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ABSTRACT

Irrigated agriculture in Algeria plays an essential role in the national economy and
food security historically facing significant water scarcity challenges. This problem
has intensified over time, with an average annual rainfall of 89 mm and a weighted
rainfall index of 241.50 mm for agricultural land. Furthermore, with an average
water endowment of 380 m® per person per year in 2021, Algeria is classified as a
country with limited water resources. Moreover, Algeria has implemented
irrigation subsidy programs to boost the agricultural irrigation sector since 2000.
However, it is of crucial importance to assess the possible rebound effect of these
subsidies, as they may result in an increase in overall water consumption despite
efficiency increases made by enhanced irrigation techniques. The aim of this
research is to investigate the impact of irrigation subsidies on water consumption in
Algeria. Data from 2001 to 2020 on irrigation sector in Algeria show comparable
trends to China, India, Morocco, Tunisia, Australia, the United States, and Spain,
where water consumption quantities have mainly increased due to subsidy
programs. As a result, the already-stressed water resources are strained even
further. These findings highlight the critical importance of prudent and sustainable
water resource management for the public policy in the context of irrigated
agriculture in Algeria.
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INTRODUCTION
The aim of this study is to assess the rebound effect at aggregate level in irrigated
Algerian agriculture caused by irrigation subsidy programs. Algeria is facing an
increasing scarcity of water resources, with an average rainfall of 89 mm per year
(FAO, 2015) and a water endowment of less than 400 m® per person per year in
2021. Irrigated agriculture accounts for a significant share of the agricultural land,
utilizing over 70% of the mobilized water resources. To address these challenges,
Algeria has implemented agricultural development programs focused on the
adoption of water-efficient irrigation techniques such as drip irrigation and
sprinkler systems. However, it seems crucial to assess the effectiveness of these
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measures by drawing insights from international experiences. It is necessary to
determine whether promoting more efficient irrigation techniques is a wise choice
to enhance water conservation in Algeria, considering lessons learned from
countries facing similar conditions. Strategic thinking is required to assess the
continued implementation or potential revision of these techniques based on the
country's specific needs.

MATERIAL AND METHODS

To address our research problem, we collected data on water consumption for
different irrigated crops, irrigated areas utilizing both surface and groundwater
sources, as well as areas equipped with water-saving technologies in Algeria.
These data were obtained from the Algerian Ministry of Agriculture and Rural
Development and the Ministry of Water Resources and the Environment.
Furthermore, we conducted a literature review to enhance the work by
incorporating existing research and studies conducted in other countries, providing
insights into the effects of irrigation modernization. Our study also highlights the
irrigation paradox in the Algerian context, emphasizing the challenges and
contradictions faced by the country in managing water resources for agriculture.

Subsiding Irrigation Water Efficiency: A Brief Literature Review

Irrigation has always been recognized as the primary consumer of water in terms of
evapotranspiration (ET) and a significant source of water wastage, making it a
target for measures aimed at conserving this precious resource (Falkenmark and
Molden, 2008). To address water scarcity, many governments subsidize and
encourage the use of efficient irrigation technologies (EIT) as a means to reduce
water consumption and reallocate resources to other users (Grafton et al., 2018;
Scott et al., 2014). Investments in these technologies, widely used to achieve water
savings, have become a key lever in many countries (Kendy et al., 2004; Batchelor
et al.,, 2014; Molle & Tanouti, 2017; Frija et al., 2014; Ferchichi et al., 2018;
Amichi et al., 2015; Grafton et al., 2018; Belaidi et al., 2022; Belaidi, 2013;
Oulmane et al., 2020; Wheeler et al., 2018; Gordon et al., 2020; Berbel et al., 2019;
Sampedro Sanchez, 2020).

These water-saving policies in agriculture, implemented in several basins
worldwide, such as China, India, Morocco, Tunisia, Algeria, Australia, the United
States, and Spain, have two main objectives: firstly, to save water for other uses or
environmental purposes, and secondly, to increase agricultural income and water
productivity by improving yields and promoting diversification towards higher
value crops (Perry & Steduto, 2017). However, the results of these programs have
not always met expectations and, in some cases, have even contradicted the
objectives of preserving water resources (Perry & Steduto, 2017). Analyses
conducted on cases such as India, China, Morocco, Australia, and Spain converge
to a similar conclusion: while the modernization of irrigation systems has brought
benefits in terms of agricultural production and crop diversification, the total water
consumption has generally increased, thus creating increased pressure on available
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basin-scale resources. This phenomenon, known as the "irrigation efficiency
paradox" (Grafton et al., 2018).

Some studies have indicated that the efficiency of drip irrigation can be lower than
that of surface irrigation due to issues such as inadequate maintenance and poor
irrigation practices (Wolf et al., 1995; Benouniche et al., 2014). Furthermore,
instances of over-irrigation have been observed in several irrigation systems,
attributed to the aim of increasing agricultural production and issues with the
design and maintenance of the irrigation network (Benouniche et al., 2014). It is
worth noting that enhancing irrigation efficiency does not always guarantee water
savings, as it may require increased technical expertise from users (Wittling &
Molle, 2017).

The adoption of Water-Saving Irrigation Techniques (WSITs) in the Gujarat and
Mabharashtra regions has led to a significant change in crop rotation (Namara et al.,
2005). In the irrigated area of Zaouiet Jedidi, the adoption of drip irrigation by
farmers was motivated not only by the desire to save water but also by other factors
such as agricultural intensification and labor reduction, as highlighted by Ferchichi
et al. (2018). In the Canyoles watershed, research by Sese-Minguez et al. (2017)
revealed that the adoption of drip irrigation was associated with intensified
agricultural practices and a shift towards arboriculture. Similar observations have
been made in other irrigation systems in Spain, as noted by studies conducted by
Gonzalez-Cebollada (2015), Sese-Minguez et al. (2017), and Berbel et al. (2014),
which observed modifications in planting density and crop patterns. The adoption
of WSIT offers farmers, particularly those reliant on well or borehole capacity for
water supply, the opportunity to use reduced water quantities applied per hectare to
expand irrigated areas.

However, it should be noted that transitioning to drip irrigation can sometimes
result in an overall increase in water demand compared to the initial demand, as
seen in the case of the Kairouan plain in Tunisia, where there has been an
expansion of irrigated areas for the most profitable crops (Feuillette, 2001). This
phenomenon has been widely observed in several countries, including Spain,
Jordan, Tunisia, India, Pakistan, Israel, China, and the United States (Molle, 2017).
The studies by Pfeiffer & Lin (2014), Ward & Pulido-Velazquez (2008), as well as
Li & Zhao (2018), demonstrate that promoting more efficient irrigation
technologies does not guarantee the conservation of groundwater resources.

In Morocco, the major irrigated plains and coastal aquifers are facing water
deficits, indicating overexploitation of water resources (Molle & Tanouti, 2017).
Irrigated agriculture, supported by ambitious agricultural policies, intensifies the
use of groundwater, contributing to the overexploitation of 50% of the aquifers in
Morocco (Kuper et al., 2016). Therefore, the question of whether EITs can reduce
pressures on water resources remains relevant. There is controversy surrounding
the water-saving attribute of EITs: are they truly effective in saving water? How is
it that total irrigation water consumption increases despite the use of more efficient
technologies? However, water management in agriculture involves multiple scales,
ranging from individual fields and farms to irrigation perimeters, basins, nations.
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Understanding and assessing the impact of EITs on water consumption, therefore,
requires an integrated approach that takes into account these different scales and
the complex interactions among environmental factors, agricultural practices, and
water management policies.

Irrigation Subsidy Program in Algeria: An Overview

In Algeria, the subsidy program aims to support various sectors of the economy,
including agriculture, to promote development and growth. This program involves
allocating financial funds or providing incentives to individuals in order to
facilitate their activities. Indeed, several agricultural development plans have been
implemented, covering the periods from 2000 to 2019 and from 2020 to 2024. The
National Agricultural Development Program (known as PNDA) stood out for its
considerable ambition, with a funding of 40 billion DZD in the year 2000. Between
2001 and 2004, the allocated amount for this plan, which was later replaced by the
National Agricultural and Rural Development Plan (known as PNDAR) in 2002,
amounted to 525 billion dinars (Imache et al., 2011; Salhi & Bedrani, 2011).

In August 2008, the Agricultural Orientation Law' (Law No. 08-16) reaffirmed the
Agricultural and Rural Renewal Policy by strengthening the strategic option of
widespread and extensive use of water-saving systems . The budget specifically
allocated to the rural development component for the period 2005-2010 was
estimated at around 2.6 billion euros (Kherbache, 2021). According to Benaissa
(2022), the support provided during the period 2000-2010 by sector (FNDIA,
FNRDA), irrigation was the largest beneficiary with 37.65%, adding up to 242
billion DZD. The MADR presented the water-saving program in the hydro-
agricultural sector (2010-2014), focusing on the development of water-saving
systems covering an area of 900,000 hectares.

The program implemented between 2014 and 2019 aimed to irrigate 2.14 million
hectares by the end of 2019. An investment of approximately 3 billion USD was
planned to support this initiative. The total amount planned for the support of
water-saving irrigation equipment acquisition alone was almost 948 million USD
for an area (subsidized) to be equipped of 637,000 hectares. The 2000-2024
program aims to generalize Water-Saving Irrigation Techniques (WSIT) on a total
of 150,000 hectares, with a planned conversion of 30,000 hectares per year over
this period (MADR, 2020). Each newly irrigated hectare must be equipped with
water-saving systems, including with the contribution of state support.

The current state support covers 50% of the cost of irrigation equipment for
individual acquisition and 60% for collective acquisition (Decision no. 943
MADR, 2014). Supported equipment must now pass the crash test of the
specialized laboratory of INSID to verify their real efficiency, in accordance with
the efficiency rates announced by suppliers. In case of non-compliance, public
subsidy will be refused to preserve public funds.

! Journal officiel Algérien no 46 du 10 Aoft 2008, p. 3.
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RESULTS AND DISCUSSION
5.1. Evolution of irrigated areas from 2000 to 2018
In Algeria, the irrigated area encompasses two distinct categories characterized by
both the size of the developments and the management approach: Grands
Perimeters of Irrigation (GPI): These are large-scale irrigation projects with a
contiguous area greater than 500 hectares. They are under the authority of the
National Office of Irrigation (ONID) and primarily utilize surface water from
reservoirs, supplemented by deep wells. The management and operation of these
projects are carried out by the ONID. Small and Medium Hydraulic (PMH): This
refers to small and medium-scale private irrigation, directly managed by individual
farmers or, in some cases, by associations. The irrigated areas within this category
vary in size and predominantly rely on shallow wells or small-scale pumping
systems.
The PMH represents a significant portion of the irrigated land in Algeria. In fact,
the irrigated area has experienced a substantial increase, growing from 310,000
hectares in 2000 to 1,259,420.95 hectares in 2018. As for the GPI, prior to 2005,
their total area did not exceed 50,000 hectares. In 2000, the area was around 40,000
hectares, reaching a maximum of 47,585 hectares in 2004. However, during the
period from 2005 to 2018, the irrigated area surpassed an average of 80,000
hectares. This data indicates that the PMH plays a significant role in the overall
expansion of the irrigated area in Algeria, with notable growth observed over the
years. Furthermore, the GPI also experienced an increase in irrigated land,
particularly after 2005. The total irrigated area in Algeria has experienced a
significant increase over the years, growing from 350,000 hectares in 2001 to
1,330,670 hectares in 2018 (as shown in Figure 1). Irrigated areas in GPI and PMH
reached 1,424,262 hectares in 2020, with 95,259 hectares in large hydraulics and
1,329,003 hectares in small and medium hydraulics. As a result, this expansion
highlights the growing importance of irrigation in the country's agricultural sector.
These results generally show a rebound effect in irrigated perimeters and small and
medium-scale hydraulics, since there has been and will continue to be potential for
increasing irrigated areas.
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Figure 1. Evolution of 1rr1gated areas in A-lgeria from 2000 to 2018
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5.2. The irrigated areas by irrigation method

In Algeria, various agricultural development plans have been launched with a focus
on the widespread adoption of Water-Saving Irrigation Techniques (WSITs). These
plans include the conversion of existing gravity irrigation systems to localized and
sprinkler systems. Financial support for irrigation development and water
conservation promotion ranges from 40% to 60%, depending on the usage and
regions. A significant evolution of WSITs has been observed in Algeria between
2000 and 2020.

Between 2001 and 2018, water-saving systems have undergone a considerable
evolution thanks to the implemented support programs. There has been a
significant increase in the irrigated area using drip irrigation technique, from 5,000
hectares in 2001 to 312,788 hectares in 2018. Similarly, the irrigated area using
sprinkler irrigation method increased from 70,000 hectares to 444,706 hectares
during the same period. As for the gravity irrigation method, the irrigated area
expanded from 275,000 hectares in 2001 to 573,175 hectares in 2018 (Figure 1).
The distribution of irrigated areas by technique shows that gravity irrigation covers
43.07% of the total area, sprinkler irrigation occupies 33.42%, and localized
irrigation (drip irrigation) represents 23.51% in 2018. Approximately 62% of the
total irrigated area is covered by water-saving systems, according to MADR (2020)
report.

Since the implementation of irrigation support plans, there has been a trend
towards stabilization of the irrigated area using the gravity method. These figures
demonstrate the notable progress in the adoption of Water-Saving Irrigation
Techniques (WSITs) in the country, showcasing a commitment towards more
efficient water use in the agricultural sector.
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Figure 2. Irrigated areas by irrigation method from 2001-2018 (MADR, 2019)
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Concerning the evolution of irrigated areas by irrigation method for large-scale
irrigation (GPI) and small and medium-scale irrigation (PMH), Figure 2 indicates
that traditional irrigation remains the most widely practiced method in the public
perimeters managed by ONID, accounting for 42% of the total irrigated area for the
2020 irrigation season. However, this method has been declining since 2017.
Sprinkler irrigation, on the other hand, represents 39% of the total irrigated area for
the same irrigation season, showing an increase compared to 2017. Finally, drip
irrigation covers 19% of the total irrigated area for the 20012020 irrigation
campaign.
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Figure 2. Irrigated areas in GPI by irrigation method in percentages 2017-2020
(ONID, 2021)

Figure 3 indicates that the irrigated areas have increased in recent years, and the
installation of water-saving irrigation systems has followed the same trend. In
2003, out of 612,289 hectares irrigated, localized irrigation accounted for only
11.6%. However, by 2006, it had increased to 21.5%, and in 2011, it represented
20.5% with 189,686 hectares irrigated through drip irrigation. This indicates a
conversion of existing gravity systems to localized irrigation, while sprinkler
irrigation fluctuates between 18% and 19% of the total overall.
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Figure 3. Evolution of PMH irrigated areas by irrigation method

38



AGROFOR International Journal, Vol. 8, Issue No. 2, 2023

On the PMH areas by origin of water used, the data (shown in Figure 3) indeed
confirms a significant development of thousands of wells and boreholes, whose
exploitation often causes irreversible harm to groundwater aquifers. Despite the
scarcity of water resources, the dynamism of this sector seems to be linked to the
autonomy it provides (i.e. owning individual wells and boreholes) to farmers in
managing water resources. The source of water used for PMH varies from one
region to another based on climatic conditions and water availability. At the
national level, PMH continues to rely on groundwater for 90% of its water needs
(with a proportion of 100% in the southern regions). This could pose long-term
risks to groundwater aquifers and fossil aquifers, especially considering the
increasing number of wells being drilled.
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Figure 4: Irrigation of Small-Scale Irrigation (PMH) areas by different sources of
irrigation in 2020.

Algeria heavily relies on its groundwater resources. Indeed, alarming
overexploitation has been observed in more than half of the Algerian aquifers
(Kuper et al., 2016). The number of agricultural wells and boreholes has seen a
significant increase, rising from 120,000 in 2000 to 238,340 in 2016. According to
the 2019 National Water Plan (PNE), the PMH utilizes a total of 79,508 drilling
and 15,5719 wells (as shown in Figure 5).
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Figure 5: Evolution of number of boreholes and wells from 2000 to 2019
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These data globally indicate the rebound effect on water withdrawals, with
irrigators who received subsidies and authorizations® for irrigation infrastructure
significantly increasing their water usage. However, the specific hydrological
impact of this rebound effect on water withdrawals at the watershed scale remains
unknown.Several territories in Algeria are facing water imbalance issues. The
situation of the Macta aquifer is a notable example (Kherbache, 2021), as well as
the Chéliff basin (El Meddahi et al., 2014; Amichi, 2013), the plateau of
Mostaganem (AGIRE, 2016; Haouichine, 2012; SOGREAH, 2009), the Mitidja
region (Imache et al., 2011), and the Biskra region (Amichi et al., 2018; Daoudi et
al., 2017).

Table 1 displays the planting densities and number of trees per hectare in Algeria.
It is evident that the planting densities under drip irrigation are higher compared to
those under gravity irrigation. Consequently, densification and intensification could
partially explain these increases in overall water consumption.

Table 1: Planting Density and Number of Trees per Hectare by Irrigation Method

in Algeria
Crops Gravity Drip irrigation
Density No. of trees per hectare Density No. of trees per hectare
Clementine/ Mandarin 6x4 417 4x2 1250
Orange, lemon 5x5 400 6x2 833
6x5 333 4x4 625
6x6 278 6x3 555
4x7 357 4x25 1000
6x3 555 4x4 625
Arboriculture: Apple, 4x7 357 4x2 1250
Pear, Peach, Apricot 6x6 278 4x2.5 1000
5x7 286 4x3 833
4x6 417 5x 1.5 1333
5x5 400 4x4 625
5x4 500 4x35 714

Turning now to the evolution of total water consumption in the irrigation sector in
Algeria. The government has promoted the use of new technologies and water-
saving technologies for agricultural purposes, aiming to improve water efficiency
in the sector. In 2018, approximately 70% of the mobilized water potential, which
amounted to 8 billion m3, was allocated to agriculture, compared to less than 40%
in 2000, which amounted to 1.8 billion m* (Pnud, 2020). However, the introduction
of water-saving equipment at the plot level has not resulted in overall water savings
at the national level. On the contrary, the total water consumption by the irrigated
sector has increased (as shown in Figure 6).

2 According to the Agence Nationale des Ressources Hydrauliques (ANRH), more than
20,000 permits for drilling and wells have been allocated to farmers for the year 2021.
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Figure 6. Evolution of irrigation water consumption for the period 2001-2018
(MADR ,2019)

The overall water consumption by irrigated areas, across all irrigation techniques,
has risen from 2.10 billion m® in 2000/2001 to over 7.98 billion m® in 2017/2018.
Nevertheless, at the farm level, the adoption of water-saving technologies has led
to increased profitability due to significant additional benefits. The saved water has
been utilized to intensify the cropping system. However, it is worth noting that the
major objective of reducing overall water consumption has not been achieved.
Instead, the focus has been on reducing water consumption per hectare in order to
expand the cultivated area.

CONCLUSIONS

The aims is to demonstrate that despite irrigation subsidy programs, the overall
water consumption in Algeria continues to increase in the irrigated sector (rebound
effect), as well as the extensive reliance on groundwater, leading to the worsening
overexploitation of aquifers. The Algerian government promotes the adoption of
more efficient irrigation technologies to achieve water savings, but this claim is
questioned in the literature. Using efficient techniques should, therefore, make it
possible to achieve similar agricultural yields to those initially obtained using a
smaller volume of water. However, a more efficient irrigation system may
paradoxically encourage farmers to increase their water usage. This phenomenon is
known as the rebound effect. The purported water savings are based on
measurements in experimental stations and do not reflect actual efficiency on
farms. In many cases, actual efficiency may be similar to gravity irrigation due to
equipment issues and inadequate irrigation practices. Farmers can adjust their
behavior by opting for more profitable and water-intensive crops or by irrigating
previously non-irrigated land. This can offset the efficiency gains achieved by
irrigation technologies.

Even when water savings are achieved at the plot level, it is common to observe an
increase in water demand at other scales, such as the farm, regional, or basin level.
The adoption of efficient irrigation technologies often encourages farmers to

41



AGROFOR International Journal, Vol. 8, Issue No. 2, 2023

expand irrigated areas or cultivate water-intensive crops. The lack of contracts and
monitoring between the government and farmers for the adoption of efficient
irrigation technologies, as well as limited subsidies for equipment installations,
affects the expansion of irrigated areas. By prioritizing increased production over
water savings, the government neglects the consequences on groundwater
resources, which are an essential source of irrigation in Algeria. Water-saving
policies need to be reassessed, taking into account farmers' behavior, crop choices,
and the expansion of irrigated areas. This requires a comprehensive and integrated
approach to effectively assess water consumption in agriculture.
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