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Explaining shifts in adaptive water management using a genderedmulti-
level perspective (MLP): a case study from the Nile Delta of Egypt
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aInternational Center for Agricultural Research in the Dry Areas, Cairo, Egypt; bThe Agricultural Research Center of Egypt, Cairo,
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ABSTRACT
Understanding the logic behind farmers’ choice of adaptive water management
practice is important to appreciate the opportunities and challenges they face and to
scale targeted solutions effectively. This paper aims to understand the main drivers
of change that induce adaptation in water management. The Multi-Level Perspective
(MLP) framework that juxtaposed the within and across micro-, meso-, and macro-
level drivers was applied to a case study of the Nile Delta to identify key drivers of
change and farmers’ adaptive responses. The framework helped in contextualizing
key gender, temporal, and spatial dimensions of the drivers, and to identify their
individual and interactive effects on farmers’ adaptation decisions. We find that
farmers’ gender-differential water management choices are influenced not only by
the individual changes in the three spheres of influence but also their interactions.
The study highlights the benefits of using MLP to identify challenges that should
often be tackled simultaneously to improve agricultural water delivery and use. We
demonstrated that adaptation choices in water management are more sustainable
when farmers’ decisions are supported by enabling environments, including local
regulations, norms, national institutional frameworks, and policies. They are also
informed by and responsive to global trends such as climate change and markets.

KEYWORDS
Adaptation; gender; multi-
level perspective; irrigation
water management; climate
change

1. Background

The Middle East and North Africa (MENA) are one of
the most water-scarce regions in the world, with an
average annual per capita water consumption that
is about half of the water scarcity threshold (1000
m3/capita/year) and an expectation to reach the
absolute water scarcity threshold (500m3/capita/
year) by 2025 (Bird et al., 2016; Qadir et al., 2010).
Egypt has one of the world’s lowest per capita water
shares globally, which is further aggravated by
increasing population growth and industrialization
(MWRI, 2014). Agriculture is one of the cornerstones
of the Egyptian economy, which consumes 86% of
Egypt’s water share and supports the livelihoods of
about 55% of the population (Abu Zeid & Elrawady,

2014). Effective management of water resources is
thus a national priority to maximize efficiency per
unit of water and rationalize its use to meet the
growing demand within the agricultural and non-agri-
cultural sectors.

Egypt’s irrigation water in is mainly sourced from
the Nile River and freely supplied to farmers through
a well-established irrigation network. The main canal
water is supplemented with agricultural drains. Recy-
cling of the drainage water is officially managed by
the Ministry of Water Resources and Irrigation
(MWRI), which either pumps it back into the Nile
River and irrigation canals or uses it to recharge
shallow groundwater in the Nile Delta (Wolters
et al., 2016). Within the delta, farmland location is
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critical in determining farmers’ access to and reliance
on canal and/or drainage water, which determines a
farmer’s access to the amount and quality of water.
Generally, water availability and quality decline as
one goes from the head to the tail end of the canal
or drain. The access also varies over time depending
on changes in temperature and changes in water
demand and consumption by upstream users. In the
latter case, the change also includes changes in the
quality of effluents that enter the drains, including
the quality of the agricultural drainage, treated waste-
water that is pumped into the drains, and discharges
from neighbouring households (Molle et al., 2013).
Therefore, farmers are constantly learning and adapt-
ing to make the best use of scarce resources to
support their livelihoods.

Adaptation refers to a specific reaction to a shock
or change and involves some form of learning (Strin-
ger et al., 2020). It includes responses to perceived
risks and calculated responses to maximize benefits
and become more resilient (Tatlıdil et al., 2009). Adap-
tive management can be applied at the individual,
community, national, and global levels depending
on the driver of change and ability to adapt, including
the policy and institutional environment, which
enables or hinders change (Simane et al., 2016; Tomp-
kins & Adger, 2003). However, the literature indicates
that adaptive management is relatively easy when it is
done by an individual, as the entire process starting
from adaptive experiments to adaptive governance,
happens within one person who has the flexibility to
learn by doing and continually adapt and change as
needed (Stringer et al., 2020).

Adaptation and adaptive water management are
also influenced by several factors that influence
farmers’ adaptive capacity and their preferred
choices of response. Among these include differences
in adequate and timely access to key natural
resources, information, technologies, markets, and
alternative sources of income; variations in levels of
education; incompatibility of technologies with local
conditions; and institutional frameworks, which
create enabling environments or hinder large-scale
adoption of proven technologies and agricultural
practices (Emerick et al., 2016; MacAlister & Subrama-
nyam, 2018; Nguimalet, 2018; Nyberg et al., 2021;
Rodenburg et al., 2021; Sujakhu et al., 2018; Tessema
et al., 2017; Yigezu et al., 2021). The literature is,
however, dominated by analysis from biophysical per-
spectives where the goal is to improve resource man-
agement at different levels, or is neoliberal oriented

where the goal is to find optimal economic outcomes
that provide the best economic scenario from the per-
spective of the household or national economic inter-
est. The role of gender in technology adoption
processes is also well documented by many other
studies, which demonstrate the gender-based differ-
ences in access to extension services, improved
seeds, agricultural technologies, etc. and its sub-
sequent effect on low levels of adoption and agricul-
tural productivity on women-owned farms (Doss,
2015; Gaya et al., 2017; Nyberg et al., 2021; Peterman
et al., 2010; Ragasa et al., 2013, 2014). However, there
is a gap in the literature that systematically presents a
comprehensive view of the combined effect of
different factors that influence farmers’ choice of
adaptation strategy. Against this backdrop, we seek
to understand the key factors that influence farmers’
choice of an adaptation strategy and the interlinkages
between them if any.

In the next section, we delve into the methodology
used to identify the study sites and collect and
analyze the data. In Section 3, we present the results
of our analysis – which applies the MLP approach to
establish a comprehensive and gendered understand-
ing of the factors that influence farmers’ decisions, the
discussion of which is offered in Section 4. The last
section summarizes the key findings and concludes
with suggestions for future studies to understand
the logic behind farmers’ choice of adaptive water
management practices.

2. Materials and methods

In this study, we seek to answer the following specific
questions:

(i) What are some of the key bio-physical and socio-
economic factors that influence farmers’ choice
of adaptive water management practices?

(ii) Are there gender-based differences in the types
of adaptive water management practices
implemented by male and female farmers?

(iii) Are there inter-linkages between the different
factors? And if so, how do they collectively
influence farmers’ choices of adaptative water
management practices?

To this effect, we use data on various variables col-
lected from several sources and specific locations in
Egypt, to which we applied the MLP approach, the
details of which are presented below.

1398 B. DESSALEGN ET AL.



2.1. Study area

Kafr El-Sheikh governorate is located in northern
Egypt, bordered by the Mediterranean Sea in the
North, by Gharbia governorate in the south, Dakahlia
governorate to the east, and by River Nile’s branch in
Rashid to the west. The governorate’s total area is
about 3748 km2 and is characterized by traditional
agriculture. Dominant crops grown in the area
include rice, wheat, corn, and broad beans. The gover-
norate suffers from a chronic water shortage,
especially during the summer season, as it is located
at the tail-end of irrigation canals. Farmers thus com-
monly use agricultural drainage water, which is of
lower quality, to irrigate their fields. The governorate’s
proximity to the sea also exposes it to high levels of
soil and water salinity due to high groundwater
tables and seawater intrusion. While the villages
located at the head of the drain sometimes use
mixed water (canal and drain water) for irrigation,
the quality declines as one moves along the drain,
with villages located at the tail-end at times mixing
the drain water with water from the Mediterranean
Sea. As is the case with many farmers in the delta,
most farmers in Kafer Sheikh use surface irrigation.
The study was conducted in Hamrawe, Daqalt, and
Arimon canal domains, representing different water
management practices (Figure 1).

2.2. Data

For data collection, the three sites in the governorate
were purposely selected to represent areas with
different but traditional water management practices
such as furrow surface irrigation, elevated concrete
mesqas by replacing earthen ones, and subsurface
pipelines, respectively. Daqalt also represents an
area where improvement in legislation and organiz-
ing management practices was undertaken.
Additional information on the selected areas, includ-
ing current water management practices
implemented, is summarized in Table 1.

Site selection was further broken down by the
location of the farms along the canals to account for
differences in quantity and quality of water available
to them. As such, selected sites represented the
upper, middle, and tail end of each domain (see
Figure 2).

Qualitative data were collected to garner the
required insight and nuance into the complexities
that inform farmers’ choice of adaptation strategy.

The data were collected using Focus Group Discus-
sions (FGDs) and Key Informant Interviews (KIIs) held
with relevant stakeholders. FGDs were selected as a
preferred method of data collection as they offer
greater opportunities and flexibility to seek a deeper
understanding of standard views on the topic
because they, for further exploration through follow-
up questions, capitalize on collective memory to
establish the historical chronology through agreed
landmark events, and assess the logic behind
farmers’ choices and decisions (Asmamaw et al.,
2011; Nyumba et al., 2018). The discussions were
guided by semi-structured objective and subjective
questions, which sought to capture the incremental
nature of adaptation to challenges in agricultural pro-
ductivity, including changes in – access to quantity
and quality of water, arable land, agricultural infor-
mation, and inputs; markets; government policies
and social norms; the role of a community-based
organization (CBOs), and perceptions on climate
change (CC). During the FDG, we encouraged discus-
sion and recorded only the results that got consensus.
KIIs were needed to solicit expert opinions from
selected individuals, who have special knowledge
on the subject matter, either based on their specific
position or role within the overall irrigation water
management in the area (Marshall, 1996). The KIIs
were also conducted using semi-structured questions
designed to solicit required data from those knowl-
edgeable in terms of experience, expertise, and his-
torical knowledge.

A total of 27 KIIs were conducted with relevant
community members, including agricultural and
specialized extension agents, governorate level
public officials, and heads of agricultural cooperatives
(AC) and water user associations (WUAs). A total of 34
FGDs were held with 308 participants representing
different community groups to account for variations
in capabilities at their starting points and the types of
adaptive responses available to them (Table 2). In the
mid canals of Deqalt and Arimon, two FGDs each were
held among the men, women and youth as there were
more people available to participate in the discus-
sions. In so doing, we included vulnerable groups of
the community, whose perspectives are often
excluded or under-represented (Adger, 2006). This is
also based on the understanding that different man-
agement practices have different implications on
different members of the community (positive and
negative externalities) and that vulnerabilities could
be compounded by other shocks to the system.
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FGD discussions were held among farmers with
land holdings in the head, middle and tail ends of
Hamrawe, Daqalt and Arimon branch canal domains.

The farmers were randomly selected from among a
pool of farmers identified through a stratified
sampling method to ensure equal geographical rep-
resentation. Recall-based questions were used to
establish a historical recount of the drivers and
ensuing reactions. Farmers were thus encouraged to
compare their current practices with their manage-
ment practices 5 and 10 years ago and explain the
logic behind their decisions to adapt their ways. The
questions also sought to capture normative changes
to assess broader contexts that facilitate or hinder
change.

In the case of CC, we expanded the time to 30
years, as trends in CC take longer to manifest. Accord-
ing to IPCC’s MENA report, CC is expected to increase
temperature and reduced annual precipitation in the
region (IPCC, 2021). However, reduced precipitation is
not anticipated to impact Egypt as average rainfall is
already low. We thus considered changes in average
annual temperature as a proxy indicator for CC to

Figure 1. Geographic locations of the study area.

Table 1. Management practices at the level of the three canal
domains.

Hamrawe Daqalt Arimon

Start Date of Implementing
Improved Irrigation

– 2007–
1998

2003/2002

Mesqas’ Improvement Start
Date (Improved Field
Irrigation)

– 2001 to
date

2011, 2016

Fuel/Energy Source – Diesel Electricity
and Diesel

Total Cultivated Area – 5500
acre

3300acre

Total Improved Area – 4440
acre

835acre

Improvement Rate
(Improved/Cultivated)

– 0.8 0.25

No. of Stations – 74 31
No. of Community-based
organizations

– 4 1
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assess farmers’ awareness of climate change and
climate variability and its potential effect on agricul-
ture (Tadese et al., 2021).

As changes in temperature are understood by
farmers in relative terms, we used coloured and num-
bered gradients to assess their perceived change on a
scale ranging from 0 (coldest summer temperature) to
10 (extremely hot temperature in the summer), and
another scale ranging from 0 (Warmest winter temp-
erature) to 10 (extremely cold temperature). Gradient
number 5 represented the average temperature in
both cases. Colour codes showed participants the
incremental differences between the gradients (See
Figure 3). Although the initial plan was to use these
as Likert scales during the discussion, it proved
difficult to secure specific numbers as farmers pre-
ferred to speak in relative terms such as ‘hotter’,
‘warmer’, and ‘colder’. The planned quantitative analy-
sis was thus revised, and the collected data were ana-
lyzed along with the rest of the qualitative data
collected using thematic coding schemes.

2.2.1. Ethical considerations
Ethical protocols were made throughout the data col-
lection process. All the participants involved in the
FGDs and the KIIs were informed that all collected
information would be confidential. They were made
aware that they should only answer questions that
they are comfortable addressing and that they could
stop the discussion and/or interview at any time. All
the interviewees were voluntary participants. All the
individual answers were recorded as confidential
information and were analyzed anonymously to be
strictly used for the study. All data were collected
after verbal consent to these conditions was received
from all participating individuals. No specific

permissions were required from local authorities
though they were informed of the study’s objectives
and planned to collect qualitative information and
were given copies of all proposed questions.

2.3. Methods

Collected data were first transcribed and systemati-
cally organized into thematic groups and sub-
groups in line with the research questions. Then, we
created a large matrix based on three variables,
namely village, location, and farmers’ grouping. Each
of the first two had a three-tier classification within,
while the third had a four-tier classification as
follows: The village variable takes one of three
values, namely Arimon, Hamrawe, or Daqalt; the
location variable is classified into three categories
called Upstream, Middle, and Tail; and a farmers’
grouping can be either of men, women, youth, or
woman household head. Accordingly, we created a
3 × 3 × 4 matrix containing 36 cells indicating that
each question was answered by 36 unique respon-
dent types. As the same questions were presented
to each of the unique groups, a qualitative analysis
method was used to compare the results in each of
the 36 cells and identify similarities and differences.
The data were further scrutinized to understand the
explanations for the findings and assess the validity
of the data through triangulation. Responses from
the KIIs were very useful to validate some of the
responses from the farmers and in offering insight
into relevant community and national level influ-
ences. Due to the nature of the data (single obser-
vation per unique cell), no statistical analysis or
parametric and non-parametric tests were carried
out in this study.

Figure 2. Hierarchic description of the specific sites selected for the study.
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2.3.1. The multi-level perspective (MLP)
framework
MLP involves classifying themes into different levels
of influence. We use an adapted version of the MLP
approach, generally used in innovation studies to
understand the initiation, evolution, and adoption of
innovations. Under the MLP approach, change from
one technology to another is an outcome of multiple
inter-related factors that occur at the micro, meso,
and macro levels, as opposed to single causation
(Geels, 2002, 2004, 2005, 2010; Geels & Schot 2007;
Markard & Truffer, 2008; Smith, 2007; Smith et al.,
2010). The micro-level captures the niches that facili-
tate the generation of radical innovations; the meso-
level represents the landscape where innovations
become stable and even go through trajectories sup-
ported by enabling environments; and the macro-
level represents the scenario where changes take
place in gradual steps (Geels, 2002).

Adapted versions of the approach have been
applied in other studies. For instance, MLP was used
to explore reasons for abandonment of maize land-
races in Mexico (McLean-Rodriguez et al., 2019). In
this case, MLP was used to study varietal loss as a
process while accounting for multiple causes and
the interactions among them. We adopt the transpar-
ency of the MLP framework, particularly its ability to
consider different factors across various levels and
spheres of influence to understand farmers’ adap-
tation choices. We use the MLP approach to explore
the role of multiple drivers of change across the
micro-, meso- and macro- levels of influence and
across different community groups and their sub-
sequent implication on farmers’ choice of adaptation
strategies.

In this study, the micro-level refers to drivers of
change over which the farmer has control or the
ability to respond to and influence outcomes; the
meso-level represents community-level factors, includ-
ing norms and institutions that reinforce or create an
enabling environment for change that farmers can
organize themselves to respond to; and the macro-
level represents slow-changing factors including
policy changes, population growth, global economic
trends, and climate changes that are beyond the
control of the individual farmers or communities.
We used these descriptions to classify and categorize
collected data on various drivers of change that
induce farmers’ individual and/or collective adap-
tation measures. We explored their interactions for a
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comprehensive understanding of the system. In this
context, adaptation is understood as incremental
changes induced by changes in one or more levels
of influence. We used the MLP to examine how
farmers adapted their water and land management
practices in response to emerging challenges across
the three levels of influence by comparing current
practices with strategies used 5 and 10 years ago.

3. Results

The results show key adaptation strategies widely
used by farmers, including changes in the source
and/or methods of irrigation, crop and/or varietal
choices, agronomic practices, energy sources used
to power irrigation pumps, the contribution of agri-
culture to household income, reliance on the private
sector, gender norms and perceptions of a ‘good
farmer’, contribution of agriculture to household
income, and shifts in roles of civil society concerning
agricultural water management. Collected data on
key parameters were analyzed by age with special
consideration of the youth, sex (male/female), and
geographic location – to capture the contextual vari-
ations in endowments at the respective starting
points, differences in access to essential resources,
and ability to adapt and respond to prevalent chal-
lenges. Findings on each adaptation strategy, includ-
ing the timing and reasons for adaptation, are
presented below.

3.1. Change in the source of irrigation water

Under this category, the results show key bio-physical
conditions that influence farmers’ (men, women and
youth) choices of adaptive water management

practices. Farmers’ access to water is primarily
influenced by the amount of water the Ministry of
Water Resources and Irrigation (MWRI) releases into
the canal. Before 1990, the amount was based on
established cropping patterns (Kassim et al., 2018).
Currently, farmers in the old (the Delta) and the new
land (reclaimed agricultural land) can grow what
they want. However, this compromises MWRI’s water
rationing decisions and availability for downstream
users.

The geographic farm’s location also determines
the type, amount, and quality of irrigation water
farmers can readily access. Depending on the
farm’s location, farmers can tap into cleaner canal
water or be forced to rely on agricultural drains of
varying quality to irrigate their farms. Those
located at the head of the canal or agricultural
drain tend to receive better quality and a more
stable flow of water than those that own land at
the middle or tail end. The latter face relatively
greater water shortages, especially during the
summer and times of drought. The water quality
also tends to be at its worst, which aggravates chal-
lenges with soil salinity, increases the demand for
fertilizers and pesticides, and limits crop choices
that can be grown under such limited bio-physical
conditions. , The location of the land also determines
soil salinity (proximity to the water table) and avail-
ability and access to groundwater. Therefore, farm
location can create or hinder opportunities for
different adaptation strategies.

We find that 10 years ago, all the three domains
solely depended on canal water. However, in the
last five years, farmers began to rely on alternative
sources due primarily to the growing population
and increasing demand for water – within and

Figure 3. Colour-coded scales to assess perceptions of temperature changes.
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outside the agricultural sector. The results show that
even though total water available in the branch
canals was declining for all three sites, farmers with
land holdings in the head and middle part of Daqalt
and Arimon domains continued to alternate
between using canal water and mixing canal water
with marginal water, while those at the tail-ends
mainly relied on marginal water. The two domains
benefited from large-scale projects invested in con-
crete lining the masqas or field level irrigation canals
from where the water is lifted.

On the other hand, farmers with holdings in the
Hamrawe domain who did not benefit from such
large projects increasingly relied on marginal water
and groundwater. Continued use of groundwater,
solely or mixed with drainage water of compromised
quality, also increased soil salinity – limiting their crop
choices and costs of production and reducing their
profit margin. The challenge was even more pro-
nounced for female-headed households who did not
own land, relied on marginal lands, and had no or
limited access to groundwater and extension services
to learn plausible coping strategies. In all three study
sites, we found that farmers at the tail ends of the
respective canals had limited access to irrigation
water, especially during the summer seasons, and
received poorer quality water, which limited their
crop choices.

3.2. Changes in irrigation methods

The results show that surface irrigation is the domi-
nant method in the study areas. However, large-
scale investment in concrete lining irrigation canals
in Daqalt has led to the use of sub-surface irrigation
to increase water use efficiency and reduce water-
logging and soil salinity. However, such systems
require substantial investment by the farmer and
commitment by the community to maintain the
infrastructure and ensure its efficient use. This
option was primarily adopted by farmers who
owned their farmland, could afford such an invest-
ment, and were supported by Water User Associ-
ations (WUAs) that coordinated the overall water
management system. When considering differences
among the sexes, we find that women heads of
households and the youth were at a disadvantage
in terms of land ownership, size of land owned
and having the required financial resources to
invest in such an undertaking.

3.3. Changes in land size

The results show that per capita ownership of agricul-
tural land is declining due to increases in family size
resulting in land fragmentation, land loss to salinity
and peri-urbanization with increasing encroachment
on agricultural land due to the construction of resi-
dences and infrastructure (Abdelmageed et al., 2019;
Alfiky et al., 2012). For instance, urban areas in the
Nile Delta significantly increased from 755 km2 to
1890 km2 during 1992–2015, an average of 47 km2

per year (Radwan et al., 2019). The size of agricultural
land owned or rented limits farmers’ crop choices and
discourages crop rotation and adoption of technol-
ogies. Land ownership and inheritance are also
influenced by cultural norms wherein the ownership
rate for women in the area is very low (Najar &
Baruah, 2020). Farmers in all groups agreed that
small land size is one of the driving forces for
owning or renting multiple pieces of land.

3.4. Change in crop and/or varietal choices

The results identified change in crop and/or varietal
choices as a common adaptation strategy. The par-
ameter was thus analyzed in greater detail to under-
stand the various drivers of change that influence
farmers’ (men, women and youth) adaptation
choices. We find that depending on the specific
location – farmers either increased, decreased, and
in some cases stopped the production of selected
crops; and/or shifted planting seasons in response
to changes in policies, water, and land scarcity, soil
salinity, input and output markets, and their percep-
tion of climate change in terms of increase or
decrease in temperature, and trends in water
availability.

The FGD indicated that farmers changed their
planting and harvesting time of summer crops,
including rice and maize, in response to their percep-
tion of temperature increases. Farmers recalled that
before 2014, they used to plant rice in June and
harvest it in October. By 2017 the planting and har-
vesting season changed to May and August, and
they currently plant it in April and harvest it in
August. An increase in temperature also affects avail-
able water for irrigation, as irrigation interval increases
during the summer season. In response, farmers
replaced rice with maize because it requires less
water. The increase in temperature also affected sal-
inity levels in their fields due to higher usage of
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marginal water sources with high salinity levels.
Farmers responded by applying agricultural gypsum
to their soil.

Similar changes were made for planting and har-
vesting schedules for winter season crops such as
wheat. Before 2014 farmers planted wheat in late
November and harvested it in May. Now they plant
in early November and harvest in May. The change
was not as dramatic because wheat is a national stra-
tegic crop with extensive research and extension
service committed to developing and delivering var-
ieties tolerant to biotic and abiotic stress.

Access to agricultural inputs also influenced
farmers’ decisions on crop choices. We find gender-
based variations in access to inputs, as men could
access subsidized fertilizers from ACs, where land
ownership is a criterion for membership. Women
thus had to purchase more expensive and uncertified
fertilizers, which increased their overall cost of pro-
duction. However, access to improved seed varieties
was somewhat similar between men and women, as
both mainly sourced their seeds from the national
agricultural research center or the market. Those
with such access grew crop varieties that are high-
yielding and tolerant to many biotic and abiotic stres-
ses. For instance, farmers in all three sites and despite
their location along the canal sustained production of
wheat, rice, corn, clover, and sugar beet over the past
five years.

Socio-economic status also influenced farmers’
ability to pump groundwater and hire labourers
during peak seasons. Men in all three sites had rela-
tively better access to information through frequent
contact with extensionists and membership in AC.
Women’s reliance on labourers for planting and har-
vesting caused financial stress. We learned that
labour (availability and cost) was the main factor
influencing farmers’ decision to stop growing cotton
over the past five years.

Adaptation strategies pursued concerning each
crop are discussed below.

(i) Cotton: used to be cultivated 10 years ago in all
three locations with average productivity of 8–9
quintals/acre. However, planted areas started to
diminish five years ago due to water scarcity,
increasing cost of production, including the cost
of labour, fertilizers and pesticides; and shifts in
policy and market trends, including contract
farming where farmers enjoyed guaranteed
markets before production. The reduction of

subsidies for cotton since 2015 also resulted in
its reduced production and its substitution with
rice – a more lucrative summer crop (Kassim
et al., 2018). Increasing import of cotton at com-
petitive prices also resulted in a declining
demand from local factories. Currently, all three
sites do not produce cotton.

(ii) Rice: is grown by farmers in all three sites, but pro-
ductivity is low in Hamrawe due to water short-
age and quality and soil salinity. The problem is
worse among those without alternative water
sources and with limited access to timely infor-
mation on plausible solutions. In both cases,
female-headed households fared poorly, fol-
lowed by young farmers who did not own land
and could not benefit from subsidized inputs
through membership in ACs.

On the contrary, farmers with land holdings in the
head and middle of the Daqalt and Arimon canal
domains benefited from increased productivity due
to water availability and active roles of extension ser-
vices in raising awareness and promotion of new
drought-tolerant and high yielding rice varieties.
However, those in the tail-ends of both domains
faced challenges with water shortages and high soil
salinity levels.

(iii) Corn: productivity in Hamrawe fluctuated due to
water shortage and increasing soil salinity due
to frequent use of groundwater in irrigation. On
the other hand, productivity increased in Daqalt
and Arimon domains due to water availability
and access to new high-yielding varieties.
Farmers in Daqalt and Arimon also began using
the crop as silage over the past five years, increas-
ing the value of the crop. We found that though
men, women and youth faced similar biophysical
limitations in increasing productivity, the cost of
production for those who did not own land was
slightly higher due to their lack of access to sub-
sidized inputs. Women-headed households also
faced added labour costs and had limited
access to advisory services and improved seed
varieties.

(iv) Sugar Beet: production and productivity increased
over the years in Hamrawe and farmers located at
the tail-end of the Arimon canal because the crop
tolerates salinity. Farmers in these areas use
manure to improve soil fertility which had dete-
riorated due to increased use of marginal water
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sources for irrigation. Men, women and youth
with land holdings in these areas used this as
an adaptation strategy to compensate for the
loss of productivity in other crops.

(v) Wheat: is a strategic crop that is nationally pro-
moted and supported through various policies
and large projects. Farmers thus have better
access to seed varieties that are drought-resistant
and high-yielding; and enjoy a guaranteed
market where they directly sell their wheat to
the government at a higher price (Abdelmageed
et al., 2019; Kassam & Dhehibi, 2016). Wheat pro-
ducers also benefit from access to subsidized
nitrogen fertilizers provided through ACs. There-
fore, farmers generally grow wheat, which offers
a more secure livelihood. However, we find that
the benefit is relatively higher for farmers in
Arimon and Daqalt with land holdings in the
head and middle parts of the canal and those
with access to subsidized fertilizers, improved
seeds and extension services. We find that in all
counts, women-headed households and youth
relatively benefit less.

3.5. Increased reliance on the private sector

Among the key drivers of change commonly ident-
ified by consulted farmers are shifts in the role of
the private sector. The parameter was thus separately
analyzed to understand its role in influencing farmers’
decisions. Changes in input and output markets
directly affect the cost of production, overall profit-
ability, and farmers’ income. Farmers indicated that
10 years ago, the selling prices of dominant crops
were determined by the government and announced
before the planting season, contract farming was
common, and ACs facilitated collective marketing.
However, with market lateralization, including the
reduced role of the Egyptian Agricultural Bank in pro-
viding subsidy and credit and diminished roles of con-
tract and collective marketing – farmers now rely on
the private sector to secure essential agricultural
inputs and sell their produce.

Although changes in the marketing system apply
to both sexes, we found that male farmers have the
added advantage of travelling outside their villages
to market their produce and have better information
on input markets and the quality of products
offered – giving them better negotiation power on
product prices. The latter is essential as gaps in

enforcing quality control on chemical inputs have
led to the marketing and use of ineffective inputs.
Ensuring access to timely information on market fore-
casts and outlets the ability to explore markets
outside their villages and negotiate prices have thus
become essential adaptation skills for the average
farmer.

3.6. Change in agronomic practice

We find that a common adaptation strategy changes
in agronomic practices in response to shifts in
weather patterns, water and land availability, soil fer-
tility, etc. We find that 10 years ago farmers commonly
practiced mixed cropping and crop rotation due to
relatively better access to water, agricultural land,
stable market systems, and the 1960 government pol-
icies that required farmers to practice crop rotation
(Gouda 2016). However, farmers explained that with
the abolishment of the policy, drastic changes in
water availability, increase in the cost of production,
land fragmentation, climate variability, and market
fluctuations – they stopped practicing crop rotation
five years ago. This was the same in the case of
male and female farmers in all study areas, though
the challenge was slightly pronounced among the
youth and female farmers who tend to have smaller
plots of land. However, we learned that some
farmers with land holdings in the head of the Daqalt
and Arimon branch canals still practice mixed crop-
ping as they have relatively better and stable access
to water.

3.7. Change in roles of community-based
organizations (CBOs)

Local institutions are integral rural partners for sus-
tainable and inclusive natural resource management
(Pretty et al., 2020). ACs and Water User Associations
(WUAs) have a similar role in the Egyptian Agricultural
System. ACs are organized under the auspices of the
Ministry of Agriculture to facilitate farmers’ access to
agricultural inputs and advisory services (Abdelhakim,
2017). WUAs operate at the mesqa and branch levels
and focus on improving irrigation systems, devising
irrigation schedules, and resolving conflicts (Amer
et al., 2017; El-Haddad et al., 2020).

Understanding the specific roles of the ACs and
WUAs in promoting water management practices is
thus essential. We find that WUAs in Daqalt and
Arimon were better organized through support from
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large-scale infrastructural projects that built technical
and organizational capacities of the associations,
thereby equipping them to play an active role in
monitoring the water management system (Table 3).

Installed gates and water flow control locks
allowed WUAs to ration available water better.
Farmers adapted by changing their energy source
from diesel – which is very expensive, to electricity –
which is partially subsidized to save on time and
cost of irrigation. Farmers also changed lower capacity
irrigation pumps (20–40 L/second) to larger capacity
ones (60–120 L/second) to efficiently use available
water. However, the role of WUAs was relatively
diminished in the Hamrawe command area, where
traditional irrigation practices prevailed, and no-
large projects were implemented. As is the case with
ACs, we find women’s representation and face-to-
face engagement with leaders of WUAs to be nominal.

3.8. Change in norms

Cultural norms are the unwritten self-enforcing rules
comprising collective beliefs, practices, perceptions,
and guiding principles that govern societies (Young,
2015). Therefore, changes in social norms are slow
processes requiring deep and widely experienced
triggers that initiate change and acceptance among
the majority. The results indicated shifts in gender
norms. We thus created a separate category to

assess changes in norms and their role in influencing
farmers’ decisions to adapt their ways. We find change
in norms as an outcome and initiator of commonly
applied adaptation strategies to key drivers of
change summarized in Table 3 below. Two specific
changes in social norms were identified through the
study, namely changes in gender norms that dictate
the roles of men and women within the public
domain, including on- and off-farm activities, and
changes in one’s perception of a ‘good farmer’.

We find that the roles of young male farmers in
agriculture mainly dwindled because of increases in
costs of living, land fragmentation, high cost of pro-
duction but low revenue from agriculture, elimination
of subsidies and credit services, and increased
mechanization, which reduced demand for labor,
improved education levels, and prospects to earn
better income outside of the agriculture sector, and
opportunities for temporary migration to neighboring
countries. This was also partially true for older male
farmers with small landholdings and located at the
tail-ends of the three branch canals under study.

The role of female farmers in agriculture also
diminished because of increased mechanization,
which reduced demand for their labor, abandonment
of cotton production, and increasing use of the broad-
casting method for planting rice and shifting to other
activities like poultry and livestock production. The
increasing cost of living and the inability of house-
holds to sustain their livelihoods solely based on the
agriculture sector, coupled with increasing enrollment
of women in education, also created unique prospects
for women to pursue non-agricultural employment
opportunities. The shift from traditional norms that
limited their productive role to work on neighbor-
hood farms thus gradually changed as an adaptation
strategy to respond to challenges within the agricul-
tural sector.

Progressive changes in perception of a ‘good
farmer’ were noted across the sexes and study
locations. All respondents alleged that 10 years ago,
a ‘good farmer’ was perceived to be the one ‘who
devotes full attention to farming and conserving his
farmland, cares to clean irrigation and drainage
canals on regular basis and earns enough money to
cover the costs of living for himself and his family’.
The perception slightly changed five years ago with
additions of other attributes including ‘the desire to
learn and use new crop varieties and technologies
that help minimize losses and achieve high pro-
ductivity’. Current perceptions emphasize that the

Table 3. Key roles of WUAs in Daqalt and Arimon.

Daqalt Head of
Canal

Raising farmers’ awareness on reducing the
length of irrigation time to avoid over-
irrigation, wastage, and conflict among
farmers

Mid of
Canal

Applying irrigation shifts to organize the
irrigation process, community mobilization
to reapply concrete lining on selected
mesqas, and monitoring changes in energy
sources for pumping irrigation water

Tail of
Canal

Applying irrigation shifts to organize the
irrigation process, ensuring the
appropriateness of improved irrigation
stations to available water in the canal

Arimon Head of
Canal

Raising farmers’ awareness on reducing the
length of irrigation time to avoid over-
irrigation, wastage, and conflict among
farmers; monitoring the use of sub-surface
irrigation

Mid of
Canal

Raising farmers’ awareness on reducing the
length of irrigation time to avoid over-
irrigation, wastage, and conflict among
farmers

Tail of
Canal

Regulation of irrigation schedules to manage
a large reduction in the amount of
irrigation water
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‘farmer realizes high productivity and net revenue, is
financially capable and uses modern technology’
representing a shift from a previous focus on conser-
ving or maintaining environmental sustainability of
farmlands and communal engagements.

3.9. Shifts in the contribution of agriculture to
household income

According to farmers’ responses, the sector’s contri-
bution to household income is gradually declining
due to water scarcity, land fragmentation, increases
in the cost of production, market fluctuations,
increased education levels, and increased

urbanization which created alternative job opportu-
nities, pull factors in regional labor markets, as well
changes in gender norms that increasingly allow
women’s participation in productive services outside
of the sector.

Furthermore, data collected on the various adap-
tation strategies were categorized into three levels
following the MLP framework (Table 4).

4. Discussion

Collected data on farmers’ adaptive response to key
drivers of change were further analyzed to gain
insight into the intricate and complex interlinkages

Table 4. Summary of intra-level adaptation strategies used to respond to changes in key drivers.

Key drivers of change Adaptation strategy
Macro-level Meso-level Micro-level

- Population growth - Water available at the branch and
mesqa level -the impact of large-
scale projects on water conveyance
efficiency

- Access to advisory services, their
financial ability to invest in
alternative water sources, and
manage soil salinity at the farm
level

Change in the source
of irrigation water

-Location along the branch canal -
The impact of large projects, the
role of WUAs (G)

- Farmers’ capabilities to invest in
alternative energy sources and
pumping engines

Changes in irrigation
method

- Increase in temperature requiring
shifts to short-maturing crops;
increased water scarcity; policy
changes on subsidies, credit and
input-output market regulations,
advanced research and
dissemination of improved crop
varieties

- Changes in irrigation water
available at the mesqa level, land
fragmentation, labour markets (G),
extension services (G), and
availability of alternative water
sources, farm-level soil and water
salinity (G)

- Farmers’ socio-economic status in
terms of land ownership and
financial ability to tap into
groundwater resources; their
access to information, agricultural
inputs, credit, and market outlets;
sex and age; and ability to
manage farm-level soil salinity

Change in crop and/
or varietal choices

- Policy changes on input subsidies
and contract farming, energy
pricing, and changes in
international demand and supply of
key commodities such as wheat and
cotton

- Changes in labour markets (G),
water availability, and the role of
ACs in facilitating collective
marketing (G)

- Farmers’ socio-economic and
educational status, personal
connections and networks,
prevalent gender norms that
conditioned women’s role in the
public domain, and personal
dispositions to negotiate prices
(labour, machinery, inputs, and
output)

Increased reliance on
the private sector

- A policy that deregulated the
practices, water scarcity, and
climate variability

- Geographic-based water allocation
and market fluctuations, equitable
access to extension services (G)

- Limitations in land size and access
to alternative irrigation water
sources

Change in agronomic
practice

The increased cost of living and cost
of production, better opportunities
for off-farm income-generating
opportunities

Change in gender norms Increased levels of education, better
opportunities for off-farm income-
generating opportunities

Shifts in the
contribution of
agriculture to
household income

Policy changes that reduced the roles
and responsibilities of CBOs

- A large project implemented in the
two domains

- The financial capability to change
energy sources and/or capacity of
irrigation pumps

Change in roles of
CBOs

- Population growth, changes in
standards and costs of living,
increase in education coverage,
increase in peri-urbanization, and
globalization

- Growing challenges in the
agriculture system and its declining
ability to sustain livelihoods (G)

- Willingness to adapt and
continually seek ways to sustain
their livelihoods

Change in norms

Note: Due to the challenge in presenting them in this table, the interaction effects of inter-level drivers of change are elaborated in the dis-
cussions section. ‘G’ denotes the presence of gender-based constraints at meso-level; all micro-level influences are gender-sensitive.
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between different levels of influence and how these
define farmers’ capabilities and options to adapt.
The MLP framework is adapted to categorize and
understand the drivers from the perspective of their
individual and combined spheres of influence. We
begin by contextualizing and categorizing the
different triggers of change into specific levels of
influence and present their combined role in necessi-
tating the specific adaptation strategy.

We find that changes in the source and amount of
water available for agricultural use were influenced by
a combination of factors that span across the three
levels of influence. At the macro-level, population
growth increased overall water demand, while at
the meso-level, adaptation strategies were influenced
by the impact of large-scale projects on water avail-
ability at head, middle and end-tails of branch
canals. Farmers’ decisions also depended on micro-
level influences, including access to advisory services,
their financial ability to invest in alternative water
sources, and manage soil salinity at the farm level.

The results demonstrated that changes in irrigation
methods – from traditional furrows to sub-surface irri-
gation were a direct effect of meso-level influences,
such as location along the branch canal, large-scale
investments facilitated through megaprojects, and
the role of WUAs that maintained and ensured its sus-
tainable use. Alternatively, farmers’ choice of energy
source and type of irrigation pump was influenced
by personal financial capability – a micro-level
influence.

Farmers’ explanation for shifts in crop and/or varie-
tal choices also cut across the three levels of influence.
Macro-level triggers include changes in import-export
markets, climate variability that required shifts to
short-maturing and drought-tolerant crops, increased
national water scarcity; and policy changes on subsi-
dies, cropping patterns, input-output market regu-
lations including preferential gains for wheat
producers, and agricultural credits; as well as
advances in agricultural research and dissemination
of improved crop varieties. Meso level drivers such
as changes in irrigation water availability at the
mesqa level, land fragmentation due to population
density and encroachment on agricultural lands,
labor markets, extension delivery, and availability of
alternative water sources played a critical role in
influencing farmers’ adaptation strategies. At the
micro-level, farmers’ socio-economic status in terms
of land ownership and financial ability to tap into
groundwater resources, their access to information,

credit and agricultural inputs, market outlets, sex
and age, as well as ability to manage farm-level soil
and water salinity influenced their options and pre-
ferred choices of adaptation. Although productivity
levels varied depending on access to water, and
despite their location along the canal, farmers in all
locations continued growing wheat, rice, corn,
clover and sugar beet over the past five years.

Similarly, farmers’ increased reliance on the private
sector was induced by changes across the three
levels of influence individually and the interactions
among them. At the macro-level, policy changes on
input subsidies and contract farming, energy pricing,
and changes in international demand and supply of
key commodities such as wheat and cotton
influenced local commodity pricing, forcing farmers
to adapt their ways. At the meso-level, prices were
influenced by changes in labor markets, water avail-
ability, and the role of ACs in facilitating collective
marketing. Specific choices of adaptation strategy at
the micro-level were influenced by farmers’ socio-
economic and educational status, personal connec-
tions and networks, prevalent gender norms that con-
ditioned women’s role in the public domain, and
personal dispositions to negotiate prices (labor,
machinery, inputs, and output).

The results indicate that farmers’ choices to
abandon or continue practicing selected agronomic
practices were influenced by macro-level triggers
such as changes in policy that regulated the practices,
water scarcity and climate variability; as well as meso-
level deviations including geographic-based water
allocation, market fluctuations, equitable access to
extension services; and micro-level influences
related to limitations in land size and access to infor-
mation, alternative irrigation water sources.

Changes in social norms involve slow processes
and often require multiple triggers of change across
the three levels of influence before wide acceptance
of a ‘new’ norm is ensured. In this case, we find the
changes in gender roles in agriculture and percep-
tions of a ‘good farmer’ were induced by growing
challenges in the agriculture system and its declining
ability to sustain livelihoods. The change also simul-
taneously adopted several adaptation strategies,
including the increased ability of women to earn
income outside of the home and the sector in
general, as well as perceptions that push farmers to
focus on increasing productivity by adopting new
and improved agricultural practices. Socio-economic
status also influenced farmers’ ability to pump
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groundwater and hire laborers during peak seasons.
These factors were similar across the three sites,
though differences between men and women.

The above analysis shows the complexities of the
triggers and levels of influence that guide farmers’
choice of an adaptation strategy and are summarized
below (Table 3).

As presented in Table 4, certain drivers of change
generate domino effects where macro-level triggers
induce meso-level and micro-level triggers of change.
For instance, change in the quantity andquality of avail-
able irrigationwater initiated: (i) macro-level influences,
including policies on cropping patterns and agronomic
practices, export and import markets on selected crops;
(ii) meso-level influences, including water allocation in-
branch canals, implementationof large-scale projects to
improve water conveyance, changes in social norms
and perceptions, and the role of CBOs in facilitating
water management; and (iii) micro-level influences
such as irrigation water availability at the mesqa level
and levels of salinity.

Similarly, population growth, which is a macro-
level change, influenced other changes within the
same level of influence, including reduced availability
of water for agricultural use, the reduced ability of
government to subsidize agricultural inputs, and equi-
tably and adequately provide credit and extension
services; meso-level influences, such as the reduced
role of ACs, demand for labor and agricultural inputs
and outputs, and changes in perceptions and social
norms. At the micro-level, population growth resulted
in reducing per-capita water and land allocations, the
contribution of agriculture to household income, and
increased peri-urbanization and labor migration.

In other cases, some drivers of change simul-
taneously trigger different responses. For example,
policy change in subsidized agricultural inputs com-
pelled farmers to increasingly rely on the private
sector, adjust crop and/or varietal choices, abandon
certain agronomic practices, and seek alternative
non-agriculture-based income sources. Likewise, the
introduction of large water management projects
led to the increased role of WUAs in managing
water allocation, changes in crop choices and agro-
nomic practices corresponding to water availability,
and shifts in energy sources and pump sizes.

5. Conclusion

Water scarcity coupled with population growth and
anticipated increases in temperature threaten

agricultural productivity in the MENA region. For
countries like Egypt with limited water resources
and dependence on irrigated agriculture, maximizing
water use efficiency is a national priority. In the
context of these broad challenges, we assessed the
evolution of Egyptian farmers’ adaptive water man-
agement and tried to gain insight into the drivers
behind their decisions. We used the MLP approach
to contextualize the drivers of change within
different spheres of influence, examine the interlin-
kages among them, and appreciate the complexity
of the system and its influence on farmers’ choices.
We also considered several other factors, including
location and gender, that create differential access
and capabilities among farmers. In doing so, we estab-
lished that the drivers of change under the different
spheres of influence are often inter-related where a
change in one leads to a ripple effect on another in
terms of creating an enabling environment to
sustain or reverse changes that are initiated.

The study highlighted that changes within the
micro-sphere of influence (location of farmland and
demographic and socio-economic characteristics)
have differential outcomes on men, women, and the
youth relative to changes in the meso- and macro-
spheres of influence. We also observed that while
farmers’ micro-environment considerably influences
the menu of adaptation options available to them,
several meso- and macro-level factors directly and/
or indirectly limit their choices. Changes in norms
and perceptions also frame the opportunities avail-
able for men and women and influence their
choices of adaptative management.

The study demonstrates the complexity and inter-
linkages among the various triggers of change. Hence,
the need to consider systemic and integrated
approaches beyond the micro-level to create enabling
environments that will support and sustain the
changes. Hence, the chances of future strategies in
achieving more inclusive, equitable, and efficient use
of water resources may depend on whether they con-
sider: (1) policy changes that encourage sustainable
and efficient use of scarce natural resources and rec-
ommend adaptation practices that enhance pro-
ductivity; (2) building institutional capacity at
different levels of management to ensure equitable
and adequate provision of essential agricultural
inputs and information; (3) facilitating strategic
engagement of the private sector with corresponding
policies on monitoring the quality of services pro-
vided; and (4) investing in market forecasts to
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support farmers in aligning and strategizing their
adaptation strategies to minimize the impact on
their livelihoods as opposed to being reactive.
Reliable and timely market information will aid
farmers in selecting the right type and amount of
crop to produce. Moreover, we recommend the col-
lection and analysis of a combination of qualitative
and quantitative data to shed more light on the
issue. We encourage future research on adaptive
water management to consider integrated
approaches that cut across all three spheres of
influence. Climate change adaptation strategies
should thus ensure that men, women, and youth
farmers are well-informed, equipped, and supported
so that adoption of recommended water manage-
ment practices will be equitable and sustainable.
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