus permitting a third crop in a
year. During the dry season, irrigation is practiced
using furrows and watering hose pipes and buckets.
Main crops grown are commercial crops (sugarcane
and palm) and food crops (tomatoes, onions, corn,
and potatoes)®?. The other crops indicated above
are grown in the two wet seasons (namely Season
A and Season B as shown in Table 9) outside of the
marshlands (Table 9)%.

The abovementioned cropping pattern is more
or less consistent with the 2015 NBI baseline data,
which indicated paddy rice as the predominant crop
grown in the irrigation schemes of Burundi.
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Table 9: Crops and cropping calendar in Burundi

Sep Oct
Short wet

Nov Dec Jan

Climate

Key: P = Planting Y=Harvesting
Crops associated with each cropping season are:

Feb Mar

Long wet

+ Season A - maize, sweet and Irish potato, sorghum, banana, groundnut

+ Season B - beans, Irish and sweet potato, vegetables

» Season C - rice, maize, Irish and sweet potato, beans

Source: Collins et al. 2013

The average cropping intensity for Burundi adopted from the NBI (2015) baseline is 153% (Table 10)

Table 10: Burundi cropping intensity
District

Average
Source: NBI baseline dataset of 2015

4.4.3. Egypt cropping baseline data

The most recently (2018) published data on crop
growth parameters are presented in Annex B-1
through Annex B-5. The data includes new data
on dates of growth stage, crop coefficients and
water consumptive use for 17 crops disaggregated
by each of the five agro-climatic zones of Egypt
(Figure 1). For comparison, NBI's 2015 information
on crop-specific information is also presented in

Cropping Intensity, %

Annex B-6. The difference between the two datasets
(as shown in Table 11) is a discrepancy of planting
dates of many crops by about 15 days, and also a
slight difference in crop coefficients. The effect
of disaggregating the crop growth parameters
by agro-climatic zone is reflected in the water
consumptive use as shown in Table 11. The cropping
pattern for Eqgypt compiled in the NBI's 2015 dataset
remains valid (Annex B-7).
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Table 11: Comparison of previous and current crop growth parameters and cropping calendar for Egypt

NBI 2015

Baseline

Planting Planting Harvest Water Consumptive Use by Agro ecological Zones, mm
date date date Zone-1 Zone-2 Zone-3 Zone-4 Zone-5

Source: Ouda and Zohry 2018

Figure 1: Map of agro-climatic zones of Egypt using 10-year of ETo values

-
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Source: Ouda and Zohry 2018
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4.4.4. Ethiopia cropping baseline data

The crop growth parameters (Annex B-8) and
cropping pattern data (Annex B-9) compiled by NBI
in 2015 are still valid for 2018. An additional category
of cropping pattern data was obtained for Ethiopia
corresponding to the newly identified irrigation
schemes in each of the agro-ecological zones of
the country (Annex B-10 through Annex B-15).
Ethiopia’s cropping pattern is a dynamic process,
which is primarily governed by the prevailing market.
Irrigation schemes situated very close to urban
areas grow more vegetables as compared to those in
remote areas where cereals are the dominant crops.

The prolonged dry season in Ethiopia is favorable
for having two additional growing seasons (in other
words for having an irrigation cropping intensity of
at least 200%). However, the average irrigation crop
intensity in Ethiopia is in the range of 81% - 143%34.
Some of the reasons for not fully utilizing the
irrigable area for production during the dry season
are either one or a combination of the following®®:

- the base flow of the streams declines as of
November (i.e., 3 months after the end of
the rain season) caused by low catchment
yield and/or diversion of the water by
upstream users;

- water conveyance capacity of the canal
network could be reduced due to damage
or poor maintenance;

- amount of water stored in reservoir
dams could be below the design capacity
due to shortage of rainfall, seepage or
sedimentation;

- Prolonged time gap between harvesting
of the rain-fed crop (carried out in Sept. -
Nov.) and commencement of preparation
for irrigation (Dec. - Feb.). On the other
hand, farmers' reason for the delay in the
commencement of irrigation is the risk of
frost that occurs during November through
December. By extension, there is a gap in
introducing frost resistant crop varieties
and approaches:

84 Agide et.al, 2016
85 Leul, K.G. 20009.

- In some parts of western Amhara (West
Goajm Subbasin), the irrigable area is
poorly drained; thus, farmers have to
wait until the land gets workable in Dec
- Jan;

- In many irrigation schemes, the rain-
fed crop varieties used require a long
(»150 days) growing length. Thus, the
schemes are planted fully with one
rain-fed cropping and partly with a
second irrigated cropping in a given
year. There is a lack of crop varieties
that require a short growing length.

4.4.5. Kenya cropping baseline data

Three new schemes are identified in the Lake Victoria
Basin (with respective irrigated areas of 1,047, 22 and
702 ha) that grow paddy rice in the first season
and other crops (such as soybean, watermelon,
maize, tomatoes, sorghum and cowpeas) in the
second season. The details are presented in the
attached annexes. Apart from this, there is no new
information on cropping data for Kenya. Thus, crop
growth parameters and cropping pattern for Kenya
are adopted from the NBI (2015) baseline database
and are presented in Annex B-16 and Annex B-17.

4.4.6. Rwanda cropping baseline data

New data on crops and cropping pattern for Rwanda
were not found. According to the indicated NBI data,
rice accounts for 100% of the cropping pattern in
Rwanda. This could be valid for the two wet seasons
in a year (Season A and Season B), where 88.9%
and 84.3% of the farmers are engaged in rice
production (NISR 2016). However, vegetables are the
dominant crops during the dry season. Of the total
of 26 irrigation schemes identified, 13 schemes (i.e.,
4,627 ha out of 7,698 ha or 60%) are swamp-based
schemes used for growing rice over two seasons a
year; and then the schemes are used for producing
mostly vegetables in the dry season (locally called
Season C) (Table 12).

Crop growth parameters for Rwanda are
presented in Annex B-18.
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Table 12: Crops and cropping calendar in Rwanda

Sep Oct
Short wet

Feb Mar
Long wet

Nov Dec Jan Jul

Short dry

Apr May Jun

Climate Long dry

Note: P = Planting, G= Growing; Y=Harvesting periods

4.4.7. South Sudan cropping baseline
data

Crop growth parameters for South Sudan are
presented in Annex B-19. A new cropping pattern

(2018) for South Sudan is obtained as shown in
Annex B-20. There is a significant variation between
the Phase-l and phase-ll cropping dataset of South
Sudan in terms of crop types and cropping pattern
(Table 13).

Table 13: Comparison of Phase-l (2015) and Phase-ll cropping dataset of South Sudan

Source: ** (1) Ministry of Irrigation (1979). Nile Waters Study, Volume 3, Supporting report IV Irrigation. Sudan

(2) MEDIWR, Ministry of Electricity, Dams, Irrigation & Water Resources, The Republic of South Sudan (2015). PROJECT FOR IRRIGA-
TION DEVELOPMENT MASTER PLAN (IDMP) IN THE REPUBLIC OF SOUTH SUDAN. FINAL REPORT (ANNEXES, PART I).

4.4.8. Sudan cropping baseline data

Crop growth parameters for Sudan are presented in
Annex B-21 (obtained from NBI 2015 baseline data).
The NBI cropping pattern baseline data of 2015 is
still valid for 2018 and, is presented in Annex B-22
with one additional category of cropping pattern
data. The historical cropping pattern for one of the
largest irrigation schemes in Sudan - Gezira Mangil
- is presented in Table 14. The table shows that the
cropping intensity of the scheme in 1997 and 2014

was 65.8% and 69.7%. Such low cropping intensity
is a reflection of the scheme's low performance
most probably attributed to water shortage and poor
irrigation management as explained above.

The predominant crops grown in the irrigation
schemes of Sudan are cotton, groundnuts and
sorghum in the summer and wheat in the winter.
Experience from the Gezira Scheme could be
considered as representative for Sudan, because
its share in the country is 46% of the irrigated
area, 95% of cotton production, 100% of sugarcane
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production, 36% of sorghum and 32% of ground
nut production®. Cropping intensity in Gezira
was designed for a cropping intensity of 75% with
a five-course crop rotation of: cotton, sorghum,
groundnuts, wheat and one fallow in between.

However, the actual cropping intensity is 50%
involving an eight-course rotation of: cotton, fallow,
fallow, cotton, fallow, sorghum, lubia, and fallow®'.
The most recent (NBI 2016) data on cropping
intensity in Sudan is 65%.

4.4.9. Tanzania cropping baseline data

Crop growth parameters (Annex B-23) and cropping
pattern (Annex B-24) for Tanzania are adopted from

NBI's 2015 baseline database. The most recent cropping
pattern disaggregated by regions is presented in Table
15, which is obtained from the National Irrigation
Master Plan for Tanzania (JICA 2018).

4.4.10. Uganda cropping baseline data

Crop growth parameters for Uganda are adopted
from the NBI's 2015 baseline (Annex B-25). Irrigated
cropping patterns in Uganda include: rice (70%
of total equipped area), sugarcane (23%), flowers
(2%), fruits (1%), maize (1%), sesame (1%), and
vegetables (1%) (FAO 2016), which is consistent with
the cropping pattern of Uganda reported in the NBI's
2015 baseline data (Annex B-26).

Table 14: Historical cropping pattern of Gezira Managqil Irrigation Scheme - Sudan

Area (Ha)

1997

% of Equipped Area

2014 1997 2014

Source: Adopted from the excel file of the NBI baseline dataset of 2015

Table 15: Cropping pattern for regions in the Lake Victoria Basin of Tanzania

Paddy
(%)

Other major
field crops* (%)

Perennial
crops (%)

Vegetables**
(%)

* Other major field crops include: sunflower, groundnut, beans, sesame, sorghum and sweet potato
** Vegetables include: tomato, okra, onion, watermelon, pumpkin, cabbage and amaranths

*** Perennial crops include: cassava and cashew nut
Source: JICA 2018

8 Mamoun, |.D. 2008.
8 Mamoun, I.D. 2008



5. CONCLUSION AND
RECOMMENDATIONS

This baseline study aimed at updating the
information on irrigation infrastructure, irrigation
technology, efficiency and crops cultivated for the
current (2018) and future (2050) irrigation water use
projections as part of the irrigation benchmarking
study. The general limitation of this assignment was
that it relied on a desk-based review of secondary
information. The consulted institutions in the Nile
Basin countries lack sufficient documentation in
the area of irrigation. Thus, a substantial part of
the data was collected from online sources and
partly from the NBI and the IWMI. When recent
information was lacking, the study verified and
adopted information from the NBI baseline dataset
of 2015 as well as from other earlier publications. For
some schemes in Ethiopia and Tanzania, the missing
data on ‘area equipped for irrigation” were derived
from the respective cropped area in consultation
with practitioners.

Attempts were made to review multiple sources
to determine the validity of the collected data. A
regional consultation workshop with agricultural
experts from the Nile Basin (NB) was conducted from
February 23 - 25, 2019 in Kigali, Rwanda, to validate
the updated databases. Therefore, the baseline data
and information collected and/or verified through
this assignment can be used for the scheduled
subseqguent actions of estimation of current (2018)
and projected irrigation water demand.

Documentation on water saving technologies in
the NB is limited to pressurized irrigation system.
However, according to the consulted practitioners
from the NB countries, various efforts are being
undertaken to implement additional water saving
measures such as: canal lining, land leveling,
use of improved crop varieties and other water
management practices. These efforts, when at scale,
could have significant implication on the water use
efficiency in the NB. However, to date, information
on the extent of such measures as well as the
associated impact on water productivity is limited.
It is, therefore, recommended that the NBI set up a
program to monitor and collect relevant information
of implemented and ongoing initiatives undertaken
in the respective countries.

As far as irrigation technology and efficiency
is concerned, the study identified that Egypt is
excelling by implementing many water saving

88 EARO (Ethiopian Agricultural Research Organization). 2004.
8 MOFED 2010.
% Sokoine University of Agriculture,2008
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practices and, thus, may serve as a benchmark for
upstream countries. Eqypt's success is attributed to
the concerted effort of policymakers, practitioners
and research institutions. Such effective institutional
coordination must be considered as a best practice
to be adapted and scaled to other riparian countries
as well. The irrigation benchmarking approach to be
proposed under Component-5 can provide a vital
entry point for the NBI to coordinate with relevant
institutions to initiate and consolidate joint planning,
implementation and evaluation of improvement
works on existing irrigation schemes.

Moreover, the irrigation benchmarking exercise
(@nticipated to be initiated through recommendations
of Component-5) must be planned and implemented
in schemes having the potential to yield maximum
impact by influencing many other schemes suffering
from poor performance. In this regard, the priority
candidate schemes recommended for benchmarking
exercise are discussed below:

- As explained above, the Gezira Scheme
in Sudan is one of the largest irrigation
schemes in the world. Its performance is
low. Therefore, it could be considered as the
first candidate for benchmarking in view of
its low water and land productivity and the
potential impact it may bring to itself and
other large irrigation schemes in the vicinity;

- Next to Sudan in terms of area equipped
for irrigation and also having low water and
land productivity is Ethiopia. Ethiopia has
been striving to expand irrigated agriculture,
managing to do so at a very slow pace.
Though these efforts have contributed
to improving food security and income of
many rural households, the productivity
is still very low. The yield of the irrigated
crops is 30% - 50% of the yield actually
obtained in research and demonstration
plots®. The productivity of most average
farmers is two to three times lower than
that of the best performing farmers, which
is attributed to skill differences among the
farmers®. Moreover, observations made by
practitioners reveal that most schemes lack
a proper operation and maintenance system,
which is another cause for low water and
land productivity.

- A third scheme could be selected from
Tanzania where average overall irrigation
efficiency is less than 30%°°.
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7. ANNEX OF ALL COUNTRY LEVEL DATA

Annex A: Area Irrigated/Cropped and Area Equipped for Irrigation in the Nile Basin

Annex A-1: Area irrigated/cropped in the Nile Basin part of Burundi

District  Cropped Equipped Water Abstraction Abstraction per Cropping
(ha) (ha) (CM) cropped area Intensity, %
(CM/ha)

Source: NBI baseline dataset of 2015

Annex A-2: Area irrigated/cropped and area equipped for irrigation in Egypt

Scheme Name Area, ha Water Source Cropping
Cropped Equipped Type Name Pattern

Source of cropped area and cropping pattern: Central Agency for Public Mobilization and Statistics (CAPMAS), 2018. Annual Bulletin
of Statistical Crop Area and Plant Production 2015/2016. Ref No 71_22122_2016. Egypt

Source of Equipped area: Central Agency for Public Mobilization and Statistics (CAPMAS), 2017. Bulletin of Agricultural Boundaries
and Properties 2017. Ref No 75_221210_2017. Egypt

(@) Value given in CAPMAS (2017) combines Matruh and Alexandria. In the final selection Matruh was taken out separately and the
value for Alexandria (73127) was taken from Nile-sec feedback

(b) Matrouh data was combined with Bereha in the 2017 Arable land report. The indicated value is obtained from Alexandria (CAPMAS,
2017) arable land column minus Alexandria equipped: 172266.4- 73,127.33 = 99139.03

(c) Luxor and Qena combined: Same water source and cropping pattern,

(d) It combines Sina irrigation schemes

(e) This is the area on west of Nile river (The chain of oases—Kharga, Dakhla, Farafra, and Baharia—to the west of the Nile Valley)
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Annex A-3: Estimate of Irrigated Area in the Nile Basin Part of Ethiopia
Category I: Large Scale Irrigation Schemes

Irrigation Area, ha Water Source Cropping Overall
Cropped Equipped Type Name Pattern efficiency,

Scheme Name District %

(Source: IWMI 2018)
Source of cropped/equipped area: Abay Basin Authority, Bahrdar, Ethiopia

Category Il: Cumulative of scattered small scale Irrigation schemes by subbasin

Basin Subbasin Name Area, ha Coordinates Water Source
Type Cropping
Cropped Equipped Name Pattern
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Source for cropped area: GIRDC 2018; Source for equipped area: Assumption: 81% of equipped =cropped
Source of water resources: Communication with officers from Abay Basin Authority and Tigray Bureau of Water Resources

Annex A-4: Existing Irrigated Area in Kenya (NBI 2015)

ID Count  Scheme District Cropped Equipped Type River Crop
Name Name Pattern
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33,167 61,256
Note: NBI, 2015 data: Cropped = 20, 057 ha and Equipped = 47,483 ha
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Annex A-5: Area Irrigated/Cropped in the Nile Basin Part of Rwanda

ID Command area District Cropped Equipped Water Source Cropping
ha ha ha Type Name pattern

Source: Feedback from Nile-Sec: National Institute of Statistics of Rwanda, 2019.
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Annex A-9: Area Irrigated/Cropped and Equipped for Irrigation in the Nile Basin Part of Uganda

Scheme Name i Area (ha) Water Source
Cropped Equipped Type Name

Total Uganda, Nile Basin 0 21,190.0

Sources:

FAOQ. 2016. Uganda. AQUASTAT website. Food and Agriculture Organization of the United Nations (FAO).

JICA. 2017. The project on irrigation scheme development in Central and Eastern Uganda. Final Report. Volume-Ill: Atari Irrigation Scheme Development
Project (F/S).

Ministry of Water and Environment (MWE). 2011. A National Irrigation Master Plan for Uganda (2010-2035). Final Report.
Ministry of Water and Environment (MWE). 2015. Water and Environment Sector Development Plan 2015/16-2019/20.

Wanyama, J.; Ssegan,E H..; Kisekka, I.; Komakech, A..J;, Banadda, N.; Zziwa, A.; Ebong, T.O.;, Mutumba, C.; Kiggundu, N.; Kayizi, R.K.; Mucunguz,i D.B.;
Kiyimba, F.L.. 2017.

(@): Ministry of Finance, Planning and Economic Development (MOFPED), 2018: Modernization of Agriculture in Uganda. How much has government
done through irrigation BMAU BRIEFING PAPER (6/18). Uganda

(b): feedback from NILE-SEC
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Annex B-7a: Egypt Cropping Pattern 2016/2016

Scheme Fruits Palm Dates table Field crops (except sugarcane) Sugarcane Newly proposed Code

Source: CAPMAS, 2018

Note: CAPMAS (2018) aggregated the cropping pattern data of Egypt in four categories namely, fruits, palm dates, vegetables and crops. In this table,
the "“crop” category is splitted in to two (i.e. field crop and sugarcane) in view of the noticeable differences in water consumption. This table also shows
that the cropping pattern of each Governorate is unique and thus each must be assigned a unique code contrary to what was noted in the NBI baseline
dataset of 2015.
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Annex B-7b: Egypt Cropping Pattern 2014/2015

CP-ID Crop Type % of CP-ID Crop Type % of CP-ID Crop Type % of
Equipped Equipped Equipped
Area Area Area
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Annex B-7b: Egypt Cropping Pattern 2014/2015 (Continuation)

CP-ID Crop Type % of CP-ID Crop Type % of CP-ID Crop Type % of
Equipped Equipped Equipped
Area Area Area

Source: NBI baseline dataset of 2015
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Annex B-9: Cropping pattern Ethiopia

Crop Crop Type % of Crop Crop Type % of
Pattern Equipped Area Pattern Equipped Area

Source: NBI baseline dataset of 2015
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Annex B-10: Cropping pattern in West Gojam/Wet Weyna Dega/, Tana/Moist Weyna-dega/ and West
Gojam/Weyna Dega/ Subbasins

Crop by Season Cropping Pattern, % Remark and source of information
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Annex B-11: Cropping pattern in Awi/Dega/, Awi/ Weyna Dega/ and West Gojam-Guder/wet Weyna Dega
Subbasins

Crop by Season Cropping Pattern, % Remark and source of information
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Annex B-12: Cropping pattern in Guder-Ambo/Wet Weyna Dega/ and Megech Seraba-Tana/ Wet Weyna-
Dega/ Subbasins

Crop by Season Cropping Pattern, % Remark and source of information
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Annex B-13: Cropping pattern in East Gojam/Weyna Dega/ Lower Tekeze/Dry Weyna Dega/ and Middle
Tekeze/dry Kola/ Subbasins
Crop by Season Cropping Pattern, % Remark and source of information
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Annex B-14: Cropping pattern in Middle Tekeze/Dry Weyna Dega/, Lower Tekeze/Dry Weyna Dega/, and
Middle Tekeze/Weyna Dega/ Subbasins

ID Crop by Season Cropping Pattern, % Remark and source of information

Annex B-15: Cropping pattern in Upper Tekeze/Dry Kola/ Subbasin

ID Crop by Season Cropping Pattern, % Remark and source of information
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Annex B-17: Cropping pattern baseline data for Kenya
Cropping Pattern - Kenya Cropping Pattern - Kenya

Source: NBI baseline dataset of 2015
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Annex B-20: Cropping pattern for South Sudan

% of Equipped Area Number of Schemes and

Source: (i): Ministry of Irrigation (1979). Nile Waters Study, Volume 3, Supporting Report IV Irrigation
(ii) MEDIWR, Ministry of Electricity, Dams, Irrigation & Water Resources, The Republic of South Sudan (2015). PROJECT FOR IRRIGATION DEVELOPMENT
MASTER PLAN (IDMP) IN THE REPUBLIC OF SOUTH SUDAN. FINAL REPORT (ANNEXES, PART ).
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Annex B-22: Cropping pattern for Sudan

CPID Crop Type % of Equipped Area) CP ID % of Equipped Area)

Source: NBI baseline dataset of 2015 (except for SDN17)
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ropping pattern for Tanzania

Crop Type (% of Equipped Area)

Source: NBI baseline dataset of 2015
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Annex B-26: Cropping pattern for Uganda

Crop Pattern Crop Type % of Equipped Area Number of Schemes and Cropped Area

Source: NBI baseline dataset of 2015
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Annex C: Location of Irrigation Schemes in the Nile Basin Countries

Annex C-1: Location of irrigation schemes in Burundi

Annex C-1 (a): Location of irrigation schemes in Gitega Region in Burundi
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Source: NBI baseline dataset of 2015
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Annex C-1 (b): Location of irrigation schemes in Karusi Region in Burundi
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Annex C-1 (c): Location of irrigation schemes in Kyanza Region in Burundi
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Annex C-1 (d): Location of irrigation schemes in Kirundo Region in Burundi
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Annex C-1 (e): Location of irrigation schemes in Muyinga Region in Burundi
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Annex C-1 (f): Location of irrigation schemes in Mwaro Region in Burundi
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Annex C-1 (g): Location of irrigation schemes in Ngozi Region in Burundi
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Annex C-2: Location of irrigation schemes in Egypt

Source: NBI baseline dataset of 2015
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Annex C-3: Location of irrigation schemes in the Nile Basin part of Ethiopia
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Source: Generation Integrated Rural Development Consultants (GIRDC), 2018. (draft) Assessment of National Water used and Demand Forecast:
Part 1I: Water uses and Demand Forecast: II-C: Agricultural Sector Water use and Demand Forecast. Ministry of Water, Irrigation and Drainage and
Energy. Addis Ababa.
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Annex C-4: Location of irrigation schemes in Kenya
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Source: NBI baseline dataset of 2015

Annex C-5: Location of irrigation schemes in Rwanda

Source: NBI baseline dataset of 2015
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MEDIWR, Ministry of Electricity, Dams, Irrigation & Water Resources, The Republic of South Sudan (2015). Project for Irrigation Development Master Plan (IDMP) in the Republic of South Sudan. Final Report (ANNEXES, PART I).

Aquastat http://www.fao.org/nr/water/aguastat/countries_regions/SSD/

Cross checked by data for the White Nile Pump Schemes Grouping - Ministry of Irrigation Sudan.
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Annex C-7 (a): Coordinates of the irrigation schemes in Sudan

Count Scheme Name Latitude Longitude

Blue Nile System

White Nile System

Atbara System

Main Nile System

Source: Generated from Google Earth by Professor Younis Gismalla; email: hrs_younis@hotmail.com
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Annex C-7 (b): Location of Atbara Irrigation Schemes in Sudan
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Annex C-7 (c): Location of irrigation schemes in the Blue Nile of Sudan
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Annex C-7 (d): Location of irrigation schemes in the Main Nile of Sudan
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Annex C-7 (e): Location of irrigation schemes in the White Nile of Sudan
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Annex C-8: Location of irrigation schemes in Tanzania

R ot ]
r

L]
E

e
\
|

Sy | |
= |
. e i
. ./
—a
"\, I|
— ) f
— f |
Y
9 -
§ ' L o,
) T W TR
- p oy F ol . \
.r""f- e A\‘ - -I'h._."r | r-r. ‘% =
¥ .\__\:é -:\‘\. "\\_.r"llr
i ' | by g |
I| 2"‘ JJ"H‘_E
h‘“.\ Y o TANZAMIA & Fa
| i i = o
-t e W S b
/ et f x"‘"--/j b
'l: = { - . ¥ g g g Lot ek
\ [ - ,-"'/ -
i o O ..‘_, T
5 " l"f g P g leam P
e ! - ‘- [
e ..-.’:‘\T I,l':l VI —y
.
4 t“l — ey ey
/ Fhos Uy 4 ol e BBy o b s Bonrbiry [ . P

Source: NBI baseline dataset of 2015



m BASELINE DATA AND DESCRIPTION REPORT

Annex C-9: Location of irrigation schemes in Uganda
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Source: NBI baseline dataset of 2015
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