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Figure S1. Tree cover available for restoration nodes (0.1° x 0.1° resolution). Minimum value of 
0.0031% and maximum value of 100%. Original data extracted from Bastin et al. 1. 

 

 

Figure S2. Coloured regions are those where average temperature is not more than 5°C for 5 days 
continuously. Global surface temperature data (for the year 2005) is taken from the NASA database2. 
Regions in white indicate those areas deemed suitable for the chosen tree mix since temperatures are 
higher than 5°C. Percentage indicates the number of times in the year, the temperature goes less than 
5°C. 



 

 

Table S1. Minimum extreme temperature range for the chosen trees obtained from the USDA 
Hardiness Zone map3. Climatic zone is obtained from the CUFR calculator4. Given the minimum 
extremes for all trees, the temp range that would be suitable for all trees was set to greater than 5°C. 

    Climatic Zone on CUFR calcuator 
USDA Hardiness 

Zone 

Minimum 
Extreme 

Temperature 
Range 

°C 

Tree 1 Eucalpytus Coolibah  SouthWest Desert 9 and 10 -6.7 to 4 

Tree 2 Paperbark Tropical 11 4.4 to 10 

Tree 3 Date Palm Tropical 11 4.4 to 11 

Tree 4 Turkish Pine Inland Empire 9 -6.7 to -1.1 

Tree 5 Willow Acacia SouthWest Desert 9 and 10 -6.7 to 4 

Tree 6 Casuarina Tropical 11 4.4 to 10 

Tree 7 Kamani Tropical 11 4.4 to 11 

Tree 8 White Mulberry SouthWest Desert 9 and 10 -6.7 to 4 

 

Note S1. According to the FAO5, for date palms, if very low temperatures are maintained for the time 

period between 12 hrs to 5 days, the leaves will show frost damage and the tree will appear burnt. 

This time period was considered and 5 days set as the time period for which the temperature should 

not drop less than 5°C. 

 

 

Figure S3. Outline of the concept presented in this research. Low-cost RE powered (mostly solar PV + 
wind + battery storage) SWRO desalinated water is pumped to areas on arid land with restoration 
potential or bare land with suitable conditions to grow forests. The forests are irrigated with sub-
surface drip irrigation systems and as the canopy area of the trees increase, there is an increase in 
precipitation, capping out at 26% as explained in Figure S5. Th CO2 is stored in the aboveground, 
belowground biomass as well as the soil, deadwood and litter of the forests. 
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Figure S4. Flowchart presentation of the approach taken in this study.



 

 

 

 

Figure S5. Global mean annual Reference Evapotranspiration values (0.1° x 0.1° resolution). Obtained 
from FAO Map Catalog6. These nodal values are used together with the tree species specific water use 
co-efficient to determine the water demand of the tree. 

 

 

Figure S6. Share of evapotranspiration that may reprecipitate local over the afforested region. As the 
trees mature and canopy grows re-precipitation increases7. In the Sahara region, Kemena et al.8 
observed a 26% re-precipitation. This is set as the maximum value in this research to be reached when 
a forest matures in about 40 years. 

 



 

 

 

    

    

   



 

 

  

    

Figure S7. Annual historic CO2 costs and CO2 sequestration rate variation for the world and the major 
regions from 2030 to 2100. Climate zones that require more water have higher CO2 costs since the 
cost is heavily driven by water demand. 

  



 

 

The map diagram in the Figures S6 - S18 are in a 0.5° x 0.5° resolution. 

(a) 

 

(b) 

 

Figure S8. Annual historic CO2 costs in a 0.5° x 0.5° resolution in 2050 (a); and 2100 (b). 
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Figure S9. Average horizontal pumping distance to afforestation site from nearest coastline (a); Average 
elevation to afforestation sites (b); Average elevation with a maximum of 3000 m specified (c) Pumping energy 
accounts for both the horizontal and vertical transportation distances. The water transportation costs and 
energy consumption are sourced from literature as explained in Caldera and Breyer9. 
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Figure S10. Cumulative solar PV single-axis tracking (PV 1) and fixed-tilted (PV 0) per unit of the total area that 
is afforested (a); Cumulative wind capacity per unit of the total area that is afforested. The excel results file 
Supplementary Information 3 provides the data on a country and yearly level, while the map diagrams show on 
a nodal level for the specific year 2070. 
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Figure S11. Ratio of the excess generation to the total demand. In an integrated energy system, this energy 
would be used by other sectors of the energy system. To emulate this effect, it was considered that the excess 
energy would be sold at the LCOE system value in (b). The excess would be brought down to 10%. The income 
gained from the excess sold is then used to calculate the new LCOE (c). 
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Figure S12. Contribution of the components that comprise the afforestation system presented in this research 
to the total annualised costs of the afforestation node: horizontal and vertical water pumping and piping 
infrastructure (a); SWRO desalination costs (b); RE-based energy system costs (c); Land costs dependent on 
region and further broken down in Figure 11 (d); sub-surface irrigation system costs (e). 
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Figure S13. IMAGE model land costs obtained from Doelman et al.10 and inflated to €2020, given per unit hectare: 
Conversion costs include site preparation, planting and assumed to be an initial cost (a); Land rent for agricultural 
land , maybe different for desert land (b); Monitoring costs for forests (c); operation and maintenance of 
infrastructure taken to be 3% of the conversion costs (d). 

 

 

Figure S14. Version of LUT Energy System Transition Model11–13 used to model the energy system for the SWRO 
desalination plants to provide water for the afforestation sites. The objective is to design a cost optimised energy 
system where the energy demand is met for every hour through different RE technologies. The technical and 
financial parameters of the energy system are provided in Manjong et al.14, while the desalination system 
components are provided in Caldera and Breyer9. A complete version of the LUT Energy System Transition Model 
(LUT-ESTM) and the model functions that comprise the LUT-ESTM are presented in Bogdanov et al.13 and 
Bogdanov et al.11 
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Figure S15. Flowchart of the processes involved with LUT-ESTM. In this research, LUT-ESTM is used to 

determine for every 0.5° x 0.5° node, the least cost energy system built on renewable resources in the area to 

meet the electricity demand of the desalination plants for the node in ten-year time steps for the period from 

2030 to 2100. The capacities, generation and costs of the subsequent energy system for the period from 2030 

to 2100 is used to obtain the levelised cost of electricity (LCOE) and the levelised cost of water (LCOW). These 

data are used in conjunction with country specific land data and irrigation data to get the costs of carbon 

sequestration. 

 

Table S2. Power density projection for ground mounted fixed-tilted PV, single-axis tracking PV, onshore wind 
power plant capacities installed in the specific years. Current and projected land area use of the solar PV 
technologies are obtained from Bolinger and Bolinger15, projected for efficiency improvements based on 
Vartiainen et al. 16. The wind power density numbers are from Bogdanov and Breyer17. Power densities are 
assumed to be the same for all technologies after 2050. 

Years  2030 2040 2050 2100 

PV fixed-tilted MW/km2 109.3 127.5 136.6 136.6 

PV single-axis 
tracking 

MW/km2 74.1 87.4 93.6 93.6 

Wind onshore MW/km2 8.4 8.4 8.4 8.4 
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Figure S16. The average CO2 sequestration rate per major region for different cost levels (€/tCO2) for the years 
2030 (a); 2050 (b); 2070 (c); 2100 (d). The legend represents the colours for the different regions.  

 



 

 

 

Figure S17. Share of land area of each 0.5° x 0.5° node with afforestation potential required for the fixed-tilted PV, single-
axis tracking PV and onshore wind power plants in the year 2070. The land use is based on the numbers given in Table S2. 
On a global average, the total land area share for the renewable energy power plants is about 0.4%. Some nodes have 
relatively higher energy demand due to higher desalination demand and/or water pumping demands. Thus, these nodes 
have a land area usage higher than 1%. Supplementary Information 3 provides these numbers on a country average for the 
period from 2030 to 2100.  

 

 

Figure S18. Total energy demand per m3 of desalinated water produced for every 0.5° x 0.5° node with afforestation 
potential, for the year 2070.  Supplementary Information 3 provides these numbers on a country average for the period from 
2030 to 2100. The global average is about 0.005 MWh/m3, but increases for regions in countries like Iran, USA, Mexico and 
Chile to between 0.01-0.02 MWh/m3. The average energy demand to generate room temperature water for commercial 
atmospheric water generators (AWG) machines is about 0.98 MWh/m3 18–20. This is a factor of 200 higher than that of the 
current research of 0.005 MWh/m3. For places away from the coastline such as in Iran, Chile and USA the energy demand is 
a factor of 50-100 higher. The financial and technical parameters in current literature are based on small AWG machines that 
have a production capacity of 10.45 litres of water per day and a total investment cost of 2000 USD 18–20. AWG machines are 
still in its infancy and therefore, from an energy and cost point of view do not compete with the more mature SWRO 
desalination plants. In the future with steep improvements in energy efficiency and reduction in cost, AWG may become a 
viable water source in regions that are further away from the coastline such as in Iran, USA and Chile. 
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