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Abstract: The Great Green Wall (GGW) has been advocated as a means of reducing 

desertification in the Sahel through the planting of a broad continuous band of trees from 

Senegal to Djibouti. Initially proposed in the 1980s, the plan has received renewed impetus 

in light of the potential of climate change to accelerate desertification, although the 

implementation has been lacking in all but two of 11 countries in the region. In this paper, 

we argue that the GGW needs modifying if it is to be effective, obtain the support of local 

communities and leverage international support. Specifically, we propose a shift from 

planting trees in the GGW to utilizing shrubs (e.g., Leptospermum scoparium, Boscia 

senegalensis, Grewia flava, Euclea undulata or Diospyros lycioides), which would  

have multiple benefits, including having a faster growth rate and proving the basis for  

silvo-pastoral livelihoods based on bee-keeping and honey production. 
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1. Introduction 

Sub-Saharan Africa (SSA) is believed to be one of the most vulnerable regions globally to climate 

change [1]. Warming temperatures and changing precipitation regimes are projected to exacerbate 

natural hazards, accelerate desertification, increase exposure to infectious diseases, compromise food 

and water security and accelerate the degradation of ecosystem services [1–4]. Significant economic and 

humanitarian costs are projected, with climate change compounding ongoing development challenges 

in low income nations [2,5]. 

Semi-arid regions of SSA, the Sahel in particular, have been identified as “hotspots” of enhanced 

vulnerability to climate change [6,7]. This reflects the already marginal environment, high 

dependence on rain-fed agriculture, ongoing desertification challenges and limited adaptive capacity of 

socio-economic systems [2]. Given the inevitability of some degree of climate change and already 

observed impacts, adaptation has been prioritized for climate policy in SSA. To this end, significant 

advances in adaptation have been made over the last decade, including the establishment and 

disbursement of adaptation funds through the UN Framework Convention on Climate Change 

(UNFCCC), completion of National Adaptation Programs of Action (NAPAs), initiation of National 

Adaptation Plans (NAPs), mainstreaming of adaptation into development projects and the emergence of 

a large body of scholarship examining vulnerability to help direct adaptation efforts [8–13]. A variety  

of adaptations have been identified, evaluated and in some case implemented, ranging from those 

explicitly designed to reduce vulnerability to projected change, to interventions that address the 

underlying determinants of climate vulnerability [11,14]. Many adaptations are being undertaken at the 

community-level, funded by non-governmental organizations (NGOs) and donors, combining both hard 

responses aimed at specific risks of climate change and requiring significant capital investment and soft 

responses that are achieved through changes in policy, legal or administrative means that decrease 

vulnerability, with limited evidence of large-scale/trans-boundary adaptations [7,15]. 

One example of a large-scale adaptation is the Great Green Wall (GGW), a proposal for a continuous 

band of trees stretching across the Sahel to reduce desertification by moderating temperatures, wind 

speeds and soil erosion, while increasing local microclimate humidity for agriculture [16–21]. The idea 

was initially proposed in the 1980s over concerns of desertification and received renewed attention in 

the early 2000s as a potential adaptation to moderate the impacts of projected future climate changes. 

While the plan has suffered from a lack of funding and political will, we believe the central idea of the 

GGW has significant potential for adaptation: similar programs have been developed in other regions 

(e.g., China, New Zealand) and have been successful in reducing, and in some cases reversing, 

desertification [16,17,19,22–26]. However, we believe that the GGW needs modifying if it is to be 

effective, obtain the support of local communities and leverage international support. Specifically, in 

this paper, we focus on the vegetational composition of the proposed GGW, arguing that planting shrubs 

as opposed to trees would be more effective. We begin by profiling the problem of desertification in the 

Sahel, before reviewing the GGW plan as currently envisioned, and then propose our plan based on 

shrub planting. 
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2. Desertification in the Sahel 

Desertification can be defined as the process of soil degradation in arid, semi-arid and dry  

sub-humid areas, resulting from several factors, including climatic variation and human action, and 

which involves the loss of biological or economic productivity of cropland, pasture, wetlands, forests 

or woodlands [27]. However, there has been a continued debate regarding desertification in the Sahel. 

While there has been evidence of the increased encroachment of the Sahara desert into Sub-Saharan 

Africa and decreased tree-cover and vegetation [28], there have also been arguments that greenness in 

these semi-arid areas has been increasing over the last 25 years [29]. In this paper, we focus specifically 

on the process of soil degradation in arid, semi-arid and dry sub-humid areas, resulting from several 

factors, including climatic variation and human action, and which involves the loss of the biological 

or economic productivity of cropland, pasture, wetlands, forests or woodlands [30]. For decades, 

desertification has been identified as one of the most pressing challenges facing the Sahel, with a variety 

of factors making the region particularly sensitive [31–33]. Biophysically, the Sahel is a semi-arid 

transition zone between the Sahara desert and tropical Africa. With a rainy season of 3–4 months and 

annual rainfall between and 600–1000 mm, it has a history of significant climatic variability, punctuated 

with significant drought [34]. Just over 5500 years ago, the area was humid with lush amounts of 

vegetation [35]. However, minor changes in precipitation may lead to the most sensitive species being 

lost. This change in plant biodiversity can then lead to a failure in vegetation feedback as vegetation 

cover shifts and the interaction between plants and the climate changes. This then resulted in a cascade 

event and the development and subsequent expansion of the Sahara desert [35,36]. It is suspected that 

had biodiversity been maintained, biological systems could have prevented the encroachment of the 

desert [35,36]. In more recent years, the Sahel has experienced a series of wet years, but several areas 

are currently under prolonged drought, and more variability and decreased precipitation is projected with 

future climate change. Human factors are superimposed on this high climatic variability, with high levels 

of poverty, population growth and conflict across many regions of the Sahel, along with a high 

dependence of rain-fed agriculture. Poor land management techniques, over grazing, lack of water 

conservation strategies and human-initiated bushfires have all been identified as interacting with 

biophysical factors to create desertification [37], exacerbated by the disruption of traditional land 

management practices originating in the colonial era [38–42]. 

Grazing pressures, in particular, have resulted in soil compaction, erosion and a transition from high 

quality shrub and grazing lands to low-quality, low-value grasslands [43]. In Gambia, for example, 

fallow lands have been significantly reduced by a need to increase agricultural output [44], and in 

Nigeria, livestock populations grew 11-fold between 1950 and 2006, with the grazing needs of  

>66 million animals greatly exceeding the capacity of the grasslands [45]. As a result of the increased 

need for agricultural output, cultivation has been expanded to marginal, hilly and mountainous lands and 

wetlands across these areas. Furthermore, in many regions, the primary source of cooking fuel is wood 

harvested from native and non-agricultural vegetation, especially from forests. Superimposed on current 

drivers of desertification, SSA is also expected to have an increase in population from 1.4 billion to  

2.4 billion by 2050 [46]. There is continued debate on population growth acting as a driver for land use 

changes, however. The land use decisions of individuals farmers may play a greater role in driving 

changes of land use than population growth alone [47], and drivers of land use change may be distant 
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and the result of socio-economic factors from beyond the regional or national level [48]. Reflecting these 

broader socio-economic-demographic trends and climate projections, it is widely acknowledged that 

interventions are needed to stabilize current trends and decrease sensitivity to climate change impacts. 

3. The Great Green Wall 

One of the main approaches proposed for tackling desertification involves the creation of green belts 

and the planting of trees and other vegetation, which then function as natural barriers to desertification 

by reducing wind speed, stabilizing soil and increasing soil humidity. To this end, a widely discussed 

program to address desertification in the Sahel is the building of a “Great Green Wall” (GGW). The idea 

of a Great Green Wall in Africa was ratified at the World Day to Combat Desertification and Drought 

in 2002 when 11 countries of the Sahel signed the Convention Creating the Pan African Agency for the 

Great Green Wall. As of 2011, U.S. $115 million has been allocated to the initiative from a diversity of 

organizations and governments. The recent increased interest in the GGW reflects concerns over 

desertification and biodiversity loss in the context of climate change, with significant implications for food 

security, along with growing recognition that past efforts by the UN Convention to Combat Desertification 

(UNCCD) have not met their objectives [49]. The GGW project itself is already being implemented, but in 

a piecemeal fashion: to date, there has been major land reclamation within Senegal and Niger through the 

GGW, restoring 27,000 and five million hectares, respectively [49]. 

The original intent of the GGW was to create a partnership that, with support from international 

organizations, would work to halt and reverse desertification and land degradation [50]. The GGW 

emphasizes that environmental protection, societal well-being and economic gain must go hand-in-hand 

and that it is only through ecosystem protection that current livelihoods can be maintained, with the 

development and enhancement of silvo-pastoral systems a key component of the GGW. As such, the 

initiative represents more than just a wall of trees, encompassing a wide range of environmental and 

development issues. Although the GGW has been proposed as an adaptive strategy to climate change, it 

could also have important benefits for mitigation through the provision of substantial carbon 

sequestration through large-scale planting. This would also allow for nations involved in the GGW to 

potentially sell carbon credits through the international climate regime evolving through negotiations in 

the UNFCCC. 

While international support has been leveraged for the GGW, opposition to the project at local and 

international levels has mounted, arguing that the initiative has marginalized local people in decision 

making, is focusing on turning currently productive agricultural land to tree monocultures, will further 

stress the water system and may result in a loss of traditional livelihoods [51–53]. Moreover, it has been 

argued that an absence of local buy-in by communities and regional decision makers will significantly 

undermine the long-term sustainability of the program [54]. Indeed, other similar initiatives from Asia 

demonstrate that to be successful, the buy-in of local communities is essential and that partnerships must be 

created between government, local communities and technical and financial partners [26]. 
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4. Revising the “Great Green Wall” 

4.1. Shrubs vs. Trees 

The GGW, as currently envisioned, proposes that the first step is the planting of a 15-km wide forested 

band composed of a mixture of native tree species that would traverse the African continent from Senegal 

to Djibouti, along the southern limit of the Sahara desert. While forests are crucial to blocking desert 

winds and increasing atmospheric and soil humidity [21], we believe that other plant species would more 

likely be effective in addressing desertification, have fewer environmental side effects, have greater 

commercial usage and provide the basis for stronger local level support. Our concern over the current 

plan reflects the focus on using tree species, including members of the family, Acacia, which have slow 

growth speeds and high local value as cooking fuel, which may compromise the long-term success of 

the program and the return on investment if the aim is to moderate/reverse desertification. Particularly 

in regions of high poverty, and a high demand for fuel wood, high attrition rates of forest have been 

documented in other regions [55,56], and resources for protecting trees from illegal harvesting are not 

currently factored in to the GGW. As an alternative to slow-growing tree plants, we therefore propose 

that shrub plants of sufficient fully-grown height offer an alternative/compliment to the current focus on 

trees alone. Shrubs have a number of advantages over trees as the basis of the GGW. 

Firstly, the higher growth rates of shrubs as early colonizing plants would mean that land reclamation 

and recovery would be more likely to keep pace with current projections of climatic change. In areas 

where plant life has been removed, either from natural or human causes, shrubs are often a primary 

pioneer species, often establishing years before trees and able to reach maturity within a fraction of the 

time compared to tree species [57]. The rapid establishment and maturation of shrubs would ensure that 

investment into these areas would be sufficient to maintain current lifestyles and could result in 

significant improvements in the agricultural, economic and environmental impacts of the GGW [16]. 

Secondly, shrubs generate a variety of biological interactions, which are likely to improve outcomes 

and increase the returns on investment. Similar to trees, shrubs provide shade and windbreaks that 

increase soil humidity, allowing other plants to flourish in these areas [18]. It has been demonstrated, 

for example, that in arid areas with little cloud cover, shrubs can produce microclimate conditions that 

are up to 20 °C cooler than the surrounding bare ground, as well as having lowered rates of evaporation 

and increased soil humidity [58]. This creates an area with decreased evapotranspiration, increased 

humidity and better growing conditions for grasses and sedges [21]. 

Additionally, shrubs have been found to concentrate soil nutrients and to increase the availability of 

phosphorus, potassium, organic carbon and nitrates [16–19,23,25]. Encroachment of shrubs onto 

grassland or bare soil, for instance, has been demonstrated to increase aboveground carbon by 61%, soil 

carbon by 22%, root biomass by 65%, organic soil carbon by 12%, total soil nitrogen by 18% and 

available nitrogen by 3% [59]. These areas below the shrubs provide improved grazing areas, increasing 

the quantity and quality of available pastoral land [16,17,19,21,23,59] and reducing pressure on the land. 

In reforestation programs in the Mediterranean, for instance, where shrubs have been used as nursery 

plants for trees, they have been observed to create a beneficial growth environment, with growth rates 

of trees 1.8–6.3-times greater than trees grown without nursery shrubs [17]. A study of black Scots pine 

and black pine seedling survival in a Mediterranean arid zone found that survival was 54.8% and 81.9%, 
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respectively, when beneath shrubs compared to only 21.5% and 56.8% in the open [60]. Further, a review 

of the use of shrubs as nursery plants found that shrubs were most effective in drier, sunnier areas than 

in wetter, shaded areas [19]. As some shrubs are larger than others, microclimate changes could also be 

exploited by farmers who would be able to plant crops beneath the shrubs and in the windbreak that they 

create, with such crops requiring decreased irrigation compared to crops fully exposed to the wind and 

sun [58]. 

Shrubs are also a significant carbon sink. A study of new and old-growth shrublands in China, for 

example, found that carbon sequestration varied from −96 to −115 gm−2year−1 under normal growing 

situations [61]. In a comparative study of forest, grassland, shrubland and cropland, also in China, it was 

found that while grassland and cropland absorbed only 0.007 Pg C/a and 0.0125–0.0143 Pg C/a 

respectively, shrubland was a significant carbon sink, absorbing 0.014–0.024 Pg C/a, being surpassed 

only by forests at 0.075 Pg C/a [62]. 

Thirdly, shrubs may be more sustainable than trees in light of climate projections for the Sahel.  

An American study of an arid grassland in Texas, Arizona and New Mexico, for instance, suggests that 

shrubs have increased growth when compared to woody trees given decreases in precipitation and 

increases in temperature, as predicted under future climate change [20]. However, care should be taken 

to ensure that the shrub species selected are highly drought resistant, as drought tolerance can vary greatly 

by species [63]. As a plantation is already required, the transition from planting trees to shrubs should 

not incur additional financial or logistic strain. A case-study in Sichuan, China, examined the difference 

between planting trees, planting shrubs or performing no intervention in land reclamation [25]. The 

study was performed in a wet, cooler area, where trees were expected to grow better than shrub species. 

However, it was found that shrubland was better at restoring soil quality and required less financial effort 

to plant and maintain when compared to forestland [25]. 

4.2. Flowering Shrubs as a Substitute or Supplement to Trees in a Revised GGW 

Shrubs, then, have multiple potential advantages over trees in forming the GGW. Flowering shrubs, 

in particular, offer significant potential, as they would allow for the development of associated  

silvo-pastoral systems. The production of honey and honey-related products, in particular, could offer 

multiple benefits and underpin development activities for farmers and communities surrounding the 

GGW. There are several economic opportunities associated with honey products herein. Recently, the 

medical community has been recognizing the potential applications of honey [64–67]. Honey is the oldest 

wound dressing material used by humans and has traditionally been used to treat various conditions, 

including burns, infected and non-healing wounds, ulcers and boils [64–67]. This is due to honey’s  

anti-bacterial capability, its high acidity, osmotic effects, anti-oxidant and hydrogen peroxide content and its 

stimulation of immunity, as well as other currently unidentified compounds [64]. Sufficient evidence exists 

to recommend its use in the treatment of acute wounds and mild to moderate burns [64,66,67]. These types 

of medical applications have been found in multiple kinds of honey, including Gelam, Medihoney, 

Tualang and Manuka [64]. Among the honeys in which medical applications have been determined, 

Manuka is the most researched and of the most interest. Manuka honey is produced by bees that pollinate 

and collect nectar exclusively, or nearly exclusively, from flowers of the Manuka tree (Leptospermum 

scoparium), which is an arid shrub that grows in Australia and New-Zealand. 
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Manuka is thus one candidate shrub for reclaiming arid land, as it is a prolific shrub and early 

colonizer of cleared land [68] and has been used with great success in New Zealand. Here, it was found 

that Manuka was highly efficient in restoring soil quality, nursing other plant species and improving 

growing conditions on a variety of degraded terrain, including abandoned mines and areas of extensive 

deforestation, [22,69]. Pastoral land in New Zealand has even been converted back to forest by allowing 

it to be colonized by wild Manuka shrubs [24]. In the case of the natural reclamation of pastoral fields 

by wild Manuka plants, microclimate changes have been observed to facilitate succession and 

reforestation [24]. 

A major limitation to using Manuka in the Sahel is the fact that it is not native to the region. Manuka 

would be an invasive species and for that reason alone should be avoided in planning. However, Manuka 

has been extensively studied and provides a good example of the type of traits that must be found in a 

native species. There are several African shrub species with similar traits that could likely be used in a 

revised GGW. There are a number of native species that are known to grow fast in arid and semi-arid 

conditions on poor quality soil, that grow to a suitable height to form a wind break and that could be 

used as nursery plants. One example is Hanza (Boscia senegalensis). This shrub is found natively 

throughout the Sahel, produces flowers and produces ripe fruit at the beginning of the rainy season. This 

is the time in which sustenance farmers are most vulnerable, as they are only beginning to plant their 

crops [70]. Other species include raisin bush (Grewia flava), common Guarri (Euclea undulata) and blue 

bush (Diospyros lycioides). These are all shrubs that, in addition to producing flowers, also produce 

edible fruits and other valuable products, including wood products. The use of these shrubs for producing 

honey is not yet understood, however, and would have to be examined before they are incorporated into 

the GGW. 

The ability of selected shrubs to form the basis of honey production is an important consideration. 

With global demand for medicinal honey products increasing, this is an area in which a growing industry 

could be developed. Additionally, the local production of medical honey products would ensure that 

these products would be available to communities and countries across the Sahel. Therefore, this would 

not only provide economic benefits through developing industry, but could also increase medical 

resources and treatment options for local peoples, as the medicinal properties of honey could be taken 

advantage of and used in lieu of and to compliment traditional medicine. In addition to providing honey 

ingredients for pharmaceutical and healthcare applications, the inclusion of apiaries could have 

significant global implications. Recently, there have been widespread observations of colony collapse 

disorder with incredible levels of destruction in bee populations [71]. This is a pressing concern, as bee 

pollination accounts for U.S. $15 billion of crop yield each year in the U.S. alone [72]. Isolated Sahel 

plantations could therefore be used as a quarantine or to isolate healthy populations of honeybees that 

could then be exported to rebuild collapsing colonies elsewhere in the world. 

While the European honeybee (Apis mellifera) could be used in this industry and would have a higher 

economic value for exportation to areas suffering from colony collapse, the African honeybee would be 

preferential. There would be several distinct advantages to using African honeybees (Apis mellifera 

scutellata) that make it a more viable option than the European honeybee. Firstly, the African honeybee 

is already adapted to the climate and is able to survive in the temperature regime that these areas can 

expect following climate change [73]. African honeybees appear to maintain a range of 4.2 km2, meaning 

that so long as hives were planted in areas where the majority of the vegetation was the flowering shrubs, 
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monoculture honey could be assured [74]. As the proposed wall is 5 km wide, apiaries could be placed 

in the middle of the wall to ensure that the nectar sources are the flowering shrubs. Additionally, the 

African honeybee is a more aggressive species of bee than the European one [74]. This would help to 

prevent the poaching of the apiaries or of the shrub wood, although the more aggressive nature of the 

bees could be a concern for farmers and herders; however, these individuals could be trained in how to 

avoid disturbing the bees and how to react to disturbed hives [74]. These trained individuals would likely 

be the locals who would also have an ownership and care-taking role with respect to the apiaries and 

would have required this training to be able to harvest the honey. 

One essential component of this plan is to ensure local involvement and local ownership [75,76]. 

Individuals who are seeing direct personal gains from these programs will be more likely to protect them 

and to encourage them [75,76]. Through communication, interaction and education programs with local 

communities and individuals along the length of the GGW project, it should be possible to gain support 

for this program. There are several assessments that must be completed at the local level to ensure the 

success of this program [75,76]. Continuous inclusion of local people in every step of the process, from 

planning to implementation and maintenance, is important for creating local ownership [76]. 

5. Conclusions 

In this paper, we argue that if the proposed Great Green Wall for addressing desertification in the 

Sahel is to be effective, then there needs to be an enhanced focus on the planting of shrubs as opposed 

to trees. Drawing upon research and successful desertification remediation schemes elsewhere, we show 

that using shrubs has several advantages, including their higher growth rates as early colonizing plants, 

silvo-pastoral systems around honey production that they can support and their pre-adaptation to climate 

change impacts projected for the region. While Manuka is the most widely researched shrub, it is not 

native to the Sahel, with several alternative species, including Hanza, raisin bush, common Guarri and 

blue bush, offering alternatives, albeit with the need for further study to examine their suitability.  

By incorporating such shrubs in desertification control, we demonstrate how this could aid in the 

recovery of agricultural land, create secondary industries through honey and pharmaceutical products, 

restore and improve pastoral lands and help protect natural habitat from grazing. 
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