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Abstract: To combat desertification and land degradation in arid and semi-arid zones, the government
has adopted an approach of rehabilitation of pasturelands through forage plantations. This program
was launched at the beginning of the 1990s and, to date, there has been no global or national study
on the sustainability of the program, particularly its economic profitability. Our work’s principal
objective was to perform an economic analysis of the forage plantation program across the different
periods since the creation of the program until the year 2020, focusing on the economic evaluation
parameters of the projects, such as mean annual net income, net present value, annuity of the net
present value, profitability index and payback period, based on the data collected from the official
institutions. The results showed that the forage plantation program significantly contributes to
sustainable development in steppe areas.

Keywords: economic analysis; sustainable development; forage plantation; North Africa; desertification;
pasture

1. Introduction

Agricultural land in Algeria, including crop land and natural steppe, accounts for
only 18% of the total national land. In 2019, a little over 8.563 million ha was used for
agricultural production, mainly concentrated in the northern regions. The Algerian steppe,
as a buffer zone between the Tellian chains to the north and the Sahara Desert to the
south, is a pastoral region. Sheep farming is the major agricultural practice of the local
population of the steppe. It is the homeland of 80% of the national sheep flock, numbering
29.428 million head in 2019.

Since 1970, the State has been implementing measures to support sheep producers
in the area without taking into consideration the operational capacities of pasturelands.
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The introduction of barley as an alternative food supply to alleviate pressures on the
vegetation cover of the steppe has encouraged sheep producers to enlarge their flocks.
Consequently, the sheep population has been increasing at an exponential rate despite
unfavorable climatic conditions and accelerated steppe degradation. The national sheep
flock has increased from one sheep equivalent per four ha steppe in 1968 to one sheep
equivalent per 0.78 ha in 2006. This intensive concentrated feeding has promoted sheep
flock sizes ten times larger than the capacity of steppe pasture. This, in turn, has resulted in
severe overgrazing and an excessive reduction in forage units (FUs) of the steppe [1].

Anthropogenic activities, such as the extension of clearings at the expense of range-
lands, poor management of water sources and soil [2–8], and the frequent drought waves
of the last two decades [9–13], have sent steppe plant formations into an extremely wor-
rying phase of degradation. Aidoud et al. [14] and Hasnaoui et al. [15] indicated that
Stipa tenacissima and Lygeum spartum have completely disappeared in the steppes of south-
ern Oran. According to the National Bureau of Studies for Rural Development (2010) [16],
almost 65% of the total national steppes were classified as highly degraded (Figure 1).
These areas showed a dramatic fall in the production of steppe ecosystems from 150 to
30 FUs per year between 1978 and 2006 [1].
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In response to this alarming decline in vegetation cover, the State, through the High
Commissariat for the Development of the Steppe (HCDS), has launched measures to reha-
bilitate the degraded pasturelands. These measures have comprised closure of degraded
areas, collection of surface water and spring capture, grazing management through the
identification and mapping of potential areas for sheep grazing, and the introduction of
fodder shrubs [1]. The HCDS started with shrubs and forage plantation projects in the
early 1990s with the rehabilitation of degraded perimeters by introducing species with
considerable adaptation and resistance to the bioclimatic conditions of arid and semi-arid
regions. In this context, planted species such as Atriplex canescens, Atriplex nummularia,
Atriplex vesicaria, Opuntia ficus indica and Medicago have been introduced based on
the specific characteristics of each steppe zone [1]. Since the early 1990s, the HCDS has
successfully rehabilitated a surface area of 392,874 ha in 22 wilayas, which are classified
as pastoral or agro-pastoral vocation areas. This, in turn, has led to an increase in forage
supply from 40 to 600 FUs/ha in these wilayas [16].

The implemented measures to mitigate the degradation of the steppe have been
subject to several studies investigating their effect on pastoral value, biodiversity, and soil
properties [6–8,17–19]. To the best of our knowledge, there is minimal evidence of the
economic viability of the implemented forage plantation program. Our research aimed to
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analyze the economic impact of the forage plantation program from the period of its initial
implementation in 1994 to 2020. This objective has been achieved by focusing mainly on
the essential economic evaluation parameters, including mean annual net income (MANI),
net present value (NPV), annuity of the net present value (A), profitability index (PI,) and
payback period (PP).

2. Methodology
2.1. Steppe Area and Formations

This study covered the entire steppe of Algeria, which stretches over 32 million ha of
pastureland, of which 12 million ha is in the pre-Saharan region. It covered 22 wilayas and
440 municipalities (Figure 2).
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Figure 2. Study area (440 municipalities), data source: own illustration.

The pastoral potential of the Algerian steppes was clustered according to four vege-
tation formations and azonal formations: (i) the alfa (Stipa tenacissima), (ii) the Artemisia
(Artemisia herba-alba), (iii) the spartum (Lygeum spartum), and (iv) the Arthrophytum scopar-
ium (remt) steppes (Table 1)

Table 1. Vegetation formations of steppe in Algeria, data source: [1,20].

Area (ha) Bioclimatic Zones Grazing Yield Feeding Value

Alfa (Stipa tenacissima) 4 million Wide ecological range
from semi-arid to upper arid 1–1.5 ton/ha DM 0.3–0.5 FUs/kg DM

Artemisia (Artemisia herba-alba) 3 million Upper and middle arid
100–300 mm/year 1 ton/ha DM 0.65 FUs/kg DM

Spartum (Lygeum spartum) 2 million Upper and middle arid 0.3–0.5 ton/ha DM 0.3–0.4 FUs/kg DM

Remt (Arthrophytum scoparium ) NA Extremely arid
(20–200 mm/year) 0.04–0.08 ton/ha DM 0.2 FUs/kg DM

2.2. Data Sources and Evaluation Methods

To comprehensively capture insights into the economic indicators of the implemented
forage plantation program across the country, official data sources were used. Data on
the development forage plantation area over the program period in different wilayas,
forage units, rental price in planted forage area, annual rental returns, and costs of forage
plantation per hectare were obtained from the HCDS database. Government rates of barley
grains and the evolution of the interest rates at the national level were acquired from
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FAOSTAT, and the World Bank, respectively. The study covered a period of 26 years, from
the first implementation of the plantation program in 1994 to 2021.

The forage plantation program was economically evaluated based on five indicators:

1. The mean annual net income (MANI) was used to evaluate the financial performance
of the program. It is the ratio between the total net income, as cash flow sum, and the
lifecycle of the investment [21]. MANI was calculated using Equation (1).

MANI =
∑n

i=0 CFi
n

(1)

2. The net present value (NPV) was widely used to evaluate the program’s economic
feasibility [21–28]. It presents the cash inflows subtracted by the cash outflows linked
to the investment over an observed period. A positive NPV indicates an economically
feasible program [29,30]. NPV was calculated according to Equation (2).

NPV =
n

∑
i=0

CFi

(1 + p)i −
n

∑
i=0

Ei

(1 + p)i (2)

where i is years, n is the lifecycle of investment, p is the interest rate, CFi is the total
cash flow in year i, and Ei is the cost or expense in year i.

3. The Annuity (A) was used to represent the payment of invested funds in a fixed
income stream for the life period of the investment. [21] indicated that A could replace
the actual cash flow without changing its NPV (Equation (3)).

A = NPV
p ∗ (1 + p)n

(1 + p)n − 1
(3)

4. The profitability index (PI) expresses the overall program profitability by measuring
the present value of future cash flows and the initial investment [22,31]. The PI was
calculated using Equation (4) [32].

PI =

 NPV

∑n
i=0

Ei
(1+p)i

+ 1 (4)

A PI value > 1 indicates a profitable investment; thus, a program is suitable for
investigation. A PI value < 1 means the program is a loss-making investment. The lowest
acceptable profit for an investment is related to a PI value = 1.

5. The payback period (PP) refers to the time required for the total initial investment to
recover the total savings [33,34]. Therefore, the longer the PP of an investment, the
less attractive the investment. The PP was calculated using Equation (5):

PP =
1
PI

(5)

3. Results and Discussion
3.1. Returns

Returns were calculated based on the rental price per hectare of forage plantation,
which has been fixed by the State at DZD 2000 across all wilayas since the outset of the
program. Since the launch of the program until the year 2000, the State has divided the total
returns of forage land rental into 50% for the municipality, 30% for the treasury, and 20%
for the HCDS. This distribution has been modified since 2001 to be 30% for the treasury
and 70% for the municipality, at the same rental price (2000 DZD/ha) (Figure 3).
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Figure 3. Rental returns of forage plantation perimeters, data source: HCDS.

In 1998, returns from the rental of forage plantations were recorded at DZD
3.12 million. This rose appreciably between 2001 (DZD 8.24 million) and 2008 (DZD
21.70 million). Following a decline in 2009 and 2012, a peak was reached in 2015 at DZD
86.37 million. The returns were highly impacted by plantations proposed for rent and
the total rented plantations over the program period. Tables A1 and A2 (in Appendix A)
provides data on proposed and rented plantations (perimeters and hectares), number of
total forage units, and returns for each in 2020.

In 2020, 233 perimeters of forage plantation were proposed for rent with a total area
of 15,553 ha, distributed across only 11 wilayas (Figure 4). The value of rented forage
plantation in 2020 totaled DZD 31.1 million.
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Figure 4. Forage planting program returns by wilaya in 2020, data source: HCDS (own illustration).

To classify the wilayas in relation to the forage planting program, we used principal
component analysis (PCA) based on the following quantitative indicators: the total planted,
proposed, and rented area (ha); ratio of the rented to the proposed area; returns million
DZD; and number of forage units (million FUs) (Figure 5).
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Figure 5. Projection of variables (PCA).

Figure 6 shows that all the variables were correlated with two axes of the PCA (plan:
1 × 2) with an excellent quality of representation equal to 96.43%.

The results of the principal component analysis revealed four homogeneous groups
(Figure 6). Group 1 (Djelfa) was characterized by a large share of rented area (7797 ha),
greater than 61% of the proposed area, the highest return (DZD 15.59 million), and forage
units equal to 5.06 million. The wilayas of M’Sila and Tebessa ranked second in terms of
the total proposed area (M’Sila, 9216 ha; Tebessa, 11,388 ha), rented area (M’Sila, 1932 ha;
Tebessa, 1718 ha), returns (M’Sila, DZD 3.864 million; Tebessa, DZD 3.436 million), and
number of forage units (M’Sila, 1.2558 million FUs, Tebessa, 1.1167 million FUs). Four
wilayas (Oum El Bouaghi, Saida, Sidi Bel Abbes, and Tiaret) were classified third in terms
of the observed indicators.

Returns ranged between DZD 2.16 million in Oum El Bouaghi and DZD 1.12 million
in Tiaret. The rental rates of the fourth group were relatively low, ranging between 3.13%
and 19.73%, which negatively impacted the returns. Such low rental rates were attributed
to the demand of sheep farmers and the degradation of the perimeters.
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Figure 6. Typology of wilayas in terms of program results (forage planting).

3.2. Forage Units

In 1998, the perimeters of the rented forage plantations at the national level produced
the equivalent of 1 million FUs (Figure 7). This number more than doubled in 2001 with
2.68 million FUs, and it reached 4.69 and 28 million FUs in 2003 and 2015, respectively.
The unfavorable climate conditions that severely impacted feed production and resulted
in higher feed costs (64.43% and 67.09% of total production costs for lambs and young
rams, respectively) induced a growing demand for pasturelands [35,36]. The strategy of the
stockbreeders was based on the displacement to wilayas where there was the possibility of
renting perimeters of forage plantation.
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3.3. Economic Analysis of Forage Plantation Program
3.3.1. Cost of One Hectare

The implementation of the forage plantation program required the mobilization of a
qualified labor force consisting of workers (laborers, guardians, and drivers) and a technical-
administrative staff (engineers, technicians, and administrative officers) (Figure 8). The
evaluation of employment needs was determined on the basis of technical standards
resulting from experience with the HCDS and the data below:

01 worker = 45 plants/day;
01 Hectare = 800 plants = 18 working days;
01 permanent job equivalent = 240 days.
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The plantation perimeters required a permanent guardian; the number of guardians
was set at one guardian per 100 ha. In addition, the realization of this project required a
technical-administrative staff consisting of different categories of personnel to ensure both
technical and management needs as well as administrative supervision. Costs per hectare
of forage plantation were structured as described in Table 2.

Table 2. The cost of a one hectare of forage plantation.

Items Costs (DZD/ha)

Purchase of forage plants (+transport) 6400

Purchase of seeds and bags 1176.47

Soil preparation 659.21

Boundary stones and delimitation 196.08

Labor costs 53,181.36

Technical and administrative supervision 196.08

Guarding of the forage plantation 5994.72

Administrative management costs 196.08

Total 68,000

As shown in Figure 9, forage plantation costs were recorded at DZD 68,000 per hectare
over the period 2014–2021, up by 566% compared to 1994–2001 levels. This evolution was
highly linked with the increase in costs related to labor and forage plants.
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Concerning cost structure, Figure 10 shows that the highest cost item was labor (78%
of the total forage plantation costs), followed by the purchase of transported forage plants
(9%). The unit price of a forage plant transported was DZD 8. Other costs (such as soil
preparation, boundary delimitation, technical and administrative supervision, etc.) did not
exceed 3.6% of the total costs.
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3.3.2. Economic Parameters

To analyze the economic parameters of the forage plantation program, data on in-
terest rates and barley prices (Figures 11 and 12) were obtained from official institutions
(1 FUs = 1 kg of barley).

The market price of barley was volatile according to market and climate conditions.
However, the government intended to shield farmers from the impacts of price volatility
through subsidies, which were insufficient in quantity (Figure 11).

In 1996, the interest rate in Algeria was 19%. It declined during a period of seven years
at 8.125% in 2003, then stabilized over the 2004–2020 period at 8%.
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Mean Annual Net Income, Net Present Value, and Annuity

The first projects of the forage plantation program (started in 1994) had a mean annual
net income of DZD 6676, a net present value (NPV) of DZD 69,118, and an annuity (A) of
more than DZD 8745. In 2002, the forage plantation projects reached a mean annual net
income of DZD 10,541, an NPV of DZD 103,054 DZD and an annuity (A) of DZD 13,038.
These three parameters rose until 2010, due to barley prices and costs of forage plantation
(32,000 DZD/ha). By 2011, the net present value (NPV) and annuity (A) fell to DZD 62,127
and 7860, respectively. This was due to the increases in the cost of plantation in 2011 and
2014 (45,000 and 68,000 DZD/ha, respectively).

Profitability Index (PI)

The profitability index values were higher than one over the six analyzed periods,
which indicated that the forage plantation projects were profitable (Figure 13). However,
the index declined from 4.91 in 1994 to 1.66 in the 2014–2021 period. This was due to the
increased cost as well as the low income earned from the rental (the price was fixed since
the creation of the program at DZD 2000 per hectare).
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Payback Period (PP)

The payback period was strongly correlated to the profitability index. It was noted
that this indicator increased from three to eight years (Figure 14). This was linked to the
low profitability of new projects compared with previous ones, taking into account that the
life duration of the forage plantation projects was 13 years of rent.
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The success of pastoral development programs requires the coupling of human and
natural factors. In Tunisia, despite the ecological and economic importance of steppe
rangelands [37], the State has only implemented 908,000 ha between 1990 and 2011, which
is disappointing considering that it represents only 25% of the projections made by the tech-
nical services concerned [38]. Rangelands in Morocco provide a livelihood for thousands of
people and protect Morocco from desertification [39]. Moroccan authorities have only re-
stored 662,000 hectares between 1970 and 2009, when the program to combat desertification
was given priority to sylvo-pastoral operations [40,41]. Libyan rangelands are one of the
significant pillars of support for the Libyan national economy. Libyan rangelands occupy
about 13.3 million hectares [42]. The technical services in Libya have been successful in
restoring an area of 928,800 ha of pastoral lands between 1970 and 2008, distributed among
Al-Abyar, Al Jabal Al Akhdar, Al-Magron, and Al-Tamimi [43,44].

In Tunisia, the first sylvo-pastoral plantations were begun around 1965. The species
that were used included Acacia ligulata, Acacia saligna, and Opuntia ficus indica. From
1980, other species such as Prosopis sp., Atriplex sp., Acacia salicina have been used. At the
end of the 1980s, indigenous species, in particular Periploca laevigafa and Rhus tripattitum,
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were introduced [45]. Zaafouri [46] and Zaafouri et al. [47] evaluated the performance of the
introduced species in the pre-Saharan sylvo-pastoral perimeters of Tunisia and estimated
that 82.9% of the southern perimeters were located on soils with low potentialities and thus
exhibited limited growth. In Algeria and Morocco, the shrub species most used in pastoral
development programs include Atriplex sp., Acacia sp., and Opuntia ficus-indica [48,49].
Kaba [50] indicated that plantations with Atriplex showed limited success on less sandy soil
types, and natural regeneration was non-existent on calcareous slopes. Kaba [50], Siad and
Zaidi [51], and Mulas and Mulas [52] showed that the advanced age of Atriplex plantations
had a negative impact on their fodder value due to the lignification phenomenon. For this
reason, the plantations must be integrated into the rotation model and access be controlled
during exploitation and not stored as standing reserves (lignification). In Algeria, the
number of pastoralists who had access to rehabilitated rangelands varied from year to year
(Table A3 in Appendix A). In 2019, the number of beneficiaries reached 3705 pastoralists
with a total of 1,477,328 sheep, as opposed to 860 pastoralists with 330,308 sheep in 2020.
In arid and semi-arid zones, pastoralists typically have to cope with two forms of severe
forage scarcity: the cyclic dry season, which can occur during several months of the
year, and unpredictable drought periods, which can last years [53]. In the context of
climate change, due to the continuous intense pressure exerted by pastoralists and their
livestock, and to limit the loss of pastoral species in the steppe, immediate action must
be taken by managers of steppe areas to remove the dysfunctional relationship between
the three main components of the pastoral system (pastoralists, livestock, and available
biomass) [7]. The High Commissariat for the Development of the Steppe (HCDS) has the
authority to limit the number of beneficiaries and the duration of the rental period, and
these decisions have been based on the reports of their technical services. To ensure the
sustainability of these plantations, exploitation by the stockbreeders must be rationally
organized. Couplings between human and natural systems vary across space, time, and
organizational units. Furthermore, past couplings have legacy effects on present conditions
and future possibilities [54]. Today, globalization has an impact on the sustainable use of
natural resources for food production [55]. The resource users will never self-organize
to maintain their resources. Therefore, governments must impose solutions. Research
in multiple disciplines, however, has found that some government policies accelerate
resource destruction, whereas some resource users have invested their time and energy to
achieve sustainability [56]. In our case, the State has been invested in the forage plantation
program with important human and financial resources to combat desertification and to
feed the livestock, but the management of the rental of these perimeters remains the major
weakness of this program (the rental time, number of heads per hectare, the identification
of beneficiaries, etc.).

4. Conclusions

To analyze the economic viability of the forage plantation project, evaluation methods
such as the mean annual net income (MANI), net present value (NPV), annuity (A) of NPV,
profitability index (PI), and payback period (PP) were implemented. The results showed
that the net present value (NPV) values were positive during the whole period from the
creation of this project until 2021, and the profitability indexes calculated for the six periods
were all superior to one, indicating that the forage plantation project was profitable, with
a maximum payback period (PP) of 8 years, which is inferior to the average period of
life for the project. In addition to the economic results, the positive environmental and
social effects have been confirmed by several authors, illustrating that the project effectively
contributed to the sustainable development of steppe areas. It should remain important
to invest in forage plantation projects that provide an important economic, social, and
environmental dynamic in rural areas.
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Appendix A

Table A1. Results of the forage planting program in 2020.

Wilaya
Number of
Proposed

Perimeters

Number of
Rented

Perimeters

Total
(Hectare)

Proposed
(Hectare)

Rented
(Hectare) % Rented

Returns
(Million

DZD)

Forage Units
(Million FUs)

DJELFA 44 39 12,736 12,736 7797 61 15,594 5.068
TIARET 2 2 650 650 559 86 1.118 0.363
M’SILA 53 18 9974 9216 1932 21 3.864 1.256
SETIF 18 9 2238 2038 402 20 0.804 0.261

TEBESSA 52 27 11,388 11,388 1718 15 3.436 1.117
OUM EL

BOUAGHI 13 13 3750 2843 1080 38 2.160 0.702

KHENCHELA 27 3 4789 4789 150 3 0.300 0.098
SOUK-

AHRAS 10 4 3540 3540 210 6 0.420 0.137

BATNA 6 2 3000 3000 125 4 0.250 0.0813
SAIDA 5 5 2000 980 980 100 1.960 0.637

SIDI BEL
ABBES 3 3 650 650 600 92 1.200 0.390

Total 233 125 54,715 51,830 15,553 30 31.106 10,109

Table A2. Economic parameters of forage plantation program per hectare (1994–2021).

1994–2001 2002–2004 2005–2006 2007–2010 2011–2013 2014–2021

Mean Annual Net Income (MANI) 6676.78 10,541.71 11,983.34 11,983.34 11,983.34 11,983.34
Net Present Value (NPV) 69,118.91 103,054.13 110,404.78 104,291.06 86,935.48 62,127.58

Annuity (A) of NPV 8745.05 13,038.59 13,968.61 13,195.09 10,999.23 7860.49
Profitability Index (PI) 4.91 4.03 3.43 3.03 2.26 1.66

Payback Period (PP) (year) 3 4 4 5 6 8
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Table A3. Number of beneficiaries (2017–2020).

Sheep Breeders Total Number of Sheep Heads

2020 860 330,308
2019 3705 1,477,328
2018 1717 249,042
2017 2027 930,683
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