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H I G H L I G H T S

• Algerian steppe rangelands have under-
gone the impact of overgrazing in recent
decades.

• Misguided management proves coun-
terproductive regarding planned objec-
tives to increase productivity.

• Models help to design alternative strate-
gies to reconcile economy and ecology.

• Supplemental feed composition must
include bulk requirements of rumi-
nants.

• Adequate feed prices preserve livestock
and environment.
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This work illustrates the application of a simulation model to analyse how swiftly large-scale land-use changes can
drive broad territories to collapse. In this sense, the economicneeds of a population should not clashwith thenatural
environment but rather be reconciled with it. Abundant literature deals with the integration of socioeconomic
drivers, ecological aspects, farming management, and climatology related to Algerian rangeland degradation.
The present study seeks to compare the time course of Alfa grass biomass and the livestock raised on these distinc-
tive rangelands under two different land-use strategies. The traditional one has nomads as the main inhabitants of
these lands. For centuries, their strategy for alleviating pressure on resources was to move from one area to other.
Themore recent sedentary land-use leads to overgrazing supported by themassive use of cheap supplemental feed.
Additionally, themodelwas used as a platform to launch scenarios for sustainable land-usemanagement under a
competitivemarket-economy. A key finding for preserving grazing resourceswas the increment of supplemental
feed prices, which is compatible with stocking rates higher than the historical ones.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

According to Moxnes (2000), misperceptions concerning
renewable-resource management condemn territories to degradation.
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The reason is that the heuristics decision-makers apply neglect nonlin-
earities and have a vague perception of the stocks-and-flows structure
of the system, which hamper proper solutions for dynamic problems.
The same conclusion was reached by Sterman and Sweeney (2002) on
testing MIT graduate students' intuitive understanding of climate
change. Their response to various scenarios for CO2 emissions or con-
centrations was mainly wrong. The point is endorsed by the ‘Com-
mand-and-control’ approach (Holling and Meffe, 1995) that shows
through several examples the unexpected catastrophic consequences
for both natural ecosystems and human welfare due to well-meant
management policies.

This also applies for desertification and the prevailing confusion
concerning its origin. ‘Bad luck’ or external forces are considered the
cause of degradation (Thomas and Middleton, 1994) despite the clear
definition of United Nations (UNEP, 1994) that states that desertifica-
tion is caused by ‘climate variations and inadequate human activities’.

Therefore, when sand invades crop fields, roads, and cities, the gov-
ernments react as if under the attack of a monster and enact expensive
mega-projects that are futile. One example is the heralded Green Barrier
that stretches east to west across Algeria, is the icon of ineffective strat-
egies to combat desertification. The Algerian army raised up a wall of
trees (16 miles wide and 746 miles long) along the entire northern
edge of the Sahara desert to confront a myth (Langeweische, 1997).
The purpose was to stop the sand, as if sand were the cause of the
land decline, and not a symptom of a more complex syndrome as de-
sertification is.

Indeed, degradation has a strong anthropogenic component. Many
cases of desertification around the world are the result of misguided
policies that created fleeting wealth and left barren lands: The Soviet
ambition of reaching cotton self-sufficiency drained the Aral Sea and
ruined the region (Micklin, 1988); The replacement of grasslands by
wheat fields triggered wind erosion of sand and expelled farmers from
the Great Plains of United States, which since then became known as
the Dust Bowl (Lockeretz, 1978); The political ambitions of China on
Inner Mongolia turned ‘unproductive’ rangelands into agricultural pro-
duction centres (Sheehy, 1992), exposing bare soil to wind erosion.
Consequently the frequency andmagnitude of dust storms of the region
increased substantially (Wang et al., 2004).

The Algerian rangelands fits well in this string of large-scale ambi-
tious plans and resembles what Valle Junior et al. (2014) called “the
threat of environmental land use conflicts”. The sudden land-use
change that abruptly transformed traditional nomadic and intermittent
use of resources to permanent settlements, is converting rangelands
into dune fields.

From a regional and historical perspective, some local factors help us
understand the overexploitation of rangelands in North Africa. The Ma-
ghreb has undergone dynamic transformations since its countries
gained the independence after the French protectorate, becoming a re-
gion of emerging economic activity (Puigdefábregas and Mendizabal,
1998; Alary and Boutonnet, 2006). The clash between deeply rooted tra-
ditional knowledge and new land-use opportunities has brought about
new challenges that now constitute specific drivers for land degradation
in the region.

Rangeland degradation in the Northern Mediterranean is linked to
economic incentives that have increased livestock densities, as in
dehesas in Spain (Ibáñez et al., 2007) or pasturelands of Greece
(Ibáñez et al., 2014). The aim of economic incentives was to retain peo-
ple in rural areas in danger of being left empty by the massive emigra-
tion to cities. This was a threat to man-made landscapes that were
adapted to the presence of people andwhose absence leads to shrub en-
croachment and landscapes prone to forest fires (Puigdefábregas and
Mendizabal, 1998).

Demographic trends in South Mediterranean are quite different. In
the case of Algeria, the population jumped from 8.8 in 1950 to almost
40 million in 2015 (United Nations, 2015). Public investments to cope
with this challenge joined private initiatives in the form of remittances

and know-how coming from emigrants in northern Mediterranean
countries (De Haas, 2001). At the same time, governments profit from
the opportunity to fix population to land, in an attempt to control and
retain loyalty of nationless nomads (Trautmann, 1989; Mendizábal
and Puigdefábregas, 2003). The removal of most protection status of
rangelands in the 1980s (Slimani and Aidoud, 2004) and cheap access
to groundwater (Postel, 1999) contributed to the intensification of
land use for only the short-term goal of food security for an increasing
population. Improper management of arable land and overgrazing,
under adverse climatic conditions –droughts, intense rainfall events,
wind storms– has triggered soil losses (Del Barrio et al., 2016).

The paper focuses on the South Oranesse region, a suitable epitome
of North African steppe degradation. Here immense areaswere covered
by Alfa grass, Macrochloa tenacissima, a resistant grass adapted to ex-
treme droughts by slowing its physiological activity (Pugnaire and
Haase, 1996). It was so abundant that shepherds referred to those pas-
turelands as ‘Alfa seas’, this species being the main grass.

Several studies have demonstrated,measured, and explained the de-
cline of these Alfa seas due to livestock growing out of control in this re-
gion (LeHouérou, 1986; Puigdefábregas andMendizabal, 1998; Aidoud,
2002; Slimani et al., 2010; Hirche et al., 2011). In Mahgreb
M. tenacissima decreased from 80,000 km2 in 1900 to 28,000 km2 in
1990 (Le Houérou, 1995). In South of Oran 700,000 ha out of 1.2 M·ha
of Alfa grass has completely disappeared and the remaining half million
is much sparser (biomass was reduced from 1750 kg DM ha−1 to
100 kg DM ha−1) (Aidoud, 2002). Depending on the extinction rate,
rain conditions and lithology, tussocks of Alfa grass may be replaced
by species that are less desirable for grazing animals (Puigdefábregas
and Mendizabal, 1998; Hirche et al., 2011) or give way to bare soils
that easily transform into sand banks.

Our purpose is to integrate ecological and socioeconomic aspects of
grazing rangelandswithin a simulationmodel. The literature repeatedly
calls attention to the connection of main drivers of land-use change, im-
plying that socioeconomic reality should be taken into account when
evaluating the environmental footprint (Dalin et al., 2017). This is an
old claim (Costanza et al., 1993) that has been shaped by the complex
socioeconomic systems (SES) paradigm (Berkes and Folke, 1998),
under which this model is conceived.

Where long-term studies or experimental manipulations are not
possible, as is often the case in complex SES, representative models
can help to fill in knowledge gaps. In this way, models serve as virtual
laboratories to test and explore the effects of different land-
management policies.

Specifically, our goal is to compare the time course of Alfa grass bio-
mass and livestock under two different land-use strategies: (1) tradi-
tional nomadic pastoralism with little or no supplementation, and
(2) the intensive stockbreeding that prevailed after the massive use of
cheap supplemental feed, linking with that the model is used as a plat-
form to launch scenarios for sustainable land-use management under a
competitive market-economy.

2. Methods

2.1. Description of the case study

The steppes of North Africa, located between the annual isohyets of
100 and 400 mm, cover around 630,000 km2 between the Atlantic
Ocean and the Red Sea. They are made of a low and sparse vegetation
of perennial of sub-shrubs, including perennial grasses such as
M. tenacissima. For centuries, the natural land use was the nomadic
grazing of sheep, goats, and dromedaries, together with the shifting cul-
tivation of cereals. This land-use model functioned throughout histori-
cal times until the mid-20th century in a global society (Aidoud et al.,
2006).

These ‘Plateaus’ or ‘High Plains’ –with elevations of around 1000 m
above the surroundings in many areas– consist of large sub-horizontal
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