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Abstract 
Studies simulating the large-scale afforestation of the African Sahel constantly 
find warning signals of increased risk of extreme temperatures and heatwaves 
resulting from changes in albedo and latent heat flow. We review the affore-
station measures underlying three simulation studies, together with a restora-
tion model in which compartments are formed by greenbelts to enable suc-
cession of savanna vegetation, protected from hot wind and drought. Savan-
na-like vegetation (around 20% woody plants) will show bright reflective sur-
face and drying of leaves during dry season rather than constant green color, 
with very different impact on albedo and temperatures. We derive that the 
simulated risks of extreme heat and flooding from rain will strongly depend 
on species, shape and density of the new vegetation. Ecological restoration 
concepts are expected to mitigate or prevent such restoration related climatic 
risks. Compact afforestation of the Sahel does not appear to be necessary or 
feasible. A restoration model based on compartmentalization and the pro-
tected succession of diverse, climatically adaptable vegetation could also be 
used in populated drylands, as a sustainable and temperature balancing solu-
tion to desertification. 
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1. Introduction 

“Great Green Walls” (GGW) are large ecological engineering projects of affore-
station in semi-arid or arid desertification areas. The Chinese GGW “Three- 
North Shelterbelt Program” consists of renaturation areas stretched over 4800 
km as world’s largest ecological program (Li et al., 2012). Since 2005, a yet larger 
GGW is planned in the Sahel south of the Sahara with restoration areas over 
7500 km from coast to coast across Africa (OSS-CENSAD, 2008; O’Connor & 
Ford, 2014). 

We asked how desertification control could be done in an ecologically and 
climatically neutral way and how the process of natural succession of vegetation 
can be used in rather densely inhabited drylands like the Sahel. For the Chinese 
GGW numerous “lessons learned” were published (Sun et al., 2006; Liu et al., 
2008; Cao et al., 2011; Huebner, 2020). A positive effect of the restoration meas-
ures on soil, agronomy and climate was reported (Tan, 2016; Zhuang et al., 
2017). On the other hand, many hydro-ecological risks were observed when the 
species of planted trees and shrubs were not adjusted to the local soil and climate 
conditions, with sometimes poor survival rates. Climatically adaptable solutions 
are therefore highly needed for the large-scale restoration of drylands. 

The following features were shown to be crucial in semi-arid and arid revege-
tation projects (Cao, 2008; Cao et al., 2011; Jin et al., 2011; Wang et al., 2019): 
The plants used for revegetation ideally should be native, drought resistant and 
match with plant societies of comparable ecological and climatic conditions. 
Trees, if planted too densely may outgrow the local water supply even after many 
years. Natural succession typically results in diverse and climatically adjustable 
vegetation. In China this method is used in larger scale restoration since 2006 by 
closing remote areas over many years to enable vegetation recovery (Gerlein- 
Safdi et al., 2020). 

Climate warming is expected to increase the frequency and duration of heat-
waves (Easterling et al., 2000; Coumou & Rahmstorf, 2012). We review three 
studies simulating the afforestation of large semi-arid areas of the Sahel (Diba et 
al., 2019; Odoulami et al., 2017; Saley et al., 2019). Potential thermal effects re-
sulting from afforestation could add to the weather extremes of global warming 
and forecasted trend of prolonged heatwaves (Diedhiou et al., 2018). Extreme 
heat can be hazardous to health: During an extreme heatwave in 2010 in Niger 
both, the population’s morbidity and agricultural production were strongly af-
fected (Rome et al., 2015). Afforestation may also aggravate extreme precipita-
tion and flooding (Diba et al., 2016; Saley et al., 2019) so that decision-makers 
and politicians were warned to take these risks into account when planning large 
scale afforestation like the Sahel GGW (Diba et al., 2019). These concerns may 
contribute to a slow progress of this program in some African countries. 

On the other hand, we know that restorations are an important measure to 
fight the degradation of soil, processes of desertification and the related loss of 
arable land (UNEP, 2019). The soil degradation is generally caused by a growing 

https://doi.org/10.4236/gep.2022.102007


L. Huebner et al. 
 

 

DOI: 10.4236/gep.2022.102007 96 Journal of Geoscience and Environment Protection 
 

population, with a risk of getting aggravated by climate warming (Wang et al., 
2012; Huang et al., 2016). Climate change contributes to poor sustainability of 
densely planted (non-native) trees (Anderegg et al., 2018; Yao et al., 2019; 
Noulèkoun et al., 2018). The percentage of woody cover in African savanna eco-
systems typically is 10 to 30%, it is strictly adapted to the mean annual precipita-
tion (MAP) of the region (Sankaran et al., 2005; Veldman et al., 2015). There-
fore, sustainable restoration here would mimic native savanna-like vegetation. 
Based on this criterion we suggested a revegetation model for native vegetation 
to develop in natural succession within compartments, formed by two planted 
greenbelts that protect from wind and dryness (Huebner, 2020). 

In this review we look into the assumed afforestation measures that some re-
cent Sahel GGW simulation studies are based on, together with the land-use 
changes (LUC) resulting from the above compartmental revegetation model 
(Huebner, 2020). We compare the calculated and expected vegetation-atmosphere 
interactions and the climatic impact. The model combining planting and natural 
succession is used for comparison against the simulation studies because, besides 
the Chinese example of natural reforestation in closed land and a second “qua-
sinatural restoration” method (Wang et al., 2019), few concepts involve the 
process of natural succession in drylands. An example of dryland restoration 
using shelterbelts will be presented for which the long-term effects on the re-
gional climate have been documented. Finally, we review the FAO dryland as-
sessment of necessary restoration in the Sahel (Mansur, 2016) to understand 
how the Sahel climate simulations are related to the current plans of the FAO to 
create the African “Great Green Wall”. 

2. Simulation Studies: Sahel Large-Scale Afforestation 

Three recent meteorological studies simulating the large-scale afforestation of 
semi-arid and arid regions of the Sahel are reviewed. We compare the standards 
of new vegetation and the afforestation-related LUC assumed by the meteoro-
logical research groups, and the reported resulting climatic impact. 

2.1. Afforestation of Sahara-Sahel Interface Region 

Diba et al. (2019) investigated the appearance of heatwaves and thermal ex-
tremes, assuming a LUC in the Sahara-Sahel interface region, coast to coast 
across the continent, over five latitudes (15˚N - 20˚N). From 16˚W to 40˚E, this 
would be 2.6 million square km. Land-use would change from grassland (15˚N - 
16˚N), semi-desert (16˚N - 18˚N) and desert (18˚N - 20˚N) into a mosaic of fo-
rests and fields. The standard version of RegCM4 model was used for simulation. 

Large scale afforestation would reduce the frequency of temperature extremes 
over the reforested and other regions, whereas in eastern central Sahel tempera-
ture extremes could increase. A decrease in frequency of warm days in spring 
and summer and a decrease in warm nights during summer was found, partly 
due to increase in evapotranspiration and humidity. An alarming increase of 
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heatwaves is found for the southern Sahel during summer and autumn. The 
temperature changes are caused by vegetation mediated changes in latent heat 
flow. The authors reference a similar simulation study (Diba et al., 2016) that 
finds afforestation related increased risk of extreme precipitation events with 
flooding, and policymakers are alerted about adverse effects on socio-economic 
activities and health. 

2.2. Afforestation of West African Savanna 

Odoulami et al. (2017) compare West African climates from 1970 - 2000 against 
future climate (2030-2060, IPCC scenario RCP 4.5). They simulate forestation of 
West African savanna over four latitudes (8˚N - 12˚N), around 2000 km from 
west coast to the east. Replacement of grassland with broad-leafed evergreen 
trees is assumed, on 440 km × 2000 km = 0.88 million square km. The RegCM 
regional simulation model was used. Duration and frequency of heatwaves un-
der future climate conditions is analysed, without and with forestation measures. 

Under RCP 4.5 scenario (without forestation), heatwaves are increased over 
the entire Savanna region throughout the year. The forestation measures are 
found to further increase duration and frequency of heatwave events over the 
Savanna zone, mainly during dry season. The neighboring northern Sahel region 
and the Guinea coast region in the south would benefit from a decrease in num-
ber of heatwaves. The authors highlight meteorological risks that need to be 
taken into account when planning large scale afforestation as a mitigation for 
climate change. 

2.3. Afforestation Coast to Coast 

Based on earlier “Green Wall” concepts, Saley et al. (2019) simulate LUC with 
forestation on 1.76 latitudes along the southern edge of the Sahara, coast to 
coast, so rather a “wall like” narrow structure (14.08˚N - 15.84˚N). Grasslands 
are replaced by deciduous needle-leaf trees. From 16˚W to 40˚E, the area would 
be 0.92 million square km. The RegCM4.3 model was used and, as in the two 
former studies simulation done at a resolution of 50 km. 

The work finds increased rainfall events and amounts due to forestation 
(rainy days +9%) and reduced drought events (dry spells −4%). Maximum tem-
peratures and number of warm days are significantly increased over the refo-
rested GGW area (except during summer) and decreased in neighboring re-
gions, partly due to radiative effects (cloud cover, surface albedo). An important 
warming signal of increased diurnal temperature range is found over the refo-
rested areas that could contribute to heatwave events. The signal is missing dur-
ing summer due to increase in rainy days with attenuated temperatures. 

3. Renaturation Concept of Greenbelt Network 

In the following we compare the vegetational situation underlying these simula-
tions with concepts of revegetation of drylands that seem more ecologically sus-
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tainable and feasible. We have suggested a network renaturation concept as an 
answer to hydro-ecological stress found with large-scale afforestation (Huebner, 
2020). The model’s expected impact on the local climate will be compared 
against that calculated for the above compact afforestation measures. Few 
dryland restoration methods make use of the process of natural succession in 
combination with planted greenbelts. Native shrubs and trees are planted to 
form two greenbelts, each 10 to 50 m wide, in parallel 100 to 300 m from each 
other. The distance depends on the expected final height of trees. The inner 
compartment, around 75% (up to 90%) of the module area, is protected from 
wind and drought (Figure 1). Here, savanna or grassland with or without woody 
plants can develop in assisted natural succession, in accordance with local MAP. 
Appropriate soil treatment may expedite this process (Huebner et al.., 2022). Ex-
isting plants are kept for their protective and nursing effects (Castro et al., 2002). 

The planting of greenbelts can already create a minimum vegetation cover of 
20% - 25%. Successful control of desertification was found at or above similar 
coverage portions (Gao et al., 2011; Zhuang et al., 2017). The same for soil ero-
sion (Snelder & Bryan, 1995). Such model of combination of planted protective 
woody belts and an area of succession between them will need protection over 
long distances. However, sections of the inner compartment can be used for 
gardening, orchards, agriculture, parks or playgrounds (Figure 1) so that needs 
and interests of local communities are considered, creating value and long-term 
engagement in the maintenance work (Huebner et al., 2022). 

4. Climatic Impact: Compact Afforestation vs. Greenbelt 
Model 

What are the differences to be expected in how the local climate is affected, either  
 

 
Figure 1. Connective hydrologic module of twin greenbelts, top view. Two flanking shrub/tree belts with area of 
natural succession between them. Areas of agroforestry or recreation can be integrated.  
Modified from (Huebner, 2020). 
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by savanna plants that should develop from ecological revegetation measures, or 
by the vegetation of large-scale planted “forests” underlying the simulations? We 
present some morphological and adaptational features of savanna plants, and 
how they may impact various climate factors. Also, a real-life example of region-
al dryland afforestation is given for which the long-term impact on the regional 
climate has been documented. 

4.1. Nature of the New Vegetation: Impact on  
Albedo and Temperature 

The nature of vegetation has an impact on albedo, energy flux and surface tem-
perature. The new vegetation assumed in the three simulation studies was 
broad-leafed evergreen trees, deciduous needle-leaf trees, or a mix of forests and 
fields. Broad-leafed evergreen trees seem suitable for humid or sub-humid cli-
mates. Needle-leaf species (e.g., Pinus nigra, P. sylvestris, P. halepensis, Cedrus 
libani) are indeed used successfully in afforestation of semi-arid mountain re-
gions with winter rain, as in Algeria or Turkey (e.g., Boydak & Caliskan, 2015). 

Such vegetation standards imply a dark green vegetational colour throughout 
the year. A different situation should be expected for natural savanna vegetation 
of the Sahelian climate zone and for a restoration done here based on natural 
succession. During around nine months of dry season the leafs of many savanna 
tree species will dry and show golden colour (e.g., Acacia senegal, A. raddiana, 
Commiphora africana). Xeromorphic grasses turn into light yellowish colour 
during this season. The epidermis of many xeromorphic woody plants has grey, 
white or blue wax cover (cuticula), others have thorns or white “hair” reflecting 
the sunlight, reduced number of leafs, reduced leaf size, or can turn leafs verti-
cally during noon hours (Bresinsky et al., 2008). The albedo of native savanna 
plants during dry season therefore will be much higher than that of evergreen 
broad-leafed or needle-leaf tree forests. Even during rainy season, the low (ca. 
25%) portion of woody xerophytes of the comparator model will result in far 
higher reflection compared to the compact cover of simulated forests. Therefore, 
semiarid and arid grass- and shrubland developing in natural succession will 
show far lower absorption and warming during the dry and rainy seasons. 

4.2. Precipitation, Risk of Flooding 

The tree cover of savanna is strictly adapted to the regional MAP, typical African 
savanna have a tree cover between 15% and 25% (Veldman et al., 2015), as in the 
above renaturation model. The compact afforestation assumed in the meteoro-
logical studies, however is unlikely to be sustainable in arid or semi-arid climate 
without additional source of water, e.g. as with a high groundwater table. 
Growth of densely planted trees can cause hydro-ecological stress, leading to 
mortality of vegetation (Cao et al., 2011; Jin et al., 2011). In comparison, native 
grasslands developing in natural succession have low evaporation and water 
consumption (Milkovic et al., 2019), this component of the module therefore 
contributes to water storage and stable SMC. 
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Like other simulation studies (Becker et al., 2013; Yosef et al., 2018; Branch & 
Wulfmeyer, 2019), the simulation of Saley et al. (2019) finds an increase in rain-
fall events induced by afforestation, which can stabilize vegetation against 
drought. Together with Diba et al. (2016) they also find a risk of extreme preci-
pitation and flooding, resulting from compact afforestation. The comparator 
model, if covering e.g., 20% of an area would limit this risk as there would be 
evaporation and precipitation from only around 5% additional woody plants, 
not 50% or 100% as assumed in the simulations. 

4.3. Shape of New Vegetation: Impact on Wind, RH and SMC 

Shape and compartmentalisation of the twin-belt or similar models will increase 
the region’s surface roughness, hundreds of km of connective modules, created 
on degraded ground can markedly reduce wind speed across the network and 
increase RH and SMC in and around the modules. This is precisely the result 
described for a dense network of tree belts in Northern Jiangsu, China (Zhuang 
et al., 2017): Shelter-belt plantation along streets, ditches, and land ridges had 
markedly increased the vegetation from 3% (1950’s) to 36.9% (2010’s). Hot dry 
desert winds were blocked and regional climate changed from semi-arid to 
moderately sub-humid above a reported threshold of 16% tree cover. Days with 
dry-hot wind decreased from 0 - 20 per year until 1970, to 0 - 10 (1971-1980), 
and 0 - 3 (2006-2013), paralleled by a 0.63˚ decrease (1991-2006) in regional 
temperatures (Zhuang et al., 2017). 

Desert bordering regions with frequent hot winds generally will benefit from 
such vegetation mediated blocking of wind driven extreme temperatures, in com-
bination with the cooling from evapotranspiration. This is schematically shown for 
the twin belt model (reviewed in 3), in Figure 2. The module would contribute to 
increased water storage since compartmentalisation and ditches can direct rain-
water into water pools or ground. The plant’s evapotranspiration and green-
belt-mediated break of hot desert winds could result in regional climatic changes 
comparable to those observed in above example of Northern Jiangsu. 

 

 
Figure 2. Climatic-hydrological parameters of the twin belt module. 
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5. FAO Assessment of Sahel Restoration Need and Potential 

How are the Sahel climate simulations related to the current plans of the FAO to 
create the African “Great Green Wall”? The plan was developed on basis of a 
FAO study of the Sahel desertification status. In 2016 the FAO published a map 
created from an analysis of 63,000 half hectare sized areas across Sahel drylands 
(Figure 3, courtesy of FAO). It demonstrates for an African core region of 7.8 
million square km that only a portion, 1.66 million square km potentially can be 
targeted for natural regeneration, agroforestry or reforestation of heavily de-
graded drylands (Mansur, 2016). If realised and finalised per plan in 2030 this 
LUC would cover 21% of this huge region: The less transparent green areas on 
the map represent those of high restoration needs and opportunities. The ana-
lysed territory is three times the size assumed in the simulation of Diba et al. 
(2019) (2.6 million square km). The need for restoration was calculated with 
21% of it (Mansur, 2016). 

6. Summary: Climatic Impact of Afforestation Models 

Simulations find an increased risk of heatwave events following the large-scale 
afforestation of defined regions of the Sahel. In the study of Diba et al. (2019) the 

 

 
Figure 3. FAO map: Restoration potential of Africa’s GGW (Mansur, 2016). Green coloured areas north and south of the Sa-
hara: Less transparent green represents areas of high restoration needs and opportunities, transparent green represents low 
needs and opportunities of restoration. Permission of the Food and Agriculture Organization of the United Nations. 
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days with heatwaves were increased mainly in the south-west Sahel (Senegal, 
North Guinea, South Mauritania) during summer and decreased over the entire 
Sahel region during the winter months. The eastern central Sahel could suffer 
from an increase in extreme thermal values. Also, a moderation of extreme tem-
peratures in GGW neighboring regions was confirmed in all three studies. Some 
studies find that the reforestation would induce an increase in extreme precipi-
tation events with flooding. 

In contrast, we expect less variability and moderation of temperature extremes 
for a lighter version of renaturation. The twin greenbelt model with low absorp-
tive savanna-like vegetation and low portion of woody plants can be used to 
create a hydrologic network. Compartmentalisation with woody plant belts can 
reduce the days with hot-dry wind and increase RH and SMC, as seen in Jiangsu 
region, China (Zhuang et al., 2017). Table 1 summarises features of the four LUC 
measures. In our comparator example we assume an overall 20% LUC from the 
addition of twin belt modules (5% planted belts, 15% natural succession area). 

 
Table 1. Summary of large-scale afforestation models, climatic impact. 

 Simulation 
Diba et al., 2019 
RegCM, 50 km 
resolution 

Simulation  
Odoulami et al., 2017 
RegCM, 40 km 
resolution 

Simulation 
Saley et al., 2019 
RegCM, 50 km 
resolution 

Hydrologic network of greenbelt 
modules, Huebner, 2020 

Reforestation area 
assumption 
 

Sahara-Sahel 
Interface Area: 5 
latitudes of Sahel, coast 
to coast, ca. 2.6 million 
km2 total area 

4 latitudes across 
semi-arid Sahel 
savanna ca. 2000 km 
length, ca. 0.88 million 
km2 total area 

Northern Sahel Area: 
1.76 latitudes coast to 
coast, 
ca. 0.92 million km2 
total area 

Network of existing vegetation and 
new connective modules (25% trees, 
75% grassland). 
Example: 
Original vegetation: 10%, connective 
modules: 20% 

Vegetation 
cover % 

100% fields and forests 100% forest 100% forest Example: 30% total vegetation cover 

Composition of 
vegetation 

100% crops and trees 100% trees—evergreen 
broad leafed 

100% trees— 
deciduous needle leaf 

Example: 10% original vegetation, 
planting of 5% native shrubs/trees, 
15% grassland as natural succession 
within modules 

Expected 
reduction in 
albedo 

High: high tree and 
crop plant cover 

Very high: high tree 
cover, evergreen 
nature 

Very high: high tree 
cover, evergreen 
nature 

Low: low number of woody plants, 
native savanna plants reflecting 
radiation, light color during nine 
months of dry season 

Extreme 
temperature (T) 
days, Risk of 
heatwaves 

Risk of extreme T in 
Central Sahel. 
Heatwaves increased 
during summer, 
decreased in winter 

Frequency and 
duration of heat wave 
events increased over 
forested area (Savanna 
in W Africa) 

T max, warm days, and 
risk of heatwaves 
increased over  
forested area 

Additional 20% savanna like 
vegetation will add 5% of native 
woody plants. More balanced T in 
restoration area, fewer days of hot 
dry desert wind, local increase in RH 
and SMC 

Extreme rainfall, 
Risk of flooding 

Extreme precipitation, 
flooding 

 Extreme rainfalls, risk 
of flooding 

Not likely: Savanna with low tree 
cover, plants adjusted to dry season; 
compartments 
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7. Discussion 

We reviewed three meteorological simulations of large-scale afforestation of the 
Sahel area and compared the assumed resulting vegetation against that of a res-
toration model combining the planting of greenbelts and natural succession. 
This comparison was undertaken in order to address the question of how de-
graded drylands can be restored in an ecological and climatically neutral way. 
Policy makers are alerted by the simulated enhanced risks of extreme tempera-
tures and flooding from extreme precipitation resulting from large-scale affore-
station, which otherwise can be effective in desertification control. However, the 
calculated disastrous climatic outcome may be mitigated or prevented by 
re-introducing vegetation in natural succession, with a savanna-typical propor-
tion of woody plants. 

Main differences in the restoration measures were found in the assumed den-
sity of LUC: Whilst all simulations are based on a 100% change in LUC from 
grassland/ savanna, semi-desert or desert into forests or forests and fields, the 
example model is based on creation of additional 20% savanna-like vegetation. 
Only a certain percentage (21%) of the huge Sahel territory was analysed by the 
FAO to be in need and to offer the possibility of such LUC (Mansur, 2016). If 
and when realised, such limited restoration should have low climatic conse-
quences, compared to the simulated massive LUC of 50% or 100% afforestation 
as a dense vegetation cover in semi-arid and even arid climate zones. The latter 
appears to be hydro-ecologically not sustainable, particularly not when ever-
green trees of the sub-humid climate would be planted. 

Bastin et al. (2019) have evaluated the global forestation potential, just, no one 
would want to turn natural savanna or dryland ecosystems into dense forest 
areas. These natural grasslands need to be protected due to their immense bio-
diversity and groundwater recharge function (University of Witwatersrand, 
2019), offering nature’s best adapted and sustainable answer to local climate. 
Aim of the Sahel GGW is to control desertification, to mitigate erosion and sand 
storms. In practice, renaturation should be based on social (development plans), 
biophysical and climatic parameters (soil characteristics, groundwater, precipi-
tation) that are mapped before planning. Early stakeholder management is 
needed to explain how over many years the new vegetation will translate into 
income and quality of life. 

A methodological hurdle of all three simulations could be the resolution and 
the fact that RegCM standards do not reflect the granularity of degraded areas of 
“high restoration needs and opportunities” across the Sahel found by the FAO 
when doing the analysis of half ha sized (100 m × 50 m) areas (Figure 3; Man-
sur, 2016). RegCM modelling at higher resolution (e.g., 50 km) may be suitable 
for general applications; it however requires the use of convection parameteriza-
tion which is known to be weak at reproducing clouds and precipitation appro-
priately (Prein et al., 2015). High resolution studies down to 2 km resolution 
have become feasible at continental, even global scale with benefit of accuracy 
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(Schwitalla et al., 2017). Recent studies simulating desert afforestation were able 
to apply standards based on meteorological data generated in desert forestation 
projects (Becker et al., 2013; Branch et al., 2014; Yosef et al., 2018). The future of 
these arid forestation projects will show whether they represent a hydro-ecologically 
sustainable vegetation standard, with the related questions of irrigation and pre-
cipitation. 

For natural African savanna we know that, “MAP drives the upper bound on 
woody cover in arid and semi-arid savannas” (Sankaran et al., 2005). A 15% - 
20% woody plant cover of savannas was found in a wide MAP variability of 
minimum 250 to 1100 mm, whereas 30% cover was already correlated with a 
MAP of minimum 300 mm (Sankaran et al., 2005). Consequently, sustainable 
renaturation concepts here should combine low percentage of trees with larger 
areas of grassland. Connecting the patches of existing vegetation via planted 
“corridor modules”—such hydrologic network is expected to mitigate extreme 
temperatures and drought from hot dry storms, as seen in the example of 
Northern Jiangsu (Zhuang et al., 2017). Woody species of the belts should be na-
tive and resilient to future extended drought events. Most suitable species for 
restoration may not be present locally as yet. A “prestoration” concept was de-
scribed to identify suitable species and to predict changes in the suitability of ha-
bitats in future decades (Butterfield et al., 2017). 

Natural succession as the main component of our model takes years of pro-
tected development, it results however in numerous ecosystem services, like bio-
diversity, climatic adaptability and sustainability of vegetation (Liu et al., 2018). 
In a meta-analysis the drought resilience of grasslands was shown to be high 
(Matos et al., 2020). Closed constructions with “renaturation compartments” 
like the twin belt module can enable and ease successional restoration, also in 
more populated semi-arid and arid regions. As indicated in Figure 1, areas of 
gardening, agriculture or recreation could be integrated locally in the succes-
sional areas (Huebner et al., 2022), thereby adding value for local stakeholders 
and gaining engagement during the years of maintenance. The latter often is a 
weak point in large afforestation projects (Holl & Brancalion, 2020). 

8. Conclusion 

Compact planting of trees (“forests”) in drylands bears hydro-ecological risks. 
These may be mitigated when the restoration aims to establish natural savanna 
with around 20% woody plants. There are adaptational-morphological reasons 
for native savanna species to have low energy absorption, particularly during the 
around nine months of dry season, with low warming effect. Models involving 
greenbelts to form compartments with a microclimate of increased RH and SMC 
should enable and ease the processes of natural succession in arid climate. Fur-
ther research on restoration models for drylands is suggested that makes use of 
natural succession to develop diverse native vegetation with higher adaptability 
to climate change. 

https://doi.org/10.4236/gep.2022.102007


L. Huebner et al. 
 

 

DOI: 10.4236/gep.2022.102007 105 Journal of Geoscience and Environment Protection 
 

Long-term investigation of the climatic impact of large-scale restoration is 
needed, like the one done for the N Jiangsu region, China. As found in this ex-
ample, desert-like and desert bordering regions with frequent hot winds can 
benefit from compartmentalisation with shelterbelts that will mitigate the wind 
driven heat and drought. The feasible restoration of only degraded locations 
(Sahel: 21%) with native, low absorptive vegetation should mitigate or even pre-
vent the risks of heat waves and flooding that have repeatedly been simulated for 
dense afforestation with subhumid trees at 50% and 100% LUC. Further studies 
using high resolution will help to understand the climatic impact of revegetation 
that involves successional processes and is based on the feasibility and needs of 
degraded drylands. 
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