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Executive Summary 

Increasing global temperatures due to climate change, accompanied by unsustainable land management 

practices, have left many parts of the Mediterranean Basin’s land area degraded or susceptible to 

degradation. This will impact almost 50 percent of the population within this area due to food shortages 

and destruction to the ecosystem.  

Funding for projects that aim to combat climate change is steadily increasing. Therefore it has been is 

deemed an ideal time to propose a dually aimed desertification and land degradation reversal project 

that reduces the amount of greenhouse gases in the atmosphere.  

The project proposes a plan to reforest and restore degraded areas in the countries bordering the 

Mediterranean, with an objective of sequestering 241.6 million tonnes of carbon yearly. This will be 

achieved by assessing natural and technological methods that are currently available. 

Many of the areas around the Mediterranean lack information on the environment, so data gathering 

sites known as “sentinel sites” are proposed. The aim of these sites will be to obtain the required data 

for multiple areas in order to plan future projects in combatting land degradation and desertification. 

The Guadalentin Basin was selected as the project field site as there is an abundance of information 

about the area as a result of prior land degradation projects. The site is also representative of the 

Mediterranean, as it experiences similar environmental and social pressures - such as water scarcity and 

soil erosion.  

A citrus tree reforestation site is proposed near the town of Lorca with an initial size of 1750 hectares 

and 285 trees per hectare. The towns of Lorca and Totana located near the orchard area will be used to 

source greywater. By separating the water within the households, a new plumbing system will need to 

be implemented within the towns and pipelines will be installed to pump the water from the towns to 

the filtration sites which are in close proximity to the orchards. Once filtered the water will be stored in 

a reservoir for use in the drip irrigation when required. This will provide adequate water to each of the 

citrus trees to help them grow, produce citrus fruits and improve the quality of the soil via the leaching 

process. To reduce the water requirements of the citrus trees, Liquid NanoClay will be deposited onto 

the land to improve soil fertility and increase crop yield.  

The total implementation cost of the technologies required to enable the growth of citrus trees 

is 200 million euros and will take approximately 5 years. Once the citrus trees start to bear fruit, the 

fruits can be harvested and sold to provide an income of 35 million euros per year, including the income 

from the carbon credits. After 14 years, the total revenue from the citrus trees will have accumulated 

enough to break even and therefore further profit can be used in the plantation of Pine trees over an area 

of 9275 hectares to achieve the goal of becoming carbon neutral over the Guadalentin Basin. The 

product Growboxx will provide sufficient water to the trees therefore there is no need for an irrigation 
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system. This will cost approximately 600 million and will take 20 years to install with 470,000 pine 

trees being planted per year.  Once the pine trees have reached maturity the project will be at 

completion.  

The life cycle of the plan was analysed to determine the technologies and processes most damaging to 

the environment, and these were minimised. This ensured the maximum environmental benefit is gained 

from the carbon sequestration of the reforested areas. The socio-economic assessment showed the 

impact the project will have on the local community as well as the local economy. 

The plans for the Guadalentin Basin would reforest a significant area, providing carbon sequestration 

and land quality improvements, as well as a financial gain. The project would need to be run alongside 

1,900 projects of similar scale to create a carbon neutral Mediterranean Basin. 
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1. Introduction 

1.1.   Motivation (GS) 

Within the Mediterranean around the time of the Roman Empire human activity begun having an impact 

on the environment. From then onwards the growth of human population has continued to change the 

environment at an exponential rate. Unsustainable farming practices and rising global temperatures 

have degraded (or put at higher risk of degradation) the land within the Mediterranean Basin.  

The population within the basin grew from 412 million in 2000, then to 466 million in 2010 and is 

expected to reach 529 million by 2025. As well as this more than half the population lives on the 

southern shores of the Mediterranean which sees a tourist influx of 396 million each year (Zdruli, 2009). 

Therefore, environmental pressures on the land are increasing.  Some areas such as the Levant region 

are currently experiencing their worst droughts for 900 years (Cook et al., 2016). 

Climate change caused by the emission of greenhouse gases from human activity have been attributed 

to declining biodiversity, increasing pollution and reduced food security (Cramer et al., 2018). The 

current estimate is that 30% of semi-arid drylands are at risk of desertification in the Mediterranean 

which could have direct impacts on up to 47% of the population. A model has predicted that a 

temperature rise of 1.5°C, or below, will allow the areas ecosystems to remain within the limits 

experienced during the Holocene and prevent the expansion of desert in Southern Europe and North 

Africa. 

There is also pressure for a land restoration program that can be carried out on a wider scale, as most 

restoration projects tend to take place over a few kilometres squared (MDDP Group 2, 2018). 

The European Union’s target aimed to increase the amount of money to 18.8% of the EU operational 

spending commitments over 2014-2020 to €206 billion (European Union, 2019). Thus, a large initial 

loan should be easier to acquire than at other points in history.  

Therefore, the is a need and an opportunity for a large project focused on reducing land degradation and 

reforesting whilst simultaneously combatting climate change over the Mediterranean Basin .    

 

1.2.   Scope (FB) 

With the project definition having multiple possible interpretations with regards to specifics, scope 

boundaries must be defined. The following points are to be considered to be within the scope of the 

project.  

 Reforestation: As this is explicitly stated in the project brief, reforestation will be one of the 

primary project aims. 
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 Afforestation: Not explicitly stated in the brief, the practice of afforestation will also be 

applied. This is defined as the act of planting a high number trees on land previously containing 

few to no trees (Collins Dictionary, n.d.) 

 Farm land preparation: Also not stated in the brief, but relevant to reversing desertification, 

sections of land will be prepared for the use of farming. This also contributes to carbon 

sequestration, one of the primary project aims. 

 Cradle-to-gate lifecycle: The project considerations will be limited to the initiation of the 

project, through to the mature stages of its life-cycle. 

 Financial: How the project will be funded will be discussed. The potential returns and a point 

to break even will also be discussed.  

Due to the complexity and scale of reforesting and reversing desertification around the Mediterranean, 

numerous limitations must be taken into account and omitted from the scope. These will be out of scope 

of the project. 

 Cradle-to-grave: Due to the unpredictability in timing and costs in the far future, the cost and 

effects of any project conclusions are not taken into consideration. Such conclusions may 

include removal of long-term irrigations systems,  

 Areas outside of the Mediterranean Basin: With the brief not specifying whether the project 

is applicable. The Mediterranean Basin is defined by Figure 1 below. 

 

Figure 1 - Mediterranean Basin highlighted defined by the dark-red colour (FAO, 2013) 
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1.3.   Assumptions 

Due to the complexity of the project, numerous assumptions must be made to be able to allow for the 

development of the project plan. Any other assumptions have been discussed in their respective 

sections. 

 All trees planted will achieve adulthood 

 All crops will achieve desired level of maturity (i.e. set for harvest) 

 There will be farmers willing to let their land participate in the project 

 

1.4.   Climate Change Goals and Commitments (MT) 

The climate on earth has risen approximately 1⁰ C above pre-industrial levels as a direct result of 

accelerated human industrial activity. This is expected to rise to 1.5⁰ C between 2030 and 2052 if the 

current rate of human activity is maintained (Masson-Delmotte et al. 2018). To ensure that this is not 

exceeded Masson-Delmotte et al. (2018) posit that the world must become reach a net-zero in global 

CO2 emissions by 2055 with non-CO2 radiative forcing reduced after 2030 as seen in Figure 2. If this 

is not achieved the environmental effects could be severe. 0.5⁰ C of global warming has been attributed 

to an increase in intensity and frequency of some climate and weather extremes. Long term changes 

such as sea level rise and ocean acidification are also associated with rising temperatures (Masson-

Delmotte et al. 2018). 

 

 

Figure 2 - Global temperature rise figure and estimates from 1960 until 2100(Masson-Delmotte 

et al., 2018) 
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The severity of the problem is clearly recognised by countries around the world with 43 countries 

pledging €9 billion to the Green Climate Fund (GCF) as of 2017. This is a global fund formed as the 

financial mechanism of the United Nations Framework Convention on Climate Change (UNFCCC) by 

the 194 countries present (Green Climate Fund n.d.). 

Financial investments into climate change have been combined with pledges for reductions in 

greenhouse gas (GHG) emissions. The most recent being the Paris Climate Agreement with 146 

countries pledging to reduce their emissions (Carbon Brief 2017). 

This clearly highlights a need and a willingness to act on the issue of the climate change. This suggests 

that funding and technological aid will be available to a project such as that discussed in this report. 

The benefits reforestation project of the scale discussed would have on the effects of climate change are 

significant, as this report will indicate. 

 

2. Evaluation of Project Aims 

2.1.   Estimation of the Required Carbon Sequestration (MT) 

If the problem of setting a level of reforestation is approached from a sustainability perspective, the 

primary aim needs to be ensuring that the project is carbon neutral. This based upon the assertion by 

the IPCC in Masson-Delmotte et al. (2018) that the globe must become carbon neutral by 2055 to 

increase the chances of keeping global temperature rise below 1.5⁰ C.  

The Paris Climate Agreement in 2015 saw EU countries pledge to reduce greenhouse gas emissions 

40% from 1990 levels (European Council 2014), or approximately 6000 million tonnes of carbon 

globally as seen in Figure 3 (Boden et al., 2017). If we assume the EU adhere to this target and the rest 

of the world keep on track, then an additional 3600 million tonnes of additional  

If we assume this is to entirely come from reforestation projects such as the one discussed in this report 

then it is reasonable to assume the Mediterranean Basin is responsible for 6.7% of this total, as it covers 

6.7% of global land area (Besacier et al. 2011). This means 241.6 million tonnes of carbon would need 

to be sequestered yearly in the Mediterranean Basin. A value of 0.38 tonnes per ha. 
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3. Assessment of Desertification 

3.1.   Types of Desertification (NL) 

According to the UNCCD, desertification can be defined as “Land degradation in arid, semi-arid and 

dry sub-humid areas resulting from various factors, including climatic variations and human activities” 

where the term land includes the land surface and its natural vegetation and local water resources 

(UNCCD, n.d.). Drylands can be classified into different regions known as the arid, semi-arid and dry 

sub-humid regions. According to the UNEP, 39.7% of the world’s land area is classified as drylands 

(Kar, 2016). The UNCCD excludes hyper-arid lands from the dryland definition as they are considered 

to be deserts (Sidahmed, 2017) which accounts for 7.5% of the worlds land area. The dryland regions 

can generally be defined as having a low average rainfall and is often associated with high temperatures 

which therefore puts a strain on the animal and plant populations as well as human activities such as 

agriculture. 

The UNEP aridity index is a numerical indicator of the degree of dryness of a climate and helps to 

classify regions depending on their aridity. There are a number of different but similar aridity indexes 

with different equations however the most common index used is the one by UNEP. Table 1 shows the 

aridity index value with the corresponding classification. 

 

Figure 3 - Global Carbon Emissions (Boden et al., 2017) 
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Classification Aridity Index Value 

Humid AI  1.0 

Dry land 1.0 > AI  0.65 

Dry sub-humid 0.65 > AI  0.5 

Semi-arid 0.5 > AI  0.2 

Arid 0.2 > AI  0.05 

Hyper-Arid 0.05 > AI 

 

Equation 6 from Section 2.2.3.3 is used to calculate the value of the aridity index, AI where P is the 

average annual precipitation and PET is the average potential evapotranspiration where 

evapotranspiration is defined as the process by which water is transferred from land to the atmosphere 

by the addition of evaporation of the soil and other surfaces and plant transpiration (Oxford Dictionary, 

n.d.). 

As an example, the average annual precipitation in the Murcia region of Spain is approximately 300 

mm (Currentresults.com, n.d.) and the national mean annual PET is estimated to be about 800 mm 

(European Environment Agency 2016) which gives an aridity index value of 0.38 therefore this would 

be classified as a semi-arid region. Figure 4 shows an aridity index map classifying regions within the 

Mediterranean (Baldi et al., 2004). It can be seen from the map that the generally the top half of the 

Mediterranean is classified as humid and the lower half of the Mediterranean is classified as arid.   

 

Table 1 - Aridity index value with corresponding classification 

 

Figure 4 - Map showing the classification of the Mediterranean region 
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3.2. Causes of Desertification (PB) 

There are a variety of causes of desertification and land degradation. They can be either natural causes 

or consequences of human activity within an area. These causes can be both applied to the different 

types of desertification mentioned above. 

 

3.2.1.   Urbanisation 

Jones (2010) noted that researchers found that desertification is presently driven largely by urbanisation. 

As more people move to the city where there is a higher income compared to rural areas as well as a 

higher rate of consumption on resources, this put extensive pressure onto the existing forests to be 

converted into lands where animals can be raised and agricultural foods to be grown. An increase in 

population means more lands needed to be used for housing as well as other necessary infrastructure 

such as roads. For this to happen, forested areas would have to be cleared to account for the increase of 

demand of land. Fewer trees available mean less carbon being sequestered meaning higher annual global 

temperatures increasing the drought periods making already fragile lands being more vulnerable to 

desertification. In addition, the increase in population puts more stress on the limited arable land used 

for food production meaning farmers will exhaust the nutrients in the land to deal with the increasing 

food demand. This makes the soil infertile making it unable to be used for agriculture hence increasing 

land degradation. 

 

3.2.2.   Deforestation 

Deforestation occurs when trees or other vegetation are permanently removed from an area for new 

urban land expansion as mentioned above. Deforestation can happen naturally from forest fires. 

However, with this, the ash produced can act as a fertiliser for when new plants begin to grow. 

Furthermore, some types of trees require fires so that their seeds can germinate. On the contrary, 

deforestation from humans is permanent. Forests are essential to the welfare of the planet. They act as 

a major carbon sink for the planet. Reducing the number of trees reduces the amount of carbon dioxide 

sequestered. This increases the amount of carbon dioxide present in the atmosphere exacerbating the 

problems of global warming. Higher annual temperatures can lead to more frequent and longer droughts 

leading to vast areas susceptible to desertification. 

 

3.2.3.   Overgrazing 

Overgrazing is one example of poor farming practises that is prevalent in third world countries. 

Overgrazing also known as intensive grazing occurs when livestock feeds excessively on one area of 

land for an extended period and where the vegetation has not yet been allowed to fully grow back to its 
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original state or worse has not started growing back. This is most prevalent in areas where 

overpopulation/urbanisation is an issue as there is a limited amount of land available for the animals, 

so farmers can only use that land whereas any land available is used entirely for urban expansion. The 

main cause of overgrazing is the lack of animal management. The animals are not rotated to different 

lands to feed so they end up feeding on young plants and seeds reducing the plants growth and survival 

capacity. The continuous movement of the animals in one area increases the death of plants and 

vegetation cover. Without plants to cover the land, the soil is left exposed to harsh weather conditions 

such as droughts and flash floods. Without any plant roots to hold the soil together, the top soil ends up 

as a runoff and the land becomes infertile. In drier areas this erosion can be detrimental and in fact some 

areas have been completely consumed by desertification (Rinkesh, 2018). 

 

3.2.4.   Climate Change 

Due to the aforementioned deforestation, there is more carbon dioxide present in the atmosphere which 

further fuels global warming. (IUCN, 2018) stated that estimates between the years 2080-2100 show an 

increase in Mediterranean surface temperatures between 2.2 and 5.1°C and the decrease of average 

rainfall between -4 and -27%. This is very important for the area chosen, the Guadalentin Basin as it is 

in Spain which is a country most affected by global warming in the Mediterranean. With an increase in 

surface temperatures, existing rivers, lakes and underground water sources will dry up as well as 

terrestrial biomes would have to adjust to this new situation (Lane, 2014).This can have serious 

consequences such as water shortages for people as well as for agriculture leading to crops failing and 

a food storage which can cause famine. With higher surface temperatures, there would be an increase 

in droughts and stronger flash floods. The droughts would make the top layer of soil extremely dry 

causing the layer to be fragmented so when flash floods occur, this layer is quickly washed away. This 

process reduces the fertility of the soil making it unusable for agriculture and building due to the weak 

structure of the soil. This leads to these lands being vulnerable to desertification.  

 

3.2.5.   Erosion 

As mentioned above for several causes, they all lead onto erosion of the top soil making the land 

extremely infertile and near impossible for farmers to use the land hence leading to further 

desertification of the land. There are two main types of erosion that are the main contributors to 

desertification. They are water erosion and wind erosion. 
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3.2.5.1.   Wind Erosion 

Wind erosion is the one of the most severe factor when dealing with the desertification process as the 

results of wind erosion are very damaging to the environment such as severe land degradation, 

impoverishing soil due to the soil particles being blown away by the wind. In addition, wind erosion is 

the prime factor in the exhaustion of land. Sand encroachment by the wind is a major concern in urban 

areas in arid ecosystems. As a result, this drives human population to poverty and migration to other 

areas. They abandon their previous fertile land and move into new areas, putting excess stress on the 

new lands to provide food for the new citizens (Mainguet and Dumay, 2007).  

Factors mentioned above such as deforestation and overgrazing are exacerbated with the combination 

of long droughts and high levels of rainfall in a short period of time. This makes already naturally dry 

lands vulnerable to wind erosion. These lands are mostly composed of light and thin soils. The drought 

worsens these soils by further reducing the soil particles into a finer size. This makes the soil to be very 

easily carried away by the wind. By losing this soil over a long period of time, it leads to soil infertility 

and therefore desertification of the area (Mainguet and Dumay, 2007).  

 

3.2.5.2.   Water Erosion 

Along with wind erosion, water erosion is a main cause of desertification. How this causes 

desertification is a straightforward process. Firstly, areas where rainfall is scarce are more vulnerable 

to this type of erosion. Long periods of drought will cause a crusting effect on the soil where the soil 

becomes extremely dry and flaky making it easier to be carried away by the weather. Areas that are 

scarce suffer from severe storms where the majority of the annual rainfall can fall in a few days or even 

a few hours. These rain drops are much larger than normal raindrops. When these raindrops hit the dry 

soil they shift the soil particles. These storms can cause flooding and this can cause the soil to be carried 

away as run-off. The top layer of soil where all the nutrients essential for plant growth ends up being 

washed away. This causes the sub layers to be exposed and lack in essential nutrient for vegetation to 

grow. This leads to the land being barren and infertile contributing to desertification.  

 

4. Selecting a Project Field Site 

There were three key factors that were considered whilst selecting a site for the project. The first was 

that the site was sufficiently desertified that it required attention. The second was there was adequate 

available data within the area as this site would not have the benefit of a preluding sentinel site project. 

The third was ensuring that it was representative of the region, therefore ensuring that the action plan 

could be accurately scaled up. 
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4.1.   Guadalentin River Basin (MT) 

The Guadalentin River Basin is located in Murcia, South-East Spain and covers 330,000 ha of land as 

seen in Figure 5 (Vincente et al., 2003). The basin has been used extensively in EU and UN projects 

such as MEDALUS (1991-1999), MEDACTION (2001-2004) and DESERTLINKS (2001-2005) 

because of its semi-arid climate and land degradation problems (Desire Project 2015). The climate in 

the region exacerbates land degradation as its one of the driest places in Europe seeing less than 300mm 

of rainfall per year with average temperature of 17⁰ C (Vicente et al. 2003).  

The primary drivers of land degradation and desertification in the basin are representative of Spain as a 

whole. Water availability is a key contributor with groundwater exploitation rife in the region. 1989 

legislation restricted extraction to 40Hm3 per year, but on average yearly water inflows only reach 

14.81Hm3 (Ezquerro et al. 2017). Agricultural land use, rural land abandonment, tourism, soil erosion 

and salinization are also driver in the continuing degradation of the land. The UNCCD identify the basin 

as possessing all the features of land degradation and desertification (Mateus 2006). 

 

 

The land breakdown within the basin is also representative of Spain with 42% of the land used for 

agricultural crops and 25% forestry coverage (Geeson et al., 2012). This is comparable to the national 

average of 47% agriculture and 22% forestry cover (OECD 2017). 

The Guadalentin River Basin is clearly an ideal choice for this project. It meets the criteria of being 

representative, sufficiently affected and has an abundance of data available from previous projects.  

 

Figure 5 - Map of the Guadalentin River Basin (Oñate and Peco 2005) 
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4.2.   Alternative Locations Considered 

4.2.1.   Alicante (PB) 

4.2.1.1.   Surface 

The province of Alicante covers an area of approximately 586,000 hectares and has a population of just 

over 1.3 million. Much like the rest of Spain, Alicante’s population distribution if irregular. The coastal 

areas are densely populated while the inland areas are much less populated. Reasons for this is that for 

the past two decades, Alicante has been a hub of national and international immigration. Most of these 

foreigners are from the European Union who have decided to retire in Alicante (Auernheimer, Almenar 

and Chapín, 2001). 

 

4.2.1.2.   Climate 

Alicante has an average maximum temperature of 31°C and an average minimum temperature of 20°C 

during the month of August. Its coldest month is January where the average maximum temperature is 

of 17°C and an average minimum temperature of 6°C. Rainfall is scarce in Alicante. During October, 

350mm of rain can fall at intense, concentrated and irregular patterns over a few days. 80% of the total 

rainfall can fall within only a few hours causing severe floods. There are also inland areas where rainfall 

does not exceed 200mm annually. In addition, Alicante is prone to severe droughts where intense 

evaporation and a lack of water are a recurring occurrence. As a result of both extremities of weather, 

Alicante has a semi-arid climate (Auernheimer, Almenar and Chapín, 2001). 

 

4.2.1.3. Terrain 

The terrain of Alicante has many inconsistencies. The southern part of Alicante consists of monotonous 

flat landscape. These flat lands are composed of alluvial plains, slops and coastal lagoons. Central 

Alicante is of a rolling landscape made up of mostly flatlands towards the East as well as hills and 

mountain ranges towards the West. There are also salt marshes and inland lagoons that were made from 

runoff. In addition, the area consists of oueds which are dry valleys with occasionally strong run-offs. 

The northern area of Alicante is primarily mountainous (Auernheimer, Almenar and Chapín, 2001). 

 

4.2.1.4. Agriculture 

Crops make up half of Alicante’s area with 60% of the land used are for rain-fed farming and 40% 

irrigated. Agrarian activity is a human activity where it requires the most use of land. This is most likely 

at the expense of the environment. The crops replace the natural vegetation in the environment causing 

a change in the flora and fauna distribution (Auernheimer, Almenar and Chapín, 2001). 
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Rain fed crops include almond trees, vines and olive trees. As these crops are grown on the slopes, 

gabions are implemented to prevent erosion and to retain the humidity of the rainfall. These rain fed 

crops need to be watered at least twice a year even though there is extreme scarcity of water. 

(Auernheimer, Almenar and Chapín, 2001). 

Irrigation farming is located in the alluvial plains of the Segura River. This farming is used for growing 

ground vegetable crops, citrus fruits and other fruit trees. The water received from the Segura River 

using a system of channels. Due to the history of the lack of water, the creation of a system of reservoirs 

by regulating all the rivers (Auernheimer, Almenar and Chapín, 2001).  

 

4.2.1.5. Vegetation 

Approximately 40% of the Valencian province is covered with forests. Woodland area in Alicante is in 

slight expansion due to woodlands invading previously abandoned crops and grasslands. 56% of this 

woodland area are scrublands, 39% consists of pine forests and 5% are of high sclerophyllons such as 

gall oaks and kermes oaks. Evergreen oaks are spread along the mountain ranges of Puig Campana. 

Pine trees are also found with this type of oak. Pine trees have been a favourable choice with regards to 

reforestation efforts that have been taken place but to no avail. There is not enough land for the growth 

of high mountain deciduous forests or for forest farming. The function of these woodland areas is to 

conserve the landscape as well as to prevent erosion in areas where crop abandonment is replaced by 

natural plant cover and the degradation of the land. In addition, the wood retains water and replenishes 

the dried up aquifers of the province (Auernheimer, Almenar and Chapín, 2001). 

 

4.2.1.6.     Water Sourcing 

As mentioned before water is a scarce resource within Alicante.  The agriculture sector consumes a vast 

amount of water, roughly 80% of the total water that is available. This can cause a shortage of water for 

other industries such as tourism. All of the rivers in the vicinity have reservoirs which store water to be 

used in the drought periods. The Vega Baja del Segura waters its fertile lands by the use of the Segura 

rivers water and by also using the Tajo-Segura transfer system. However, the water from the river is 

tightly controlled by authorities and in periods of extreme droughts receiving water quotas was a huge 

political and social dilemma (Auernheimer, Almenar and Chapín, 2001). 

The city of Alicante is supplied with water from other provinces and underground water which is from 

deep aquifers. The use of underground water has briefly stopped the water scarcity problem for a few 

years. However, to reach these deep aquifers, frequent drilling have been done in Alicante of depths 

between 300 to 600m below the surface. There has not been sufficient control in these drillings and as 
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a result many of the aquifers have been depleted as well as suffering from salinization (Auernheimer, 

Almenar and Chapín, 2001). 

 

4.2.1.7.   Water Erosion 

Most of the Alicante province is suffering gradual desertification and the main reason for this is water 

erosion. There are several reason why this type of erosion is the most prominent in the area. Rainfall is 

very scarce and only happens in a period of a few days during the year. The rain fall happens during 

storms where 200mm of rain can fall in just 2 hours. This type of rain produces large raindrops and 

when it lands on ground, it causes the dry and dusty particles from the long droughts to move. Secondly, 

the topography of the area, namely the steep slopes exacerbate the problems of surface run-off water. 

Infiltration into the subsoil is near impossible due to the short period of rainfall does not allow the water 

to go through the soil. Furthermore, a large amount of the subsoil is impermeable meaning underground 

run-off is not possible. The area also has little plant cover so the soil is exposed to the large rain drops 

and there are no roots holding the soil together to prevent the surface run-off. In addition, the 

abandonment of human activity in soil conservation has accelerated erosion (Auernheimer, Almenar 

and Chapín, 2001). 

 

4.2.1.8.   Tourism versus Agriculture 

Both farming and tourism in the Mediterranean compete for two of the most valuable resources needed 

in the respective industries: land and water. As a result, Mediterranean countries are worried about the 

expansion of tourism at the expense of less land available for other important industries. By using 

Alicante as a basis for the dilemmas, useful conclusions can be made that can be representative of the 

entire Mediterranean. It is important note the differences in the ways these two industries use land and 

water. Agriculture needs land for food production whereas tourism requires land as a support system 

where residences, facilities and leisure activities can be implemented. During the summer months which 

is extensively dry in the whole of the Mediterranean, the semi-arid lands of which Alicante is mostly 

made up of, competition can be intense. At the beginning of the 2000’s the agricultural sector required 

12900 Litres of water for approximately 1 euro worth of Agrarian produce. While the hotel and catering 

trade only needed 22.5 Litres per euro of product. This value is almost sixty times less than the value 

observed for agriculture. Regional farming required 2.65×1012 Litres of water annually whereas the 

hotel and catering trade only used 7.7×1010 Litres annually. This huge difference in the water 

consumption between the two sectors can be blamed on the price which agriculture pays for water which 

is less the 0.03 Euros per 1000 Litres whereas the service industry pays 0.20 Euros per 1000 Litres. It 

is blatantly obvious from these values that in a situation where there are difficulties in water supply, 

such as the Mediterranean, it is preferable to encourage economic growth which focuses on the lodging 
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and feeding of tourists instead of farming, fruit and vegetable growing (Auernheimer, Almenar and 

Chapín, 2001). 

 

4.2.2.   Rambla Honda (MT) 

The Rambla Honda field site is a 30,600 ha plot of land used in previous desertification and land 

degradation studies such as MEDALUS and located in the Almeria province of Spain. The climate is 

semi-arid with a big seasonal variation in rainfall causing intense and erosive periods in winter and 

long, dry periods in the summer. As with  the Guadalentin basin traditional agricultural plots and 

methods have been abandoned in the area (López-Bermúdez et al. 2005). These are all contributing 

factors to the desertification of the area and are all in-keeping with the causes of desertification at a 

national level.  

The area also has a wealth of data available on the geographical and anthropomorphic processes in the 

area. However, when compared to the Guadalentin Basin it is too small as an initial study to allow for 

accurate scale up and therefore was not selected as the location.  

 

4.3.   Sentinel Sites 

4.3.1. Motivation (GS) 

There are many types and causes of desertification, as discussed in the previous two sections, and when 

researching this report, it became clear that there was a lack of information about causes and effects 

desertification in many specific countries, as well as a lack of data relating desertification to the 

information gathered by remote sensing in general.  

As a location, the Guadalentin basin was unique as the DESIRE, DORIS and MEDALUS projects had 

all been conducted on site. Thus, there was an abundance of information about the ecosystem, soil 

composition, topography, rate and causes of desertification, land usage, and socio-economic pressures. 

Therefore, having all of this data present at the start of the project meant a plan could be constructed 

quickly and with relative accuracy. However, if any of this data had been missing the plan would have 

been slowed and the confidence in the technologies chosen reduced.  

Previously, the selection of data sites has been influenced by the organizations that fund the data 

collection. These tend to be organizations based in first world countries (Nkonya, et., 2011); as a result, 

many data collection efforts cannot be interpolated to the entire Mediterranean. However, as the 

ENGM001 project is inclusive of the entire Mediterranean, the project should be spread as to be 

representative of a larger area and population. Thus, the Sentinel sites are a key as when the ENGM001 

project is scaled up to the whole of the Mediterranean and more sites aside from the Guadalentin basin 
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are picked to host reforestation projects, the information obtained will be key in the choice of location 

and technologies used. 

 

4.3.2. Sentinel Sites Location (GS) 

When choosing which location to put sentinel sites on in preparation for future plans, the areas most 

sensitive to desertification have been chosen. Figure 6 was used in this process. Here the plans are most 

important in order to stabilize the areas from drought.  

 

 

 

 

 

 

 

 

 

 

 

 

 

As can be seen from the map the majority of Spain is in need of aid. Thus a sentinel site in Alicante is 

proposed for data gathering before a DLDR project. Other recommendations for sentinel sites in Europe 

include the area surrounding Enna in central Sicily, Eastern Greece near Athens. 

 

Figure 6 - Map of sensitivity to desertification in the northern Mediterranean (Lombardi & Rossi, 2016) 
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Figure 7 - Showing Desertification vulnerability in Northern Africa (REICH, et al., 2001) 

 

Figure 7 shows sentinel sites be placed in Algeria, West Turkey near Izmir and West Libya. However 

in the current political climate there are security concerns with each of the above countries (UK.gov, 

2019). The Foreign and Commonwealth Office advise against travel to these locations so safety 

considerations should be taken into consideration. 

 

4.3.3. Data Collection (MT) 

If data within an area is unavailable, then it must be collected before any technological solutions can be 

applied. The structure of this data collection for the sentinel sites follows the method outlined in the EU 

MEDALUS project. The reasoning behind using this structure is the similarity between the aims of the 

MEDLAUS project and that of the sentinel site data collection. MEDALUS was an EU funded project 

with the objective of obtaining a deeper understanding of the desertification process by developing 

modelling tools to assess the impact in a specific area. This was achieved using data obtained from three 

field sites and extrapolating it into a model for use in other areas (European Commission, 1999). 

The MEDALUS model evaluates an area’s sensitivity to desertification through the assessment of four 

distinct indicators; Vegetation Quality Index (VQI), Soil Quality Index (SQI), Climate Quality Index 

(CQI) and Management Quality Index. All four indicators are then divided into sub-indicators of 

measurable metrics that allow each to be calculated (Lahlaoi et al., 2017) 

 

4.3.3.1.   Soil Quality Index 

Assessment of the soil conditions in an area is vital to assessing the extent and type of desertification it 

suffers. To calculate the SQI the Texture (T), Soil Depth (Dp), Slope (S), Drainage (Dr) and Organic 

Matter (OM) are must be obtained (Lahlaoi et al., 2017) 

T is obtained using clay, sand and silt percentages which are stated in European Commission (2015). 

The chart found in Figure 8 is then used to assess which category this correlates to. Dp is also stated in 

European Commission (2015). S can be found through an online digital elevation model named 

Advanced Spaceborne Thermal Emission and Reflection Radiometer Global Elevation Map (ASTER 
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GDEM). Dr and OM are both partially stated in European Commission (2015). However, this data is 

not available for all countries. If it is unavailable it can be obtained on-site using the Percolation test 

and Walkley Black method respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A percolation test is simple to administer. It begins with digging a hole 0.46-0.61m deep and 0.1m in 

diameter with a measuring stick in the vertical direction, as seen in Figure 9. The hole is then filled and 

left for an hour to pre-wet the soil. It is then refilled to the rim, covered and left for 2 hours. A poorly 

drained site will drain less than 1.27cm per hour, a moderate site will drain at 1.27-2.54cm per hour and 

a well-drained site drains at more than 2.54cm per hour (Smiley, no date) 

 

 

 

 

 

 

 

 

 

 

 

 

0.1m 0.46-

0.6m 

Figure 8 - Soil texture calculation chart (Rhodes, 2012) 

Figure 9 - Percolation test set-up (Smiley, no date) 
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E.E. Schulte (1996) defines the process required to obtain the percentage of OM using the Walkley 

Black method. This can be applied on site if the data is not available through the avenues mentioned 

previously. 

Once T, Dr, S, Dp and OM have been obtained they are weighted using the MEDALUS pre-defined 

weightings found in Table 2. The five sub-indexes can then be applied in Equation 1 to obtain a value 

for SQI (Lahlaoi et al., 2017). 

 

 

 

 

 

 

 

 

 

𝑆𝑄𝐼 =  √(𝑇 × 𝐷𝑝 × 𝑆 × 𝐷𝑟 × 𝑂𝑀)
5

 (1) 

  

4.3.3.2.   Vegetation Quality Index 

VQI gives an indication of the vegetation coverage and quality. This subsequently reveals its ability to 

protect the area from desertification. The index includes sub-indexes Fire Risk (FR), Erosion Protection 

(PE), Drought Resistance (DR) and Coverage (C) (Lahlaoi et al., 2017). 

FR can be obtained through LANDSAT, a satellite that produces land use maps, and the FARSITE 

software, a fire simulation modelling system (Kanga et al. 2014). A PE map can be obtained using land 

use/ cover classification, topography, soil types and climate rates and integrating them as Co-ordination 

Table 2 - Classification and weightings for the five sub-indexes of the SQI (Lahlaoi et al., 2017) 
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of Information on the Environment (CORINE) model input files, as discussed in Yuksal et al. (2008). 

CORINE is a land cover model derived by the European Environment Agency (EEA). DR is obtained 

through land use maps, Normalised Difference Vegetation Index (NDVI) and Standardised 

Precipitation Index (SPI) with the application of correlation and regression analysis, as seen in Chopra 

(2006). C can be found through the NDVI, which can be found from Moderate Resolution Imaging 

Spectroradiometer (MODIS), a NASA satellite. 

The sub-indexes can then be calculated using the weightings in Table 3, and the final VQI of the area 

can subsequently be found using Equation 2 (Lahlaoi et al. 2017). 

 

 

 

𝑉𝑄𝐼 =  √𝐹𝑅 × 𝑃𝐸 × 𝐷𝑅 × 𝐶
4

 (2) 

 

4.3.3.3.   Climate Quality Index 

The climatic conditions in a region can act as a catalyst to the desertification process by preventing the 

quality and quantity of plant growth. The index is calculated using 4 sub-indexes; Rainfall (R) 

Evapotranspiration (PET), Aridity (Ar) and Aspect (A). PET represents the process in which water is 

transferred from the atmosphere by evaporation. Aspect is the compass direction of the slope of the land 

(Lahlaoi et al. 2017). 

Table 3 - Classification and weighting of VQI sub indexes (Lahlaoi et al., 2017) 
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Rainfall can be obtained from the EU or similar local databases from regional areas. If more specific 

geographical regions are required, then on-site testing can be administered. PET is calculated through 

the Thornwhite formula given in Equation 3. Ar is calculated through the United Nations Educational, 

Scientific and Cultural Organisation (UNESCO) formula given in Equation 6. A can be calculated using 

the ASTER GDEM online tool (Lahlaoi et al. 2017). 

 

           𝑃𝐸𝑇 (𝑚) = 16 × [10 × 
𝑇 (𝑚)

𝐼
] 𝑎 × 𝐹(𝑚,𝜑)         (3) 

 

PET is given in mm and ‘m’ corresponds to the month. T is the temperature. F (m, ϕ) is a corrective 

factor dependent on m and the latitude. I is the Annual Thermic Index and is calculated as seen in 

Equation 4. i(m) is the precipitation during a given month. a can be calculated using Equation 5. 

 

               𝐼 =  ∑ 𝑖 (𝑚), 𝑖 (𝑚) = [
𝑇 (𝑚)

5
]
1.514

12
𝑚=1                  (4) 

 

           𝑎 =  0.016 × 𝐼 + 0.5            (5) 

 

          𝐴𝑟 =  
𝑅

𝐸𝑇𝑃
   (6) 
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The CQI is then weighted using Table 4 and calculated by substituting the sub-index values into 

Equation 7 (Lahlaoi et al. 2017). 

 

        𝐶𝑄𝐼 =  √𝑅 × 𝐸𝑇𝑃 × 𝐴𝑟 × 𝐴
4

   (7) 

 

4.3.3.4.   Management Quality Index 

The regional approach to land management and conservation is an essential factor in assessing the level 

of desertification in an area. This is particularly pertinent if the regional causes of desertification are 

linked to anthropogenic activity. This is calculated using the sub-indexes; Population Density (PD), 

Conservation Practices (CP) and Grazing Pressure (G) (Lahlaoi et al. 2017). 

PD and the percentage of land under conservation, or CP, can be found using the World bank database. 

G can be calculated using Equation 8, with the real load of livestock (RL) calculated using Equation 9 

with the data for units of animal agriculture available in the EU book of agricultural statistics. The 

potential load (PL) can be found through analysis of ideal loading.  

         𝐺 =  
𝑅𝐿

𝑃𝐿
 (8) 

 

𝑅𝐿 = (0.86𝐺𝑈 + 1𝑆𝑈 + 5𝐵𝑈 + 10𝐶𝑈) (9) 

Table 4 - Classification and weighting of CQI sub indexes (Lahlaoi et al., 2017) 
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The sub-indexes are then weighted using Table 5 and the sub-indexes are then substituted into 

Equation 10 to provide a final MQI (Lahlaoi et al. 2017). 

 

 

𝑀𝑄𝐼 =  √𝐺 × 𝑃𝐷 × 𝐶𝑃
3

 
(10) 

 

                             

4.3.3.5.   Desertification Sensitivity Index 

The four independent indicators are then combined in Equation 11 to form to final figure for a regions 

sensitivity to desertification. 

 

       𝐷𝑆𝐼 =  √𝑉𝑄𝐼 ×  𝑀𝑄𝐼 ×  𝑆𝑄𝐼 ×  𝐶𝑄𝐼
4

                                                       (11) 

 

4.3.3.6.   Future Work 

The MEDALUS model is an established method of identifying whether an area is susceptible to 

desertification. However, the initial work was conducted in the late 1990’s. This means that the 

weightings and the breadth of categories may differ in today’s climate. Therefore, it is suggested that 

the findings in the sentinel sites are used to iterate the weightings as work is conducted. This will allow 

future work to stay relevant to the area and the time period it is conducted in. 

 

Table 5 - Classification and weighting of CQI sub indexes (Lahlaoi et al., 2017) 
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5. Technological Evaluation 

5.1.     Quality Functional Deployment  

5.1.1.   QFD Methodology (GS) 

QFD was used to determine which technologies should be used as part of the ENGM001 project by 

judging them against a series of criteria. QFD when used as a decision-making tool is a concept that 

translates the initial requirements into technical requirements based on what is important for the project.  

 

5.1.2.   QFD Ranking Application (MT) 

The inclusion of a QFD system requires a consistent system of classification for each category to ensure 

that every assigned ranking is consistent and valid. This section highlights the ranking system used in 

the QFD for this project. 

The QFD in this project included six categories of assessment; its effectiveness (E), risk (R), 

sustainability (S), cost (C), timescale (T) and appropriateness for the region (A). Each piece of 

technology is ranked 1-5 in each of these categories with respect to the criteria laid out in Tables 6-11. 

The six all need to be assessed however some are of higher importance than others. This differentiation 

between categories is the reasoning behind the inclusion of a weighting factor, as seen in Table 12. 

Cohen (1995) posits that the 9, 3 and 1 weighting system yields the most accurate results allowing for 

effective differentiation in severity, and this is therefore applied in this project.  

The final QFD ranking of each technology is calculated as seen in Equation 12 by multiplying the 

ranking in each category by its weighting factor. 

 

𝑄𝐹𝐷 𝑆𝑐𝑜𝑟𝑒 = (𝐸 × 9) + (𝑅 × 3) + (𝑆 × 3) + (𝐶 × 3) + (𝑇 × 1) + (𝐴 × 9) (12) 

 

Table 6 - Effectiveness Ranking System 

Effectiveness  Ranking 

Achieves aims with no complications 5 

Achieves aims with some complications 4 

Achieves some aims but with no major complications 3 

Achieves some aims but with major complications 2 
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Achieves none of the stated aims 1 

 

Table 7 - Risk Ranking System 

Risk Ranking 

No risk 5 

Slight risks which can be avoided with sufficient planning 4 

Large risk but avoidable with sufficient planning 3 

Unavoidable but small risk 2 

Large and unavoidable risk 1 

 

Table 8 - Sustainability Ranking System 

Sustainability Ranking 

Carbon neutral with replenishment of the natural world 5 

Carbon neutral but without replenishment of the natural world  4 

Slight long-term effects on the natural world 3 

Major long-term effects to the natural world 2 

Both major short and long-term damage to the natural world 1 

 

Table 9 - Cost Ranking System 

Cost Ranking 

No significant cost plus increased income for the region 5 

Moderate costs but long term increased income for the region 4 

Large initial cost but significant long term increased incomes for the region 3 

No significant costs but little to no increased income 2 

Moderate to large initial costs with little to no increase in income for the regions 1 
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Table 10 - Timescale Ranking System 

Timescale Ranking 

Immediate 5 

< 6months 4 

< 1 year 3 

< 5 years 2 

> 20 years 1 

 

Table 11 - Appropriateness Ranking System 

Appropriateness for the region Ranking 

Likely to work with no amendments 5 

Likely to work with slight amendments 4 

Likely to work with larger amendments 3 

Unlikely to work 2 

Not feasible 1 

 

Table 12 - Weighting Factor Ranking System 

Weighting Factor Ranking 

Critical 9 

Moderate 3 

Low 1 
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5.1.3.   Application to the Guadalentin Basin 

Table 13 shows how the ranking system and weighting factors were applied to each technology and 

management system with respect to use in the Guadalentin Basin. The process of applying the QFD to 

the technologies can be seen in Table 52 in the appendix, this was used by the group to gather the 

relevant information for each technology. The highest scoring technologies are described in more detail 

in the following sections.  

 

Table 13 - QFD scores for all the technologies that were assessed for use in the Guadalentin Basin 

  Rank (1-5)   

 Technology 

 E
ff

ec
ti

v
en

es
s 

 R
is

k
 

 S
u

st
a
in

a
b

il
it

y
 

 C
o
st

 

 T
im

es
c
a
le

 

A
p

p
ro

p
ri

a
te

n
es

s 

 Q
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Salinization               

Sundrop farms 3 4 3 1 4 2 73 

Preventing Salinization 5 5 4 3 5 5 131 

Leaching 5 3 1 3 5 4 107 

Breeding saline resistant crops  4 1 5 2 3 5 108 

Halophtic crops 2 5 5 3 3 1 69 

Reverse Osmosis 5 3 2 1 2 3 92 

Erosion               

Cover crops 4 3 5 4 2 5 119 

Utilizing stable soil aggregates/ clods 4 4 5 4 3 2 96 

Roughening the land  1 2 2 3 5 2 53 

Levelling the land 4 2 2 2 2 5 101 

Fallow Band System 4 5 5 5 2 4 119 

Sand Fences 4 5 4 3 5 1 86 

Water management               

Great man-made river 5 2 2 1 2 1 71 

Gulley Structures 4 2 1 1 1 3 76 

Greywater 4  3  4  4  2  5  116 

Drainage 5 5 4 3 5 2 104 

Farming/ Land management               

Tillage along contour lines 4 3 5 2 3 5 114 
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Zero tillage 4 3 4 4 3 3 99 

Strip farming 4 2 5 3 3 5 114 

Drought resistant crops 2 5 3 4 2 2 74 

Plant trees for SWC 4 3 4 3 3 5 114 

Minimal tillage 4 4 4 3 3 3 99 

Carbon farming 5 5 5 5 5 5 140 

Holistic planned grazing  4 3   5 5 4 3  106 

Planting productive fodder 5 5 5 3 3 3 114 

Terracing 4 3 4 2 2 4 101 

Diguettes 4 3 5 5 5 5 125 

Demi Lunes 4 4 4 3 3 4 108 

Autonomous Week Killing 5 3 3 3 5 4 113 

Irrigation               

Drip Irrigation 4 4 3 3 5 5 116 

Surface irrigation 5 3 2 4 5 2 95 

Spinkler irrigation 4 3 2 3 5 3.5 96.5 

Pots 5  3  3  3  3 5 120 

Soil               

Mulching 4 4 5 5 2.5 5 125.5 

Intercropping 3 4 5 3 2 5 110 

Cropping systems 4 2 5 3 2 5 113 

Integrated fertility management  3 2 5 4 2 5 107 

Rotational grazing 5 5 3 3 5 2 101 

Liquid NanoClay 5 4 4 2 5 4 116 

Weather makers  4  2  2  1  2  2  71 

Planting Seeds               

Drone Planting 4 1 3 2 5 3 86 

Seed bombing 3 3 2 2 4 3 79 

Waterboxx 5 5 4 2 4 4 124 

Growboxx  5  5  3  2  4  4  115 

Precision Seeding 4 5 3 4 5 4 113 
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5.2.   Most Applicable Technologies  

5.2.1.   Terrace Cultivation (MT) 

5.2.1.1.   Overview of the Process 

Terracing is a method of agriculture that involves growing crops on the hillside or mountainside. The 

intention is to maximise arable land, reduce soil erosion and increase water retention in the soil. Terraces 

are generally man-made ridges built as stairs up the side of the hill or mountain with outlets built into 

them for water the flow (Encyclopaedia Britannica, 1998). It is considered the artificial version on 

tillage along contour lines to be discussed in section 5.2.2, as the terraces are man-made, not 

geographical features as with contour lines. A terraced hill can be seen in Figure 10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Loess Plateau Watershed Rehabilitation Project in China successfully saw 90,500 ha of terraces 

installed over an 11-year period (Shaojun et al., 2004) This indicates terracing is an effective method 

of agriculture over large geographical distances as would be necessary in the Mediterranean Basin. 

 

5.2.1.2.   Estimated Costs of the System 

Wei et al. (2016) estimates the cost of installing a terrace, the estimates can be seen in Table 14. The 

cost of a terrace is dependent on the original terrain slop gradient (OTSG). 

Figure 10 - An example of terraced agriculture in Mu Cang Chai, Vietnam (Agrifarming, n.d.) 
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Table 14 - The estimated cost of terracing for varied original terrain slope gradients 

 Terracing Costs (Euro, €/ ha) 

OTSG (⁰ ) Mechanization Manpower Socioeconomic Total 

5 1056 338 281 1675 

10 1302 422 415 2139 

15 1549 507 549 2605 

20 1795 591 683 3069 

25 2041 676 817 3534 

 

 

5.2.1.3.   Compatibility within the Guadalentin Basin 

Modern intensive agricultural methods are sometimes incompatible with terraces as the width of the 

strips makes tillage impossible. Therefore, terracing would require more traditional methods of 

agriculture. This could in turn improve soil quality, as modern methods of agriculture have been proven 

to damage soil and deplete it of nutrients (Matson et al. 1997). 

The topography of the basin is ideally suited to terraced agriculture because of the number of slopes 

present. However, the implementation of a terraced agricultural system would still require careful 

planning to ensure its efficacy and ensure it avoids the aforementioned saturation potential. 

 

5.2.1.4.   Designing a Terrace 

The first step is to identify the classification of the terrace by its alignment, gradient, outlet, cross-

section and terrace spacing (Hussein et al., 2016) 

The alignment of a terrace can be parallel or non-parallel (Hussein et al., 2016). A parallel terrace is 

more suited to irregular topography and is therefore the ideal choice for the Guadalentin Basin. Figure 

1 in Section 5.1 shows the topography to slope and vary across the Basin (Haith and Loehr 1979). 

The gradient may be level or graded (Hussein et al., 2016). A graded terrace was decided upon for the 

Guadalentin Basin due to its ability to avoid excess saturation by allowing rainwater to flow 

(Encyclopaedia Britannica 1998). Hussein et al., (2016) states that a terrace slope of no less than 0.1% 

should be used in areas with permeable soils, such as the Guadalentin Basin, and therefore this will be 
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taken as the slope value for any terrace in the Basin. It is however beneficial to use a level terrace if the 

crops being grown is water intensive (DelVenado 2017). 

The outlet could be soil infiltration only, vegetated water ways, tile outlets or a combination of them 

(Hussein et al., 2016). It is the safety measure installed to ensure that saturation does not occur. To 

achieve this in the Guadalentin Basin an underground outlet will be used at the bottom of each terrace 

to allow water to be stored in a way that doesn’t not saturate the crops. The outlet depth, y, is given in 

Equation 13. This is designed to handle runoff from a 10-year 24 hour storm and Vu represents the 

design storm runoff. x is the terrace spacing, L is the length of terrace channel and Z is the cotangent of 

the side slope angle, which is usual cases is selected as between 5 and 10 (Hussein et al., 2016). 

 

𝑦 =  √
𝑉𝑢 ×𝑥

1000 ×𝑍
                                                                      (13) 

 

The cross section is decided from the slope of the land. A gently to moderate slope (<12%) means a 

broadbase terrace is most effective as seen in Figure 11a. A moderate slope (12%<slope>20%) means 

a steep backslope terrace is the most effective, as seen in Figure 11b. Finally, on steep land (<20%) a 

bench terrace is ideal, as seen in Figure 11c. (Hussein et al., 2016). This will mean that slopes within 

the Basin may require different types of terrace. If a terrace was installed between Alhama and the 1585 

peak north west of it, as seen in Figure 5 in Section 4.1, a broadbase terrace would be the most suitable 

as the slope of the area is approximately 8%, calculated by substituting the available data into Equation 

14. 

 

 

 

 

 

 

 

 

 

Figure 11 - The 3 types of terrace. a -Broadbase, b – Backslope & c – Bench (Hussein et al., 2016) 
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𝑆𝑙𝑜𝑝𝑒 (%) =  
𝑦2 − 𝑦1

𝑥2 − 𝑥1
 × 100 (14) 

 

A broadbase terrace requires 8 to 15m width to allow for sufficient mechanization of agriculture (FAO 

1988). If an 8m width is assumed for the Guadalentin Basin to maximise the benefits of terracing, then 

a vertical height of 0.63m is necessary. This is calculated using Equation 14. First the height required 

to create the 0.1% gradient on the terrace itself is calculated, this was found to be 0.01m. This can then 

be taken away from the total 8% slope of 0.64m. 

The final terrace design for the Alhama slope can be seen in Figure 12. This is not to be used in the 

project however gives an example of an application of terrace design theory. The use of terracing of on 

a different would require the design process to be followed anew. 

 

 

 

 

 

 

 

5.2.1.5.   Conclusion 

The terracing method of agriculture is an ideal way of maximising the amount of land available within 

a region but also of reducing erosion and increasing soil nutrient levels. However, the correct steps must 

be followed in the design process to ensure the terrace is fit for purpose.  

 

5.2.2.   Tillage along Contour Lines (FB) 

5.2.2.1.   Overview of the Process 

Tillage along contour lines is an agriculture and reforestation method that revolves around land 

management of sloped surfaces. The practice addresses the fact that such surfaces are highly susceptible 

to soil erosion and water runoff. As a result of this fact, farmers may struggle to achieve high yield 

efficiency on areas experiencing an elevation gradient (Encyclopedia Britannica, n.d.). 

Outlet depth, y 

0.63m 

8m 

Figure 12 - Terrace design for the Alhama slope 
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To minimise the soil erosion, as well as water and fertiliser runoff, the elevation contours are lined with 

barriers. The barriers can consists of earth constituents, such as rocks, or they may consist of plant 

species, such as grass (Food and Agriculture Organization, n.d.). Figure 13 provides an example of 

contour tillage achieved through the application of grass bunds in Chapecó, Brazil. 

 

 

 

 

 

 

 

 

The effectiveness of this technology is further highlighted in Figure 14. From the graphs, it is evident 

that there is a significant increase in soil moisture after the inclusion of contour cultivation. 

 

 

Figure 14 - Moisture penetration as a result of contour cultivation (Farahani et al., 2016) 

 

Figure 13 - Tillage along contour lines on a Brazilian slope (Food and Agriculture Organization, n.d.) 
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5.2.2.2.   Estimated Costs 

The following cost estimates are based on information provided by the United Nations Food and 

Agriculture Organization.  

Unless the planting of separate species is used, no extra disposable materials are used for the 

construction of contour barriers. Instead, the primary cost for the practice of tillage along contour lines 

is labour. Although it is dependent on a variety of factors, it is estimated that contour ridges require 

approximately 100 hours of labour per hectare. Therefore, this estimate will be used in subsequent 

calculations (Food and Agriculture Organization, n.d.).  

Due to the project in question is based in the Guadalentin Basin, the 2018 Spanish minimum wage is 

used. This is a wage of €4.95, which is based on the annual minimum wage of €10,304 and 40 hour 

working weeks (Expatica, 2018). The final estimated labour cost equals €495 per hectare. 

 

5.2.2.3.   Compatibility within the Guadalentin Basin 

The practice of tillage along contour lines is universally compatible. The compatibility is evident in the 

examples used on the FAOs webpage cited. The Figure 13 displays the method being used successfully 

in a wet forested area in Brazil, whereas Figure 15 displays depicts the method being applied in Malawi. 

Having an annual rainfall as low as 88.9 mm, this proves the technology is applicable in even the driest 

of areas (Trading Economics, 2019). It can also be seen that there is a significant elevation difference, 

indicating it is not bound to subtle slopes.  

 

Figure 15 - Tillage along contours in Mua, Malawi (Food and Agriculture Organization, n.d.) 
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5.2.2.4.   Designing Tillage along Contour Lines 

The initial step to designing the contour line barriers is to determine the areas slope. This will be done 

through remote sensing of the area. The maximum spacing in between barriers, i.e. the length of the 

slope, is dependent on the slope inclination. The values therefore are provided below in Table 15 

(Anonija et al., 2008).  

 

      Table 15 - Maximum slope length based on inclination 

 

 

 

 

 

 

 

 

 

Two example designs, Figures 16 and 17, have been created to visualise the contour embankment 

constructions in the Guadalentin Basin. The inclinations taken into consideration are 10 and 20 percent, 

as these will cover the middle range of the slopes. The embankments will be created from dug up dirt 

from the slopes. Due to the low amount of rainfall in the area, it will be assumed an embankment height 

of 0.5 m will be sufficient. If for any reason the area is to flood, possibly due to large amounts of rainfall 

or a fault in the irrigation systems, the ditch resulting from digging on the slopes will act to capture the 

water. This will allow the water to slowly saturate the ground, rather than letting it flood over and be 

wasted.  

 

 

 

 

Slope inclination 

(%) 

Maximum slope length 

(m) 

1 – 2 120 

3 – 5 90 

6 – 8 60 

9 – 12 40 

13 – 20 20 

21 – 25 10 

Figure 16 - Tillage along contour lines on a 10% slope inclination. Not to scale. 

3 m 

30 

0.5 m 



Reforestation and Reversing Desertification around the Mediterranean Group 2 

45 

 

 

 

 

 

 

5.2.2.5.   Conclusion 

Through simple and minor changes in the surface topography, such as the inclusion of stone 

embankments or grass bunds, the soil erosion and surface runoff rates of slopes can be reduced 

significantly. The practice is highly versatile, as is proven by the variety of environments and slopes it 

is applied to. 

 

5.2.3.   Cover Crops (PB) 

As mentioned above in Section 3.2.5 there are many causes of soil erosion be it by wind, rain, long 

period of droughts or by poor farming practises such as over-cultivation and overgrazing.  The main 

consequence from these is that the top soil becomes fragile and more particulate making it easier to be 

blown away or washed away from flash flood. This continuous washing of the top soil dramatically 

reduces the nutrients in the soil leaving the land barren an unusable hence degrading the land. To counter 

this there are many ways to do so. One way is to implement cover crops.  

Cover crops have been used since the ancient times to improve soil quality and the yield of crops. They 

are mainly grown to prevent erosion of the soil by covering the ground with vegetation and its roots 

holding the soil together. Cover crops protect the top soil from being eroded away as the top soil 

contains the most organic matter of any soil layers. There are many benefits associated with the use of 

cover crops. These include benefits to the soil health and the subsequent crop used on the land health, 

maintains a cleaner ground surface as well as ground water, prevents soil erosion, improves the soils 

physical and biological properties, acts as a weed suppressant and improves soil water availability. 

Some types of cover crops are even able to break into compacted soils which makes it easier for the 

following crop’s roots to be more fully developed when growing. The benefits of cover crops entirely 

depend on the species and the productivity of the planned crop to grow next as well as how long the 

cover crops are left to grow before the soil is prepared for the next crop to be planted. Before the cover 

crops fully mature, they are killed so that the dead vegetation can be incorporated into the soil increasing 

Figure 17 - Tillage along contour lines on a 20% slope inclination. Not to scale. 

4 m 

20 

0.5 m 
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the nutrients levels in the soil making it beneficial for agriculture as a more nutritious soil leads to a 

higher yield in crops. It was found out that grass like cover crops are more likely to increase soil organic 

matter than using legumes as cover crops (Sare.org, 2012). The benefits of cover crops are detailed in 

Figure 18, with Figure 19 showing how they hold the soil together. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18 - Shows the multiple benefits of cover crops (sare.org, 2012) 

Figure 19 – Diagrammatic explanation of how cover crops hold the soil together (Pleasant, 2009). 
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When selecting the type of cover crop to grow, farmers and other persons involved in the agriculture 

sector must ask themselves questions to decide which cover crop is the most appropriate for the area 

demographics (Sare.org, 2012). Some important questions to think about would be for the Guadalentin 

Basin are: 

 Is the main purpose of growing cover crops to add Nitrogen to the soil or to gather nutrients 

and prevent loss? 

 Is the soil very acidic and infertile with a very low availability of nutrients? 

 Does the soil have compaction problems? 

 Which species is best suitable in the climate of the area? 

 Is the plan to use the cover crops as a mulch or to incorporate it into the soil at a later date? 

There is a large variety of plants that can be used as cover crops. Legumes and cereals are used 

extensively due to their low cost and fast results. Legume crops are a very good choice as a cover crop 

due to their ability to fix the Nitrogen balance by the bacteria taking Nitrogen from the atmosphere and 

putting it in the soil. Legumes also have other added benefits including attracting beneficial insects 

either to pollinate or to reduce pests, help control soil erosion and adding organic matter back into soils. 

The most common grass type cover crops include rye, wheat, barley and oats. Non-legume cover crops 

are very useful by acting as a scavenging nutrient namely Nitrogen that has been left over by previous 

crops that have been grown. These grass type cover crops have extensive root systems which can 

develop quickly and penetrate the soil further than other cover crops. This reduces the soil erosion due 

to the roots holding the soil together. Furthermore, grass cover crops can produce large amounts of 

biomass residue meaning it can help the organic matter in the soil greatly. These cover crops can also 

help supress weed growth (Sare.org, 2012). 

An example of a grass cover crop is Buckwheat. This is a summer annual crop and is easily killed in 

frost. However, it grows best in low fertility soils which gives is a advantage to other cover crops that 

are taken into consideration. With buckwheat, its growth rate is extremely fast and completes its life 

cycle quickly with only taking approximately 6 weeks from a seed to the flowering stage. Buckwheat 

can grow up to 2 feet tall within 1 month of planting. Due to its fast growth rate, it competes with weeds 

hence supressing weed growth. There have also been observations where buckwheat has supressed 

numerous root pathogens. In addition, it is possible to grow more than one crop of buckwheat per year 

in multiple regions (Sare.org, 2012).  
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5.2.4.   Fallow Band System (MT) 

5.2.4.1.   Introduction  

Wind erosion can be a major contributory cause in land degradation and desertification. The wind 

transports fine, solid particles such as clay and silt as dust that erodes the land it interacts with. It occurs 

naturally in arid areas because of the soil texture, but it can be exacerbated by poor agricultural 

management systems that leave soil exposed to the wind, as discussed in Section 2.3.5.  

The problem is particularly severe in the Saharan desert but it is also present in Spanish agricultural 

fields, where a desire to maximise yield has created an intensive agricultural system that has stripped 

away the natural protections (García-Ruiz 2010). 

The erosion incurred on the soil because of the wind can be reduced by minimising the wind erosion 

forces on the susceptible soil particles (Tibke 1988). The inclusion of a windbreak can help to reduce 

this force as well as decrease the number of particles being transported. It was this principle that led the 

people of Sahel, West Africa, to design the Fallow Band System (Ikazaki et al. 2011). 

 

5.2.4.2.   How the System Works 

The Fallow Band System is a shifting herbaceous windbreak, as seen in Figure 1. The band is 5m wide, 

runs the vertical length of the field and is arranged perpendicular to the erosive wind in the area, which 

is eastwards in the case of Sahel (Ikazaki et al. 2011). In the case of the Guadalentin Basin this would 

need to be reversed to a resist a primarily West-North-West erosive wind (Meteoblue 2018). The band 

is created by missing the usual rainy season seeding and weeding in the area intended to form the band. 

They then need to be maintained in the dry season. A new fallow band is created towards the windward 

direction in the next rainy season and this is continued in each of the following rainy seasons, with the 

band moving towards to wind, as seen in Figure 20 (Ikazaki et al. 2011). 

 

Figure 20 - The Fallow Band System used in Sahel, West Africa (Ikazaki et al., 2011) 
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5.2.4.3.   Effectiveness of the System 

The system has demonstrated its effectiveness in Sahel. It is reported that in fallow band agricultural 

fields 74% of wind-blown particulates and 58% of wind-blown organic matter have been captured. 

Shifting the Fallow Band during each rainy season has been proved to improve soil nutrient levels due 

to the decomposition of trapped particulates and organic matter (Ikazaki et al. 2011). It has also been 

proved that shifting the band inhibits rainwater infiltration due to the formation of a thin layer of 

particulates (Hoogmoed and Stroosnijder 1984). This is evidence that the use of a Fallow Band is 

beneficial to agricultural yield and has therefore been selected for use in the Guadalentin Basin. This is 

particularly pertinent in the Guadalentin Basin as erosion and soil hydration are key issues in its 

desertification. 

 

5.2.4.4.   Timescale and Risk of Implementation 

The benefits of the system are clear from the documented evidence and this is combined with the 

negligible risk and relatively short timescale. The system can be implemented for use in the successive 

season.  

 

5.2.4.5.   Estimates Costs of the System 

The system has been implemented by farmers in Sahel with no fixed initial costs except for the 

information delivery, the upkeep is also taken care of for no additional cost. The primary loss in revenue 

resulting from the system is the loss in agricultural land used as the fallow bands. In the Guadalentin 

Basin 9024 ha would be lost because of the fallow bands. If the plot size used in Sahel is repeated in 

Guadalentin, it can be assumed that €180,480 would be lost in revenue in lost revenue, as wheat, the 

most common crop, sells for €20 per ha (Purdy and Langemeier 2018). The estimate of the profit from 

wheat fluctuates between countries, however a value in the middle of the spectrum was taken for 

accuracy. Spain currently loses €6.25 per ha of land suffering from erosion, leading to a potential loss 

in revenues of €845,625 in the Guadalentin Basin (Panagos et al. 2018). If the system were considered 

74% effective, as shown in Ikazaki et al. (2011), the potential savings in the Guadalentin Basin are 

€625,763. This means that the Guadalentin Basin would be making an estimated profit of €445,283 

yearly if the system were correctly implemented. 

 

5.2.4.6.   Potential Issues 

The issues surrounding the fallow band system is that it has only been implemented in Sahel, and 

although both suffer from erosion the texture of the soil is slightly different. However, the same 

herbaceous band would grow in Guadalentin and it is therefore theorised that with correct maintenance 
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it will produce the same results. The secondary concern is that it has currently only been tested on wind 

erosion and not water erosion, which is a problem in the Guadalentin Basin. Again, it is theorised that 

the barrier provided by the band will reduce water erosion as it will prevent the flow of water across a 

field that would be unprotected otherwise. It is therefore concluded that the Fallow Band system is the 

most effective way of reducing the erosion of agricultural fields in the Guadalentin Basin. 

 

5.2.5.   Carbon Farming Practices (NL) 

Carbon farming is a form of agricultural practice with the overall aim of reducing greenhouse gas 

emissions or sequester carbon in agricultural landscapes. Such practices can include grazing 

management, no till cropping which are explained below in greater detail and mulching which is 

explained in Section 5.2.8 (Kragt et al. 2014). Restoring the soil’s biological life through carbon farming 

not only sequesters carbon into the soil but it also helps water purification, increases food production 

and biomass productivity, reduces energy and fertiliser requirements along with many other benefits. A 

study of the carbon management practices in the United States (US) found that soils in the continental 

US could soak up 330 million tonnes of carbon each year while improving food production by 12% 

(Bates 2010). 

The Australian government introduced the carbon farming initiative and apply financial payments to 

incentivise farmers to adopt the carbon farming management practices. The initiative allowed farmers 

to earn carbon credits by reducing greenhouse gas emissions or by storing carbon. Using financial 

incentives within the Mediterranean regions could help farmers to adopt carbon farming practices which 

will help with the reversing of desertification (Kragt et al. 2014). 

A survey was undertaken in Australia asking farmers to rate their experience using carbon farming 

practices and from the survey 70% of the farmers mentioned increased yield and productivity of the 

land as one of the benefits of carbon farming as well as 80% finding improvements in the soil conditions, 

environmental conditions and vegetation conditions (Kragt et al. 2014). 

 

5.2.6.   Grazing Management (NL) 

As mentioned in Section 3.2.3, one of the main causes of desertification is overgrazing, this is often 

because the farmer allows the animals to graze an area for an extended period of time rather than a 

rotational grazing plan that prevents the animals from overgrazing. From the Inception report, holistic 

planned grazing is an idea outlined by Allan Savory where he suggests that by managing the movement 

and grazing of a large number of animals, this would allow animals to graze an area and in turn trample 

litter and excrement into the soil which will improve the quality of the soil and its water retention 

abilities hence reversing the effects of desertification (MDDP Group 2, 2018). 
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However, some of the critics of this method argue that it is based primarily on anecdote and selective 

examples and are not supported by scientific evidence of systematic or experimental nature. The critics 

still agree that holistic grazing is still a good example of grazing management and could still be used 

but they do not believe anything suggests that it is better than other well-managed grazing methods 

(Nordborg 2016). Nonetheless, an improved grazing plan will definitely help land and animal owners 

in the Mediterranean improve their land use efficiency and prevent overgrazing of areas. 

Holistic planned grazing differs from rotational grazing because recovery periods are planned rather 

than grazing periods. It is divided into two parts: the ‘growing’ or green season where an open plan 

would be created and the non-growing season where a closed plan would be created. Each plan will 

depend on the farmer’s resources and will be specific for each farmer. 

The main idea involves maximum density for minimum time so by allowing a large number of animals 

to bunch together, it improves the effectiveness of trampling down plant material to cover the soil 

allowing soil and water to enter, and new plants can grow. If the animals are left in a place for an 

extended period of time or if they are returned to graze too soon then this results in overgrazing. By 

planning the recovery times before planning the grazing times of herds will help to prevent this (Savory 

2015). To succeed in holistic planned grazing, ensuring there is only one herd provides the best graze-

to-plant recovery ratio as the aim of this method is to have shorter grazing periods and longer recovery 

periods. More herds result in a decrease of plant growing time (Savory 2015). 

To gain control over livestock movements, livestock managers subdivide their land into grazing 

divisions known as paddocks. The grazing plans created will help livestock managers decide how long 

the animals will stay together in one place and then where and when the animals will move next before 

coming back again (Savory 2015). 

The best approach that livestock managers should take would be to create two plans, one for the growing 

season before main growth starts in the aim to grow the maximum amount of forage possible so that 

the animals have enough to eat, and one for the non-growing season once grasses stop growing to ration 

out the forage over the coming months before the next growing season begins. Plotting this all on a 

chart will ensure the plans are easy to understand and monitor (Savory 2015). 

There are few initial costs for employing holistic planned grazing techniques such as the cost of fencing 

and water installation. The fencing is used to create the paddocks which will need to be supplied with 

water to provide the animals with water. As well as time and labour, these are the only costs involved. 

However, once the holistic planned grazing is in place the stocking rate will increase and which will 

start paying out the installation costs (Adams 2017). The stocking rate refers to the actual number of 

stock per unit area at a particular time (Queensland Government 2016). A case study in Texas also 

found a cost reduction of 44% from using holistic planned grazing in comparison to a conventional set-
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stock grazing program. In addition to this, they found it took about 3 years for the operation to see soil 

benefits (Adams 2017). 

 

5.2.7.   Tillage (NL) 

Tillage is defined by the Oxford dictionary as “the preparation of land for growing crops” (Oxford 

Dictionary n.d.). The most common type of tillage is conventional-till where all the soil surface is 

disturbed and performed prior to and/or during planting. It generally involves ploughing so that less 

than 15% of the previous crop’s residue is remaining (Conservation Technology Information Centre 

n.d.). 

Minimum tillage can be achieved by affecting the topsoil to a depth only useful for seedbed preparation 

through machinery.  

Zero tillage or no-tillage is included within the carbon farming practices and is where the soil is 

undisturbed and 100% of the previous crop’s residue is left. It relies on natural processes to break down 

residue from the previous crop in comparison to conventional tillage where a plough flips over the top 

layer of soil and incorporating the majority of residue into the soil. Some of the main advantages of 

zero tillage include the reduced fuel, labour and equipment costs and energy savings can reach 70% 

compared to traditional tillage. 

The choice of conventional, minimum or  zero tillage is a controversial aspect of agricultural research 

with a lot of it depending on the soil texture, crop type, long period tillage plan, structural stability of 

the soil, rainfall regime, and all other variables and their interaction (Perniola et al. 2015). 

If it is assumed that ploughing one hectare of land takes approximately one hour of time using around 

3.5 gallons of diesel (Downs and Hansen n.d.), then at the current costs of diesel and minimum wage in 

Spain, this would result in savings of around 20 euros per hour per hectare for using zero tillage instead 

of conventional tillage. For an average sized farm in Spain of 22 hectares, this is a saving of just under 

450 euros per year. 

 

5.2.8.   Mulching (PB) 

5.2.8.1.   Organic 

As mentioned above in Section 3.2.5, the most prominent cause of desertification is soil erosion. The 

effects of soil erosion is that the top layer of soil, top soil, is carried away by either the wind or water. 

The top soil is the layer that has the most nutrients which are vital for plant growth. When washed away, 

the sub soil layers are exposed and lack in essential nutrients for vegetation to grow. This leads to the 

land area being infertile and degraded. One way to tackle this is by mulching 
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Mulch can be a variety of materials from organic to inorganic to either restrict moisture loss through 

the soil or to improve the nutrients in the soil making it easier for plants to be grown. Organic mulches 

can be used. These include grass clippings, straw, coffee grounds, husks of vegetables or fruits, corn 

cobs, waste organic materials from harvesting and manure. These organic material will decompose into 

humus which improves the fertility of the soil, the texture and structure of the soil. It will also encourage 

earthworms to aerate the soil which provides protection from soil contaminants and regulating the soil 

temperature so essential bacteria can grow to provide additional fertility. Mulches can be implemented 

in both the summer and winter months. When applied in summer, it encourages plant growth while 

supressing weed growth. Prior to frost in winter, mulches act as a protection barrier saving the perennial 

roots from soil freezing and thawing meaning the root systems can be established before the soil freezes. 

Organic mulches, when decomposed stays loose instead of being hard packed allowing more soil 

surface where shallow rooted crops can be grown in. Mulches helps keep the soil moisture by slowing 

down the evaporation process. They can also soften the impact of heavy rain fall onto soil which reduces 

compaction, erosion and nutrient leaching (Vita Gardens, 2015). 

 

5.2.8.2.   Inorganic 

In addition, inorganic materials can be used as a mulch. These include but are not limited to gravel, 

pebbles and plastic landscape fabrics. The most common of which is the use of plastics. There are 

several advantages of using Plastic films. One advantage is that the film does not allow moisture to 

escape from the soil. Water that does evaporates hit the underside of the film, condenses and then falls 

back into the ground. This makes plastic film mulches efficient and extremely helpful in areas that have 

a water scarcity such as the Guadalentin Basin. Savings in water is varies from 20 – 75%. Areas that 

are drier save more water (User, 2017). 

Water has the tendency of going further into the soil (a leaching property) whereas roots are limited 

with the depth it can go. When fertiliser is dissolved in the water, due to the leaching property, there is 

a loss of the fertiliser there is now significantly less available in the soil. By using plastic mulch 

combined with drip irrigation, the dissolved fertiliser is limited in the depth in can go to. This method 

also allows for timely and evenly distribution of nutrients to the plants which helps the plants grow 

quicker and healthier leading to an increase in crop yields (User, 2017). 

Plastic mulches can also reduce soil compaction. It does this by preventing the crusting effect from rain 

and sunlight. The soil underneath ends up staying loose and well aerated promoting microbial activity 

in the soil. This reduction in soil compaction mean that erosion by run-off is reduced meaning the most 

nutrient dense top soil is still intact. This is advantageous to areas that are susceptible to run-offs such 

as the dry areas of the Mediterranean. Similarly to the organic mulches, the plastic mulch can alter the 

soil temperature. The mulch applied dot the soil intercepts sunlight which warms up the soil and 
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promotes earlier growth in the growing season. White mulch can be used to reflect back sunlight, 

cooling the soil temperature. This is done so that plants that require cooler soil within summer can be 

planted (User, 2017). 

 

5.2.9.   Leaching (GS) 

5.2.9.1.    Description  

It is estimated that 25% of all crops in the Mediterranean are impacted by salinization. Thus its 

prevention is necessary to combat land degradation and increase carbon sequestration (Alcon et al., 

2012) 

Irrigation water may contain a substantial amount of salt. This salt must be leached out of the soil after 

irrigation has taken place (University of California, 1990). Thus, leaching is done after the crops have 

been harvested. Irrigation salts are not certain to be carried away by drain water. In order to control the 

salinity profile of the soil excess low salt irrigation water can be applied to the crop in excess of its 

requirements. Drainage systems can also be installed to remove the excess water preventing the water 

table from rising any higher.  

The total volume required to maintain a favourable root zone salinity depends on the composition of 

the water, and the total concentration of salt needed to be removed. The ratio of applied irrigation water 

salinity to the drain water salinity is known as the leaching fraction (LF).  

 

5.2.9.2.   Requirements for Leaching 

As can be seen from Figure 21 as well as a drip irrigation system being required, a below ground 

drainage system may be required as not to contaminate the regional groundwater. However this is case 

dependant. 
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5.2.9.3.   Application in the Guadalentin Basin 

Currently the irrigation water within the basin is, in general, moderately acceptable based on the arid 

environment that it is situated in. The surface water however was of lower quality. Salinity increases 

descending through the basin with the lowest quality of both ground water and surface water occurring 

at the lowest altitude.   

As well as this within the Guadalentin Basin overexploitation of the aquifers has led to a widespread 

loss in quality of irrigation water that increases into valleys (Alcon et al., 2012). A continual use of the 

aquifers will lead to an even larger drop in quality and exacerbate the risk of reducing the yield of the 

crops even further due to salinization, soil compaction and undesirable toxins.  

It is proposed the drip irrigation (Section 5.2.12.2) to be installed within the basin and could be used to 

supply the water needed in the areas considered.  

The drainage system will have to be evaluated by a pilot study on the target areas due to there being a 

gap in data on what drainage systems have already been installed in the GB.  

 

Figure 21 - The process of leaching (University of California, 1990) 
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5.2.10. Liquid NanoClay (FB) 

5.2.10.1.   Introduction 

Another method in which the soil fertility will be improved is through the introduction of Liquid 

NanoClay, or LNC. Developed by Desert Control®, this novel enrichment technique saturates the soil 

with a water/clay nanoparticles mixture that increases the area’s ability to hold onto nutrients and water. 

This works due to the correlation between clay content and fertility of soil. Common mixing and 

irrigation methods can be used (Desert Control, n.d.). The treatment reaches a soil depth of up to 60 cm 

(Wade, 2015). Figure 22 provides a simple overview. 

 

 

 

 

 

 

 

 

 

A significant reason for using this is its effectiveness. Desert Control performed tests on previously 

untreated bands of Egyptian desert to determine the success of the new technology. It was found that, 

despite using half the amount of irrigation water, the LNC treated area experienced a yield four times 

larger than that of the untreated band (Wade, 2015). Further successful tests were conducted in Pakistan, 

Egypt and China. Figure 23 provides an image of Liquid NanoClay’s effectiveness (Desert Control, 

n.d.). Due to this success in a variety of desertified areas, including the Mediterranean country of Egypt, 

this technology proves perfect for the Mediterranean Basin. By improving the soil quality in the 

reforestation area in question, the volume of water necessary can be halved. This dramatic reduction 

will result a cut in costs as smaller pumping and filtration equipment needed. 

 

Figure 22 - Liquid NanoClay mixing, application and intended result (Desert Control, n.d.) 
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Figure 23 - Land in Pakistan before and a year after being treated with LNC (Geekextreme.com, 

2018) 

 

Another reason for using Liquid NanoClay is its timescale. Implementation of the treatment takes a 

matter of hours, compared to other techniques which can take up to 15 years, making this aspect of the 

project’s timescale effectively negligible (Wade, 2015).  

 

5.2.10.2.   Treatment Cost 

The following section breaks down and explores the cost of applying the Liquid NanoClay to the soil. 

Types of costs examined will include financial cost in terms of euros, resource costs in terms of litres 

of water and kilos of clay, and the CO2 costs of producing the clay in terms of tonnes.  

 

5.2.10.3.   Cost in Euros 

The monetary cost per hectare, Chectare is estimated at $4800 USD (Wade, 2015). At the exchange rate 

on 3 January 2019, this equates to €4230 per hectare (Xe.com, 2019). The financial cost C of improving 

the soil quality of the area A in hectares being treated for the reforestation project is given by Equation 

15 below: 

 

𝐶𝑡𝑜𝑡𝑎𝑙 = 𝐶ℎ𝑒𝑐𝑡𝑎𝑟𝑒 ∗ 𝐴ℎ𝑒𝑐𝑡𝑎𝑟𝑒𝑠 =
€4230

ℎ𝑒𝑐𝑡𝑎𝑟𝑒
∗  𝐴ℎ𝑒𝑐𝑡𝑎𝑟𝑒𝑠  = €1359 𝐴                        (15)  

 

5.2.10.3.   Resource Costs 

5.2.10.3.1 Water Costs 

Besides monetary cost, there is also a water cost for the LNC treatment. For every square metre, 40 L 

of water is needed. Equations 16 and 17 provides calculations for the total amount of water Wtotal needed, 

where one hectare equals 10 000 square metres (Metric-conversions.org, n.d.). 
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𝐴𝑚𝑒𝑡𝑟𝑒𝑠2 = 𝐴ℎ𝑒𝑐𝑡𝑎𝑟𝑒𝑠 ∗
10 000𝑚𝑒𝑡𝑟𝑒𝑠2

hectare
= 10 000 𝐴 (16) 

 

𝑊𝑡𝑜𝑡𝑎𝑙 = 𝐴𝑚𝑒𝑡𝑟𝑒𝑠2 ∗
40 L

x2
= 400 000 𝐴 L (17) 

 

5.2.10.3.2.   Clay Costs 

The other component of LNC, clay, is required at a ratio of 1 kg of clay for every 40 L of water (Wade, 

2015). The total amount of clay Claytotal is therefore given by Equation 18. 

 

𝐶𝑙𝑎𝑦
𝑡𝑜𝑡𝑎𝑙

= 𝑊𝑡𝑜𝑡𝑎𝑙 ∗
1 kg

40 L
= 400 000 L ∗

1 kg

40 L
= 10 000 𝐴 kg = 𝟏𝟎 𝑨 𝐭𝐨𝐧𝐧𝐞𝐬 (18) 

 

5.2.10.3.3.   Cost in Tonnes of Carbon Dioxide 

Due to the novelty of the technology, no public data is available for the carbon dioxide (CO2) emissions 

for this particular NanoClay, nor is there any information specifying the type of NanoClay. 

Nevertheless, there are estimates for NanoClays in general. These estimates will be used, as it is the 

closest representation available.  

The type of NanoClay analysed is organically modified montmorillonite, or OMMT, as this is become 

increasingly common. The type of Life Cycle Assessment, or LCA, considered is that of cradle-to-

factory-gate. In other words, from the mining of crude clay up until when the NanoClay is available for 

use (Joshi, 2008). Figure 24 provides a simplified flow diagram of the production process. 
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Figure 24 - Production process of OMMT NanoClay 

 

Figure 24 highlights the fact that there are a variety of processes that take place in the production of 

NanoClays and also need to be taken into consideration when calculating CO2 emissions. Other 

greenhouse gases, methane and nitrous oxide, are also produced. In the context of climate change 

potential, such gases can be expressed in terms of a CO2 equivalent (Joshi, 2008). A breakdown of these 

emissions is provided in Table 16. Of the total emissions, the principal value is that of the CO2 

equivalence, written as CO2 eq.  

 

Table 16 - Greenhouse gas emissions due to the production of OMMT NanoClays (Joshi, 2008) 

Inputs or 

Emissions 

Crude 

clay 

mining 

Ammonia 

production 

Quatemary-

ammonium 

salt 

production 

Clay 

processing 

and 

modification 

Iso-

butylene 

production 

Total 

kg per kg 

of 

NanoClay 

1.483 0.080 0.350 1.000 0.270 - 

CO2 (g) 118.88 46.61 258.65 764.01 135.00 1323.151 

Methane 

(g) 
0.510 0.217 0.879 3.118 0.000 4.724 

N2O (g) 0.001 0.001 0.003 0.008 0.000 0.013 



Reforestation and Reversing Desertification around the Mediterranean Group 2 

60 

 

CO2 eq (g) 131.022 51.757 279.696 838.219 135.00 1435.694 

 

For the reforestation project, the total CO2 equivalent output for the production of the LNC is given by 

Equation 19.  

 

𝐶𝑂2𝑒𝑞,𝑡𝑜𝑡𝑎𝑙 = 1.435694
kg CO2,𝑒𝑞

kg clay
∗ 10 000 𝐴 kg clay =  14,356.94 𝐴 kg CO2,𝑒𝑞

= 𝟏𝟒. 𝟑𝟔 𝐭𝐨𝐧𝐧𝐞𝐬 𝐀 𝐂𝐎𝟐,𝒆𝒒  

(19) 

 

The emissions for sourcing the water that is to be used will be discussed in Section 6.4.2.  

 

5.2.10.3.4.   Transportation 

As is the case with all products sourced from other areas, the Liquid NanoClay will need to be 

transported to the reforestation site. The water will be sourced from the irrigation supply, due to the 

large volume necessary and mixed on-site. This will significantly reduce the transportation costs. The 

manner in which this irrigation supply is obtained and stored will be discussed in Section 5.2.11.2. 

For the NanoClay, it is assumed it will be sourced from Oslo, Norway, the location of the technology’s 

company (Desert Control, n.d.). Lorries can have a capacity of 24 tonnes (ETS Logistika, n.d.). Using 

the value of 10 tonnes of NanoClay per hectare, this implies that 2.4 hectares worth of reforestation 

NanoClay can be transported in one lorry. A high mpg ratio for such a vehicle is 6.53 (Geotab, 2018). 

Also, 1 litre of burnt diesel emits 2.68 kg of CO2 (Davies, n.d.). Equations 20 can now be used to 

calculate the CO2 emitted from the lorry trips from Oslo to the water storage site, a distance d km. 

kg 𝐶𝑂2 =
𝐴 

2.4
hectares
trip  

∗
𝑑
km
trip

(6.53
mile
gallon

) ∗ (1.61
km
mile

) ∗ (0.22
gallon
L )

∗ 2.68
kg 𝐶𝑂2
L

 

 

 

(20) 

kg 𝐶𝑂2 = 0.483
𝐴

hectare
∗ 𝑑
kg CO2
L
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5.2.10.4.   Application to Other Sites 

For the application of the Liquid NanoClay technology to the other reforestation sites around the 

Mediterranean, the costs per hectare are given in Table 17 below. The values are based on Equations 

14 to 18, and divided by the area A of the reforestation area. 

 

Table 17 - Cost of LNC treatment per hectare 

Cost type Based on Equations Cost per hectare 

Monetary cost (euros) 15 1359.00 

Water cost (litres) 17 400,000 

Clay cost (tonnes) 18 10 

CO2 equivalent cost (tonnes) 19 14.36 

 

 

5.2.11.   Water Harvesting (FB) 

5.2.11.1.   Introduction 

Naturally, a vital part of this project is the sourcing of water. An effective method of combating 

desertification and to improve the soil quality is to supply additional freshwater to the area. Furthermore, 

all plants, regardless of species, will need water to survive. 

Due to the semi-arid to arid nature of the desertified areas, it can be assumed there is not sufficient 

rainfall to rely on this as a consistent water source. As saltwater is not an appropriate water type to be 

used for such applications, a freshwater source must be identified and developed further. It was found 

that greywater proved appropriate for the use in the Mediterranean Basin as a water source for land 

revival projects. 

To complement the water source used, a system must also be integrated to transfer the water to the 

appropriate location. The following section will give details with regards to the reasoning for the 

technologies and what transfer system will be incorporated.  

 



Reforestation and Reversing Desertification around the Mediterranean Group 2 

62 

 

5.2.11.2.   Greywater Sourcing 

5.2.11.2.1.   Justifications for Using Greywater 

As mentioned in the introduction, the water source that will be used for the irrigation methods is 

greywater. Greywater is defined by The Green Age as “the wastewater from baths, showers, washing 

machines, dishwashers and sinks” (TheGreenAge, n.d.). Justifications for the use of greywater are 

further discussed below. 

 

5.2.11.2.1.2.   Low Filtration Needs 

Blackwater, or sewage, contains faecal matter which assists bacterial growth. Greywater does not. This 

is the primary reason that this type of water requires far simpler water treatment methods in comparison 

to sewage. This is provided the water will be used for irrigation only, and not for drinking. More energy 

and chemicals are needed to reach a potable level of filtration (TheGreenAge, n.d.). 

 

5.2.11.2.1.3.   Availability 

It can be assumed that any household with basic plumbing produces greywater to a certain extent. 

Therefore, the availability of this type of water only excludes the most basic of structures – usually 

found in underdeveloped areas.  

Furthermore, the areas around the Mediterranean Sea are highly populated. As the availability of 

greywater is dependent on the population size, the Mediterranean Basin provides a large quantity of 

usable water. Figure 25 highlights this fact, as it provides a map of population densities in the area. It 

must be noted, however, that Libya may face difficulties with regards to the amount of water available. 
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It is estimated that up to 80% of a household’s water usage can be considered greywater (TheGreenAge, 

n.d.). To be able to make calculations and provide an impression of a greywater filter, the Guadalentin 

Basin will be used as an example. The same calculation methods can be used for other areas in the 

Mediterranean Basin. The average Spanish citizen uses 144 litres of water per day (Castillo et al., 2013). 

There are three main towns in the Guadalentin Basin, whose populations are tabulated in Table 18. 

These are Alhama, Totana and Lorca – as illustrated in Figure 5 earlier in Section 4.1. Therefore, by 

reviewing the average water usage of a Spanish citizen, as well as the total population of the Guadalentin 

Basin, water usage calculations for the case area can be made. This final calculation is expressed in 

Equation 21 using an assumption a greywater percentage of 80 – despite the possibility that not all 

households will be willing to contribute. The reasoning for using the highest percentage is that there 

will be a variety other sources available to contribute which are not included in the population. Such 

sources may include local shops, hotels and restaurants. These may all benefit from advertising their 

contribution to the local environment, and can therefore be considered likely to participate. 

 

 

 

 

Figure 25 - Population densities around the Mediterranean (Collège International des Sciences 

Territoriales, n.d.) 
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Table 18 - Population estimate of major Guadalentin towns (City Population, 2019) 

Town Population 

Alhama 21,657 

Totana 31,394 

Lorca 92,299 

Total 145,350 

 

 

Based on Equation 21, the total available greywater in the area is over 16.7 million litres a day. This 

value confirms that the amount of greywater available for filtration in the area is significant – providing 

a justification for the use of this technology.  

Furthermore, the use of greywater as a water source is far more versatile than the use of desalinisation. 

This is due to the fact that large processing plants using complex methods, such as reverse osmosis, are 

needed for desalinisation. On the contrary, greywater can be filtered through simple gravel filters. 

 

5.2.11.2.2.   Methods of Filtration 

There are numerous methods in which greywater can be filtered. For the case of the Guadalentin Basin, 

a low-tech filter comprising of stone, gravel and sand will be implemented. The following data is based 

on studies from the Georgian NGO RCDA, assisted by Hamburg University of Technology (WECF, 

2015).  

 

5.2.11.2.2.1.   Benefits of Gravel Filtration 

There are numerous benefits associated with filtering greywater through gravel filters, as discussed 

below. 

 Simplicity: The filters are inherently basic in design. They usually consist of a concrete 

foundation filled with a specific arrangement of stones and gravel. No extra technology is 

𝑇𝑜𝑡𝑎𝑙 𝑑𝑎𝑖𝑙𝑦 𝑔𝑟𝑒𝑦𝑤𝑎𝑡𝑒𝑟 = (𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛) ∗ (𝑤𝑎𝑡𝑒𝑟 𝑢𝑠𝑎𝑔𝑒) ∗ (0.8) 

(21)  

𝑇𝑜𝑡𝑎𝑙 𝑑𝑎𝑖𝑙𝑦 𝑔𝑟𝑒𝑦𝑤𝑎𝑡𝑒𝑟𝑔𝑢𝑎𝑑𝑎𝑙𝑒𝑛𝑡𝑖𝑛 = (145,350) ∗ (144 L) ∗ (0.8) = 16,744,320 L 
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needed. Additional reeds may be planted to optimise the filters (Vråle, Jenssen and Lindholm, 

2002). 

 Carbon sequestration: By including reeds in the filters, an additional amount of carbon can 

be sequestered. 

 Low-cost: As will be discussed further in Section 5.2.11.2.3, the filters are highly cost effective 

(WECF, 2015). 

  No chemicals: Due to stones, gravel and sand being the constituents of the filter, no chemicals 

are needed for the filtration process (WECF, 2015). 

 Low energy requirements: With the water passing through the filter naturally, little energy 

for the filtration process itself is needed.  

 

5.2.11.2.3.   Filter Design 

The following section will discuss the design of the filter that is to be used in the Guadalentin Basin. It 

will be based on the “Greywater Treatment in Sand and Gravel Filters” design manual provided by 

Women Engage for a Common Future, or WECF, in collaboration with the United Nations Environment 

Programme, or UNEP.  

 

5.2.11.2.3.1.   Orientation 

The initial design feature that is to be defined is the orientation of the filter. Greywater can either be 

filtered down vertical filters, or across horizontal filters. Further design specifications will be dependent 

on this orientation (WECF, 2015). 

 

Vertical Design 

Vertically oriented filters utilise gravity to pass the water down through the filter. These are the simplest 

of gravel filters. They also require the least amount of surface area – 1.25 m2 per 100 L per day. 

However, the filter size is limited to a surface area of 2 m2, which would provide a negligible amount 

of filtered water for the project.  

 

Horizontal Design 

Alternatively, horizontally oriented filters can be used. These are not limited to a certain surface area 

and therefore prove to be ideal for the scale of the project (WECF, 2015). Figure 26 depicts a domestic 

horizontal filter, prior to being planted with reeds, a process which will be discussed in Section 
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5.2.11.2.3.2. With area not being a limiting factor, the filter can be scaled up to filter greywater on an 

industrial scale. 

 

 

Figure 26 - Small-scale horizontal gravel filter (WECF, 2015) 

 

Nevertheless, there are a two main ratios that need to be retained to ensure maximum efficiency. One 

such ratio is length-to-width ratio. In order for the greywater to experience enough filtration before 

reaching the outlet piping, the length of the filter must be at least 1.5 times its width. Furthermore, ratios 

of the filter constituents, such as gravel and stones, must be retained (WECF, 2015).  

 

5.2.11.2.3.2.   Reeds 

Often, plants are planted in the topsoil of gravel filters to improve their sustainability and prevent 

clogging – which is the main reason the filters would otherwise need renewal every 10 years. As the 

WECF states that clogging is prevented, it can be assumed the filter will perform adequately for the 

scope of the project. No extra assistance is needed. However, it must be noted that plants do not increase 

the efficiency of the filter, but merely the lifespan (WECF, 2015). 

The type of plants incorporated tend to be reeds, commonly found in wetlands (WECF, 2015). Cattail 

(Typha latifolia) is one such species and is highly effective in the treatment of polluted waters. The reed 

only requires 90 days to reach maturity, providing a short timescale required (Grosshans et al., 2013).   

Furthermore, cattail is highly effective in the sequestration of carbon. One hectare of cattail is able to 

sequester 75 tonnes of CO2 per year (Grosshans et al., 2013). By implementing the growth of this reed 

in the large scale filter for the Guadalentin Basin, a significant amount of carbon dioxide will be 

sequestered. 
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5.2.11.3.   Storage 

There may be a period during which the irrigation flow rate will exceed the population’s greywater 

flowrate. To facilitate this, an irrigation reservoir will be built to provide a buffer between the greywater 

filter and the irrigation system. This will also ensure that the filtered water will have a place to be 

deposited if not being used as irrigation water – with special plumbing (discussed later in Section X) 

preventing overflowing.  

 

5.1.11.3.1.   General Design 

The type of reservoir will be a circular low-sloping reservoir. Similarly to the filter, it will be excavated 

and be lined with concrete. A paper on the economical design of water concrete tanks indicates that a 

thickness of 100 mm, or 0.1 m, is sufficient (Mohammed, 2011). Figure 27 below portrays a general 

design cross-section of the entry side for the reservoir. The entry pipe will be placed 0.65 m below 

ground level, as this the depth of the filter outlet. The slopes allow the machinery to easily be moved in 

and out of the basin. In all cases, the slope will be set at 30% and the depth at 3 m. This implies that the 

slope will have a horizontal length of 10 m. The variable value for the different reservoirs around the 

Mediterranean will be the radius of the interior (i.e. excluding the slope).  

 

  

  

 

 

 

 

 

 

 

When calculating radii needed, the slopes will be considered as extra volume to prevent overflow due 

to rainfall. Hence, if 90,000 m3 is needed, this will be the value set as the volume for the centre of the 

reservoir – excluding the slopes. Equation 22 for determining the centre radius rcentre based on water 

needs Vwater in litres is provided below.  

Irrigation 

Soil 

Filter 

outlet 0.65 

10 m 

3 m 

Figure 27 - Cross-section of entry side of reservoir. Note: not to scale. 
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𝑟𝑐𝑒𝑛𝑡𝑟𝑒 = √
𝑉𝑤𝑎𝑡𝑒𝑟
3 m ∗ 𝜋

 (22) 

 

The total radius rtotal can be calculated by adding 10 m to rcentre.  

To calculate the amount of concrete needed for the 0.1 m slab, the surface area of the base must first be 

calculated. 10 m is the horizontal length of the slope, but the surface area will be based on the actual 

length Lslope (i.e. the hypotenuse). This can be found using Pythagoras Theorem in Equation 23. This 

value can then be added to the radius of the centre concrete slab to determine the effective radius that 

is to be used for the concrete calculations in Equation 24. Plugging in Equation 22 results in volume of 

concrete as a function of Vwater, Equation 25. 

 

𝐿𝑠𝑙𝑜𝑝𝑒 = √10
2 + 32 = 10.44 m (23) 

𝑉𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 = (𝜋(𝑟𝑐𝑒𝑛𝑡𝑟𝑒 + 10.44 m)
2) ∗ 0.1 m (24) 

𝑉𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 = (𝜋(√
𝑉𝑤𝑎𝑡𝑒𝑟
3 m ∗ 𝜋

+ 10.44 m)

2

) ∗ 0.1 m 
(25) 

 

 

5.1.11.3.2.   Cost 

As is the case with the filter, determining the cost of a project without a professional quote is difficult. 

Therefore, an estimate from Cranfield University based on past projects is used. This sets the cost per 

m3, including materials, at €1.40 (Environment Agency, n.d.). The shape of the reservoir is an upside-

down truncated cone. The volume for the shape can be found using Equation 26 below (Keisan Online 

Calculator, n.d.). By plugging in the terms for rcentre and rtotal, the value of 3 m for h, and multiplying by 

the cost of €1.40, a final expression Equation 27 for cost of the reservoir in terms of water needs Vwater 

can be determined.  

 

𝑉𝑟𝑒𝑠𝑒𝑟𝑣𝑜𝑖𝑟 =
1

3
𝜋(𝑟𝑡𝑜𝑡𝑎𝑙

2 + 𝑟𝑡𝑜𝑡𝑎𝑙𝑟𝑐𝑒𝑛𝑡𝑟𝑒 + 𝑟𝑐𝑒𝑛𝑡𝑟𝑒
2 ) ∗ ℎ 

(26) 

Reservoir cost =

(

 
 
𝜋 m((√

𝑉𝑤𝑎𝑡𝑒𝑟
3 m ∗ 𝜋

+ 10)

2

+ (√
𝑉𝑤𝑎𝑡𝑒𝑟
3 m ∗ 𝜋

+ 10) ∗ (√
𝑉𝑤𝑎𝑡𝑒𝑟
3 m ∗ 𝜋

) +
𝑉𝑤𝑎𝑡𝑒𝑟
3 m ∗ 𝜋

)

)

 
 
∗
€1.40

m3
 

 

(27) 
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5.1.11.3.3.   Emissions 

Based values from Section 6.4.1.4.1. CO2 emission of the production of concrete is 2.4 tonnes/m3. 

Combining this value with Equation 25 provides the Equation 28 for the CO2 emissions for the water 

storage unit in terms of water needs Vwater.  

 

Reservoir CO2 =

(

 
 
(𝜋(√

𝑉𝑤𝑎𝑡𝑒𝑟
3 m ∗ 𝜋

+ 10.44 m)

2

) ∗ 0.1 m

)

 
 
∗ (2.4

tonnes

m3
) 

(28) 

 

  

5.1.11.3.4.    Timescale 

As is the case for the greywater filter, it must be assumed the reservoir will take three years to create. 

 

5.1.11.3.5.   Evaporation 

A factor that must be taken into consideration is the rate of evaporation – as well as the rainfall capture 

for the reservoir. The average annual evaporation rate in Spain is given as 0.21 mm per day, or 0.0767 

m per year (Sanchez-Lorenzo et al., 2014). Considering rainfall as well, Equation 29 provides an 

equation for the annual net volume of water gained in the reservoir Vgain,annual.  

 

𝑉𝑔𝑎𝑖𝑛,𝑎𝑛𝑛𝑢𝑎𝑙 = (𝑟𝑎𝑖𝑛𝑓𝑎𝑙𝑙 − 𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒) ∗ 𝑎𝑟𝑒𝑎 (29) 

 

  

5.1.11.3.6.   Exit 

The exit end of the reservoir will have piping extracting water from the bottom of the reservoir up and 

over the bank to the irrigation area, as seen in Figure 28.  
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5.2.12.   Irrigation (NL) 

Irrigating land is the process of supplying water to crops, making it easier for plants and crops to grow, 

which help to retain water and enrich the soil. Due to the low rainfall in regions around the 

Mediterranean, irrigation is essential in reversing desertification as it helps with agricultural crop 

growth and reducing the effects of inadequate rainfall. Therefore, the best forms of irrigation would be 

those with the most efficient use of water and preventing any losses of water as conservation of water 

is essential in the Mediterranean regions. Subsurface irrigation is being increasingly used where the 

water is applied below the earth’s surface which eliminates surface water evaporation and reduces the 

incidence of weeds and disease. Two of the main forms of subsurface irrigation are drip irrigation and 

buried clay pots as discussed in this section. 

 

5.2.12.1.   Buried Clay Pots (Pot Irrigation) 

5.2.12.1.1.   Introduction 

Many of the areas within the Mediterranean have issues with water scarcity, therefore, there is a 

necessity to conserve water as much as possible and ensure the most efficient use of it. Subsurface 

irrigation can help to conserve water by reducing evaporative water losses because the water is applied 

below the surface of the soil, buried clay pots are an example of a subsurface irrigation method. 

The clay pot is an unglazed indigenous earthen pot with many micropores in its wall. This prevents free 

water flow from the pot and guides water seepage from it in the direction where suction develops. The 

pots are buried neck deep into the ground so the top of the pots can still be seen, they are filled with 

water and crops are planted adjacent to it. The suction force from the plant roots to attract water 

molecules allows water to slowly seep through the micropores of the wall and provide the plants with 

water (Daka n.d.). Only when the plants need water will it be pulled from the clay pots and this ensures 

Irrigation water 

Soil 

Reservoir outlet 

 

Figure 28 - Reservoir outlet end. Note: not to scale. 
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that the plants are never over or under watered. The rate of water flow seeping out of a pot can be 

affected by the pot wall thickness, the hydraulic conductivity of the pot wall, soil type, crop type and 

the rate of evapotranspiration among other factors and this therefore affects the number of plants that 

can potentially be irrigated by the pot (Mohammed 2011). 

 

5.2.12.1.2.   Effectiveness of the System 

These buried clay pots have been shown to be more efficient in its water efficiency in comparison to 

other irrigation methods. Table 19 shows the comparison of corn yield between different irrigation 

systems (Bainbridge 2012).  

 

Table 19 - Comparison of corn yield between different irrigation systems 

Method Corn yield (kg/m3 water) 

Basin 0.7 

Sprinkler 0.9 

Drip 1.4 

Buried Clay Pots Up to 7 

 

Besides the water saving abilities and water use efficiency of these pots, other advantages include the 

reduced likeliness that the pots will get clogged, and they are made with locally available materials and 

skills, which also generates more jobs for the local people. The precise water application minimises 

weed growth around the pots and therefore reduces the amount of time and labour farmers spend on 

weeding. A study in India found that the dry weight of weeds was 465 kg ha-1 using basin irrigation 

compared to the 62 kg ha-1 for buried clay pots (Bainbridge 2012). Another advantage of using buried 

clay pots is that it creates employment for small-scale home industries to manufacture the clay pots in 

rural areas as they are often made by rural women. 

There are few disadvantages in this irrigation method, however the care of the pots is very important as 

they are susceptible to breaking, they can also become breeding places for mosquitos and other insects 

if they are not covered properly (Corps 1978). This irrigation method can also be difficult to use in 

rocky soils and it is only applicable to small scale agriculture due to the large amount of pots in a small 

area (Organisation of American States n.d.). Another drawback of this irrigation method are the costs 

and energy to manufacture the clay pots and the time taken to install them, however a study in India 

found that 800 pots per hectare provided a substantial net profit even after paying for the clay pots 
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(Bainbridge 2012). The replacement of the pots are required every 3-5 years and may need to be 

replaced earlier should the pots break which could be due to the ground freezing (Organisation of 

American States n.d.). 

Filling up the buried clay pots will depend on factors such as the plants water needs, soil type, time of 

year and the environment and will determine how frequently the pots need to be filled up and can vary 

between every day and every week. Water should be added to a buried clay pot if the water level falls 

below 50% to prevent a built up of salt residues along surfaces of the buried clay pot that may also 

prevent the desired seepage (Bayuk 2010). 

The amount of buried clay pots used per hectare will depend on the type of crop that will be used and 

the size of the clay pots. As mentioned in the crop types section, due to the specific water requirements 

to prevent the vegetables from being over or under watered, buried clay pots can work well with 

vegetables such as melons, beans, tomatoes and cucumbers. Larger size clay pots between 5 litres and 

7 litres are better to use due to their higher crop yield and water use efficiency. From this information, 

around 2000-2500 clay pots would be required for 1 hectare.  

 

5.2.12.1.3.   Costs 

When produced locally in rural locations, clay pots with a capacity of 5 litres costs approximately 0.22 

euros (Bayuk 2010). For a 1 hectare plot, the cost of installing 2500 clay pots would cost approximately 

550 euros not including labour costs.  

A study in Kenya found the yield of tomatoes was just under 50% better using buried clay pots in 

comparison with furrow irrigation while also proving to be 91% more efficient in terms of applied 

water. The yield for tomatoes using pot irrigation was 12.5 tonnes per hectare (Bogoria et al. 2013). 

With prices of tomatoes in the UK of around 1.5 euros per kilogram of tomatoes, the revenue would be 

approximately 18750 euros per hectare (Gov.uk, 2018). 

 

5.2.12.1.4.   Manufacture of the Clay Pots 

A study undertaken in Iraq discusses the effect of the pot volume on the performance of the pot irrigation 

system. Two pots were examined in the study, a large pot (L) and a small pot (S), the dimensions of 

each pot can be shown in Table 20. 
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Table 20 - Dimensions of clay pot sizes 

Clay Pot 

Class 

Upper end 

diameter (mm) 

Lower end 

diameter (mm) 

Height (mm) Surface area 

(mm2) 

Volume (mL) 

L 260 140 297 189,400 7841 

S 172 111 172 77,900 2023 

 

 

The study analysed a variety of different parameters including crop yield, crop water requirements and 

water use efficiency for three different crops: beans, tomatoes and cucumber. Crop water requirements 

can be defined as the water consumption and water use efficiency can be defined as the ratio between 

crop production and water use both during the period from planting to harvest. The results of the study 

showed a much higher crop yield for larger pots than smaller pots for all of the crops, there is a higher 

water requirement for the larger pots as well, however, the water use efficiency is greater for larger pots 

so the crops require less water to produce a higher crop yield per unit applied water. Larger pots had a 

larger surface wetting edge at an approximate maximum value of 220 mm which is estimated to be 

reached in 7.5 days. The surface wetting edge can be defined as the distance between the edge of the 

pot and the end of the wetting area that surround the pot, this can be affected by soil texture and seepage 

through the pot (Mohammed 2011). 

Hydraulic conductivity is defined as a measure of the ease with which water can pass through a porous 

medium (dwa.gov n.d.) so a clay pot with a higher hydraulic conductivity results in a more permeable 

pot. Table 21 shows the composition of the clay pots and the result of the hydraulic conductivity. A pot 

will be difficult to form with a clay percentage less than 50% (Setiawan 1998). 

 

Table 21 - Composition of clay pots and the associated hydraulic conductivity value 

Composition (% Weight) Hydraulic Conductivity 

(cm day-1) 
Clay Sand Saw ash 

55.0 22.5 22.5 0.75859 

65.0 17.5 17.5 0.32227 

75.0 12.5 12.5 0.18144 

85.0 7.5 7.5 0.06420 
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95.0 2.5 2.5 0.00746 

 

There are some carbon emissions from manufacturing clay pots, for every pot made, it will produce 

approximately 2 kg of carbon so for 1 hectare of 2500 pots, this equates to 5 tonnes of carbon per hectare 

(Joyal 2011). 

 

5.2.12.1.5.   Conclusion 

As the buried clay pots aren’t designed for large scale, the use in the Mediterranean region would be 

for land owners with smaller plots of land, usually less than 5 ha in size and could implement a buried 

clay pot system on an acre to hectare of land to irrigate fruits and vegetables. The buried clay pots could 

also be integrated with the drip irrigation system which is covered in the next section to provide water 

to the buried clay pots to ensure they are continually filled up. Without the use of a drip irrigation 

system, it would be required for people to fill up the buried clay pots individually. 

 

5.2.12.2.   Drip Irrigation 

5.2.12.2.1.   Introduction 

As discussed in the Inception report, Drip irrigation systems use tubes with small diameters that are 

place above the soil’s surface or below for subsurface irrigation. Small and frequent applications of 

water are then applied directly to the root zone through the tubes. This minimises evaporation and avoids 

runoff.  As shown in Table 19, the drip irrigation method is not the most efficient method in terms of 

water saving in comparison to the clay pots but is more suitable for larger scale agriculture. It is often 

found that using drip irrigation can increase yields which increases incomes. Because the drip irrigation 

system is less likely to under or over water any crops or trees, this ensures a very high yield. 
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Figure 29 shows a general schematic of a drip irrigation system. There are some essential equipment 

that are required for a drip irrigation system, most importantly, a water source which is mentioned in 

Section 5.2.9 and a distribution system. A pump is required to distribute the water around the system 

and choosing a pump can depend on a number of factors that can be calculated. Other key equipment 

that is required in the system include a backflow prevention device which prevents any contaminated 

water from flowing back into the water supply, a filtration system is required to remove any sediment 

and debris that can clog an irrigation system and a pressure regulator which reduce incoming water 

pressure to a set pressure usable by a drip system and is used when the income pressure is too high for 

the emitters or fittings. A chemical tank can also be integrated into drip irrigation systems by adding 

water soluble fertilizers to disperse through the system by way of a fertilizer injector which allows 

automatic fertilizing as well as watering (Dripdepot.com 2018). 

 

5.2.12.2.2.   Irrigating Citrus Fruits 

The system requirements will depend on a number of variables such as the type of crop that will be 

used, the type of soil and the gradient of the slope. One of the most commonly irrigated plants in the 

Mediterranean are citrus trees and are more commonly being used with drip irrigation.  

The amount of water a citrus tree requires is going to depend on the tree size, tree age, citrus species, 

climate and soil type. At the beginning of the process, the age and size of the tree will be quite small 

but it will require more water as it grows to a larger size.  

Figure 29 - Schematic of a drip irrigation system 
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The irrigation water requirements are going to vary depending on the amount of rainfall received in an 

area during critical growth and fruiting periods. Using a report for irrigating citrus trees in Western 

Australia which can be considered to have a similar climate to the Mediterranean, for mature citrus 

trees, generally over 10 years old the total irrigation water requirement is approximately 5.6 ML ha-1 

per year assuming the amount of rainfall is between 3 – 5 ML year-1. For younger trees, generally less 

than 10 years old, the approximate water requirement using a drip irrigation system is 3.6 ML ha-1. 

However, in a Mediterranean-type climate, rainfall is usually concentrated around the winter months so 

there is normally no need for irrigation during these months except under extreme drought conditions 

(Levy 1998).  

The frequency of water applications through a drip irrigation system will also depend on the amount of 

water the trees or crops require and the amount of rainfall in the area. Table 22 shows a generic drip 

irrigation schedule to inform the user how often the plants would require watering. For example, in 

January, the plants would require watering once every 14 days.  

 

Table 22  - Generic irrigating schedule for citrus trees 

Dec - Feb Mar - Apr May - Jun  Jul - Sep Oct - Nov 

14 days 7 to 10 days 5 to 7 days 2 to 5 days 5 to 10 days 

 

 

The length of time the system needs to be operating for will depend on the plant water requirements. 

Using the water requirements value for mature trees and the drip irrigation schedule in Table 23 the 

water required per irrigation can be calculated which results in the length of time the system needs to 

be operating for per irrigation. Table 23 shows the maximum irrigating requirements for mature citrus 

trees using the lowest number of days in between irrigations. For example, during July, the trees would 

be irrigated nearly every other day using 54 gallons of water per irrigation and with 6 drip emitters 

around the tree emitting at a rate of 1 GPH would result in the system operating for a period of 9 hours.  
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Table 23 - Irrigation requirements for citrus trees 

 Number of 

irrigations 

per month 

Water 

requirements 

(L) 

Water use per 

irrigation (L) 

Water use per 

irrigation 

(Gal) 

Hours system 

is on for per 

irrigation 

For 1 tree 80 19649 245.6 54 9 

For 1 hectare - 5600000 70000 15398 - 

Jan  2 491 245.6 54 9 

Feb 2 491 245.6 54 9 

Mar 4 982 245.6 54 9 

Apr 4 982 245.6 54 9 

May 6 1474 245.6 54 9 

Jun 6 1474 245.6 54 9 

July 14 3439 245.6 54 9 

Aug 14 3439 245.6 54 9 

Sep 14 3439 245.6 54 9 

Oct 6 1474 245.6 54 9 

Nov 6 1474 245.6 54 9 

Dec 2 491 245.6 54 9 

 

These are all approximations and irrigating a citrus tree should only be done if the trees actually require 

watering which is often decided by the farmer to prevent over watering of the trees.  

 

 

5.2.12.2.3.   Drip Irrigation Pump Selection for Citrus Trees 

One of the most important variables to consider is the volumetric flow rate defined as the volume of 

water moving through the system in a certain time frame which is often measured in gallons per hour 

(GPH) for drip irrigation systems to help with the sourcing of the equipment. The volumetric flow rate, 

�̇�𝑠𝑦𝑠 can be calculated using the equation shown in Equation 30 where 𝐸𝑠𝑦𝑠 is the number of emitters in 

the drip irrigation system and �̇�𝑒𝑚is the volumetric flow rate of an individual emitter which would be 

found from the emitters when purchasing them (Dripdepot.com, 2018). 
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 𝐸𝑠𝑦𝑠�̇�𝑒𝑚 = �̇�𝑠𝑦𝑠 (30) 

 

The number of emitters used is going to depend largely on the type of crops used. As mentioned in 

Section 5.5, one of the most common crops around the Mediterranean is citrus fruits, especially in areas 

such as Spain.  

The emitters that are required for the tree will depend on the age and size of the citrus tree. Initially for 

younger trees, 2 emitters will be used and will require up to 6 the older the tree gets. Citrus trees with 

less than a 15 ft canopy diameter need at least one emitter at every 2.5 feet of canopy length. This can 

be shown in Equation 31 where 𝑑𝑐𝑎𝑛 represents the canopy diameter and 𝐸𝑡𝑟𝑒𝑒 represents the number 

of emitters required per tree. 

 

 
𝑊ℎ𝑒𝑟𝑒 𝑑𝑐𝑎𝑛 < 15,

𝑑𝑐𝑎𝑛
2.5

= 𝐸𝑡𝑟𝑒𝑒 (31) 

 

When the canopy length is greater than 15 ft then 6 emitters will be required underneath the canopy 

(Rodriguez n.d.). This equation can be multiplied by the number of citrus trees planted per hectare 

which as mentioned in Section 5.5, is 285 trees to calculate the number of emitters per hectare, 𝐸ℎ𝑎 

which can be shown in Equation 32. 

 

 𝑊ℎ𝑒𝑟𝑒 𝑑𝑐𝑎𝑛 < 15, 114 𝑑𝑐𝑎𝑛 = 𝐸ℎ𝑎 (32) 

 𝑊ℎ𝑒𝑟𝑒 𝑑𝑐𝑎𝑛 ≥ 15, 1710 =  𝐸ℎ𝑎  

 

Multiplying this by the number of hectares in the drip irrigation system, 𝑁ℎ𝑎 can be used to calculate 

the number of emitters required for the system, 𝐸𝑠𝑦𝑠 as shown in Equation 33. 

 

 𝑊ℎ𝑒𝑟𝑒 𝑑𝑐𝑎𝑛 < 15, 114 𝑑𝑐𝑎𝑛𝑁ℎ𝑎 = 𝐸𝑠𝑦𝑠 (33) 

 𝑊ℎ𝑒𝑟𝑒 𝑑𝑐𝑎𝑛 ≥ 15, 1710𝑁ℎ𝑎 = 𝐸ℎ𝑎  

 

Combining Equation 30 with Equation 33 the volumetric flow rate of the drip irrigation system can be 

calculated as shown in Equation 34 measured in GPH. 

 

 𝑊ℎ𝑒𝑟𝑒 𝑑𝑐𝑎𝑛 < 15, 𝑄𝑠𝑦𝑠 = 114 𝑑𝑐𝑎𝑛𝑁ℎ𝑎𝑄𝑒𝑚 (34) 
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 𝑊ℎ𝑒𝑟𝑒 𝑑𝑐𝑎𝑛 ≥ 15, 𝑄𝑠𝑦𝑠 = 1710 𝑁ℎ𝑎𝑄𝑒𝑚  

 

Having calculated the volumetric flow rate of the system, when choosing a pump for the drip irrigation 

system, the minimum flow rate of the pump should be equal to or greater than the maximum flow rate 

of the system. The most common emitting devices used in drip irrigation are the button drippers that 

have a flow rate of 1 GPH per emitter. With this value Equation 24 can be simplified to Equation 35. 

 

 

 

 𝑊ℎ𝑒𝑟𝑒 𝑑𝑐𝑎𝑛 < 15, 𝑄𝑠𝑦𝑠 = 114 𝑑𝑐𝑎𝑛𝑁ℎ𝑎 (35) 

 𝑊ℎ𝑒𝑟𝑒 𝑑𝑐𝑎𝑛 ≥ 15, 𝑄𝑦𝑠 = 1710 𝑁ℎ𝑎  

 

Having calculated the volumetric flow rate, the next variable to consider is the pressure system 

requirements. This will depend on the slope of the area of land that will be irrigated and the suction lift 

required which is defined as the vertical distance between the water level and the pump inlet. If the 

location of the pump is lower than the maximum height of the area that is being irrigated then the 

vertical distance from the pump inlet to the highest point in the system must be calculated which can 

often be done using the Pythagoras equation. Friction losses as water moves through the pipes and 

fittings in the irrigation system will also be a factor to consider when choosing a pump. Most 

manufacturers of tubing and pipe will have a friction loss chart to help with this. Centrifugal pumps are 

often chosen for drip irrigation systems as they are suitable for the requirements (Dripdepot.com, 2018). 

Following a similar process to Section 6.4.4, the remaining variables to determine a pump can be 

calculated. After the value of the flow rate has been calculated, it can be used to estimate a pump 

diameter that minimises head loss at that flow rate which can be found from Wright Water Engineers 

Inc. (2011).  The cross-sectional area of the pipe, A can be calculated from the pipe diameter estimation 

which can be used to calculate the velocity of the flow which can be found using Equation 52. 

Substituting the flow rate from Equation 36 into Equation 52 results in Equation 26. 

 
𝑊ℎ𝑒𝑟𝑒 𝑑𝑐𝑎𝑛 < 15, 𝑣 =

114 𝑑𝑐𝑎𝑛𝑁ℎ𝑎
𝐴

 (36) 

 
𝑊ℎ𝑒𝑟𝑒 𝑑𝑐𝑎𝑛 ≥ 15, 𝑣 =

1710 𝑁ℎ𝑎
𝐴

 
 

 

Using Equation 37, the dynamic head HD can be calculated which can be used to determine the total 

dynamic head from Equation 49 where HS is the physical elevation between inlet and outlet which will 
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depend on the terrain of the locations and K is the loss coefficient which can be calculated from using 

the method shown in Section 6.4.4. The pressure difference is also assumed to be 0. The total dynamic 

head can be shown in Equation 37. 

 
𝑊ℎ𝑒𝑟𝑒 𝑑𝑐𝑎𝑛 < 15, 𝐻𝑇𝑜𝑡𝑎𝑙 = 𝐻𝑠 +

6498 𝑑𝑐𝑎𝑛
2𝑁ℎ𝑎

2𝐾

𝑔𝐴2
 (37) 

 
𝑊ℎ𝑒𝑟𝑒 𝑑𝑐𝑎𝑛 ≥ 15, 𝐻𝑇𝑜𝑡𝑎𝑙 = 𝐻𝑠 +

6498 𝑁ℎ𝑎
2𝐾

𝑔𝐴2
 

 

 

The pump must then be selected so that it can overcome the HTotal at the given Q which can be done 

using a centrifugal pump curve similar to the one shown in Figure 50. 

 

5.2.12.2.4.   Costs 

One of the major disadvantages to using drip irrigation are the costs. For large scale drip irrigation, the 

costs are very difficult to determine as prices and delivery costs are going to vary at different regions 

around the Mediterranean. Using a case study in Bagalkot, an arid area in India, a drip irrigation project 

of two stages, the first covering an area of 11,000 hectares with the second adding another 24,000 

hectares is currently being implemented. The cost of this project is approximately 95 million euros and 

around 15,000 small farms will benefit from the scheme. As well as the implementation, the agriculture 

department will also educate farmers on how to use the land most efficiently and boost the profits and 

will then charge the farmers 16 euros per acre for maintenance of the drip lines and other equipment 

once the project is fully functioning (Moudgal, 2016). 

The cost of drip irrigation per hectare was computed at the Chiredzi research station taking into account 

yield differences observes between drip and other irrigation types, in general, a minimum of 20% higher 

yield was observed for vegetables with drip irrigation in comparison to sprinkler irrigation. The 

efficiency of the drip irrigation system was 85%. The total drip irrigation installation costs were 

estimated to be 2260 euros per hectare which will include all resources required such as labour and 

equipment. The costs of maintaining the drip irrigation system are estimated to be around 48 euros per 

hectare per year (FAO.org n.d.).  

 

 

5.2.12.3.   Drainage 

Waterlogging can sometimes be a problem in the Mediterranean if there are heavy rainfalls. It occurs 

when rainfall exceeds the ability of some soils to drain surplus water away and reduces the strength of 

the making it vulnerable to pugging which can result in lost production and repair costs from pasture 
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damage. Waterlogging can be caused due to either surface or subsurface water and is also often affected 

at the bottom of a slope as all the water from rainfall will run down the hill and collate at the bottom. 

Excess water running over land will lengthen the amount of time it is saturated for which will reduce 

pasture growth and cause an increase in problems such as tractor mobility and pugging (Farm 

Diversification Information Service, 1999). There are two main types of drainage: surface drainage and 

subsurface drainage. Surface drainage is the removal of excess water from the surface of the land 

normally accomplished through the use of shallow ditches which discharge into larger and deeper 

collector drains. The field is given an artificial slope in order for the excess water to flow toward the 

drains. Subsurface drainage is the removal of water from the root zone which is accomplished through 

deep open drains or buried pipe drains. The deep open drains are effective but it makes it difficult to 

use machinery with this type of drainage in comparison with the deep pipe drains with openings through 

which the soil water can enter (FAO, n.d.). 

 

 

5.2.13.   Planting (GS) 

In order to achieve the replanting necessary in Section 2.1, a cheap cost-effective way of planting trees 

in arid conditions was needed making sure they have the best chance of survival.  

 

5.2.13.1.   Growboxx 

The Growboxx is described as an “intelligent bucket”. The cardboard box with a hole in the top acts as 

a cocoon around the young plant providing water it as it grows (Groasis, 2018). Seeds and soil can also 

be placed in the “plant plugs” on top of the product where they can germinate and grow hydroponically. 

Growboxx claims to boost growth rates of the plant placed inside it by 30%.  After one year the 

Growboxx starts to decompose leaving the tree remaining in the soil.  

The Growboxx is made of recycled cardboard and costs 5 Euros per unit when bought in bulk. It fits 

the requirements for the project as it is sustainable, reduces the timescale of the project and is relatively 

cheap. A Growboxx can be seen in Figure 30. 
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Figure 30: The Growboxx product (Groasis, 2018) 

 

5.2.13.1.1.   Technical Specifications 

Each Growboxx is 40 x 40 x 20 cm and the weight is 450 grams (Groasis, 2018). According to the 

project there will be 500,000 needed. On the website the bulk order discount is €5 (Groasis, 2018). 

Therefore, the total cost of these is €25,000,000.  

 

5.2.13.1.2.   Patent Search 

It is conceived that only the aspect of nurturing the young sapling will be needed in the project. Thus 

the “plant plugs” are redundant. Therefore, a price of 5 Euros is deemed expensive as recycled 

cardboard is currently being sold at a price of 80 Euros per tonne, and this cardboard will only need to 

be reshaped to fit the needs required by the project. The only downside of finding a supplier and 

manufacturer is that the product will have to be made before trees can be planted which may delay the 

project.  

A preliminary patent search was conducted on Espacenet under A01G27 to see if the extent of the 

technology that had been patented. WO2015063243A1 came the closest however there were 

discrepancies in the shape of the vessel and the inclusion of a lid. Therefore, there may be room for a 

cheaper alternative to Growboxx to be manufactured or a patent application filed.  

 

5.2.13.2.   Precision Agriculture 

Precision farming is a farming method that relies on technology to achieve maximal efficiency and thus 

profitability.  The primary goals of precision farming is to strive for profitability, efficiency and 

sustainability. Technologies gather information and analyse them to calculate exact actions to perform 
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on the fields. Precision faming has become possible due to the development of sensor technology, 

thereby allowing remote mapping of variables  

The decisions made by the technologies include which species to plant on the field, where to distribute 

the seeds, how much and which type of fertiliser is needed (Trimble Agriculture, 2018). 

An overview of precision agriculture has already been produced by the European Union (Kritikos, 

2017). This technology is the future of farming and will have to be implemented at by farmers in the 

future in order to compete on the world market.  

 

5.2.13.2.1.   Precision Agricultural Technologies Application 

The drones mentioned in Section 5.3.2 will be used to monitor the orchard within the GB. As well as 

this the drone and pilot can be rented out to the surrounding farmers if they require them. Self-driving 

tractors are much more expensive to implement however as the industry progresses the price will drop. 

Plausibly only the drone monitoring will be necessary for the orchard and then the pine tree plantations.  

 

5.3. Remote Sensing (GS) 

Remote sensing is the use of cameras attached to mobile units used to gather information about the earth 

by measuring its measuring its emitted and reflected radiation a distance away from its target area 

(USGS, 2016). 

 

5.3.1.   Satellites  

As Section 6.2 uses NDVI values and Section 6.1 use a land breakdown done by the LANDSAT family 

of satellites it seems appropriate to use these should be the ones used. Data is freely available on the 

internet which makes it cheap and effective. It is proposed that LANDSAT be used for the monitoring 

of the forest areas of the Guadalentin basin where the resolution is less important. Landsat images the 

earth every 16 days therefore a good progression of NDVI can be created through the year for goal 

tracking and progress updates (USGS, 2018). 

 

5.3.2.   Drones 

As part of precision farming Section 5.2.13.2 requires the implementation of drones to monitor crops 

to assess their health.  

Within the market there are is a multitude of choice the senseFly eBee SQ stuck out as the preferential 

option in terms of price and data gathering (Nixon, 2018). 
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In a single flight the drone can capture multiple vegetation indices including but not limited to: NDVI, 

CCCI, CWSI, MCARI, NDRE etcetera. It can also perform plant counts, monitor soil water levels and 

soil temperature. The fields can also be mapped in 3D.  

The drone can map 200 Hectares of land on a single charge as well as historically having logged 300,000 

missions worldwide (senseFly, 2018). 

The drone costs 10500 Euros (senseFly, 2018) and requires a drone license to use. Therefore, either the 

drones can be bought and operated by the farmers, or a service can be set up to provide land monitoring 

to farmers for a fixed cost.  

A commercial drone pilot has a salary of 50,000 Euros annually (glassdoor, 2018).  On a single charge 

the drone can fly for up to 90 minutes. However, with time allocated for travel and route mapping it is 

assumed the drone will be able to cover 200 hundred Hectares of land a day. Therefore, it will take 

16500 days or 45 years for a single drone operator to map the entire of the basin.  

Crops are the most in need of measurement at a smaller scale. An area of 135,000 ha is covered by 

crops within the basin. As stated in section 6.1.  60.53% of farms are below 25 hectares in area. Thus, 

an individual drone for these farms is not required, however data collected by the drones could be sold 

to the farmers to improve the yield of their crops.   

 

Figure 31 - SenseFly Drone (senseFly, 2018) 
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5.4.   Tree Species (PB) 

As this project additionally concerns reforestation, choosing the correct tree species for reforesting is 

essential. If not, then serious consequences can occur. A foreign tree to the area may disrupt the 

ecosystem by introducing new pests or plant diseases to neighbouring native plants. In places where 

vegetation is scarce such as the South East of Spain this can be detrimental to the already fragile plant 

cover. 

 

 

 

 

 

 

 

 

 

 

From Fernández-Ondoño et al. (2010), it is stated that native forests on the mountains where average 

annual temperatures are between 13-17°C and with an average annual precipitation of 350-600mm is 

Holm Oak. Native forests that develop at lower altitudes where there is greater aridity where average 

annual temperature of 17-19°C and an annual rainfall of 200-350mm are Pinus Halepensis also known 

as Aleppo pine. This type of tree is a better choice for reforestation than the Holm oak as it can withstand 

the aridity of the Basin as well as being well adapted to the lower rainfall and the higher annual 

temperatures. It is also favoured due to its fast growth rate, maturing in a minimum of 15 years.  

The oldest Pine plantations in the Basin were planted in the later 19th century and was done for 3 main 

reasons which were: 

1. Land protection 

2. Intensive timber production 

3. Reducing unemployment among workers and farmers  

Figure 32 - Shows the location of the Guadalentín Basin as well as the distribution of the type of 

existing forests (Fernández-Ondoño et al., 2010). 
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Other Pine plantations were carried out from the 1950s to the 1970s. Most of these afforestation projects 

were made with Aleppo Pine on degraded grasslands and shrub lands that were previously deforested. 

These trees were planted with a high planting density of approximately 1,500-3,000 tress per hectare.  

These forests were restricted in terms of selective pruning. Presently these Pine trees have a 

homogeneous structure and low species diversity (Fernández-Ondoño et al., 2010).   

 

5.4.1.   Carbon Sequestration  

Figure 33 below shows the amount of carbon sequestrated in tonnes per hectare in a period of 15 years. 

The trees were not already fully grown so the values presented were from the trees when they were a 

sampling to an age of 15 years. An Aleppo pine takes from 15-25 years to fully mature. The variance 

in the results are due to the amount of thinning applied to each tree samples, where thinning is the 

decrease of the amount of trees in an area. It is obvious that more thinning applied the less carbon 

sequestrated. The ‘CONTROL’ sample was not thinned at all and showed a maximum carbon 

sequestration value of roughly 12 tonnes per hectare. There were approximately 1400 trees per hectare 

in this sample. 

 

 

 

 

 

 

 

 

 

 

Figure 33 -  Shows the amount of carbon sequestrated in tonnes per hectare by Aleppo pine trees 

in 15 years. The bottom axis represents the different plantations with varying degrees of plant 

thinning.  (De Las Heras et al., 2013). 
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5.4.2.   Cost 

Table 24 below shows the cost of Aleppo pine trees at different stages. They could be either bought 

individually, or as a unit of 10 or as a packet of 20 seeds. To be efficient with cost, buying seeds in bulk 

would be the best option. As there are many seeds in a packet, trees that will die in the early stages can 

be compensated. 

 

 

 

 

 

 

 

 

 

 

 

5.4.3.   Risks 

There are a few risks associated with the Aleppo Pine tree. One is that it can be considered an invasive 

species if introduced to an area where it does not grow on previously. Another risk is the fungus and 

pests the tree attracts. For example, the pest Hylurgus destruens is one of the most destructive pests of 

pine forests in the Mediterranean region and has caused large deaths of trees across the Mediterranean. 

Another risk is that if the trees care grown in a very high density, it can create a serious fire hazard. 

Therefore, care would have to be taken and a compromise between the tree density and the risk of a 

large scale wildfire would have to be made (Cabi, 2018). 

 

5.5.   Potential Crop Species (NL) 

The Mediterranean climate only allows a certain number of crops to be grown in the region and the crop 

types used in the region vary between countries. Some of the most common crop types used within the 

Mediterranean include cereals such as wheat and barley, vegetables such as tomatoes, melons and beans 

and citrus fruits. 

 

Table 24 - Shows the prices of Aleppo Pine trees (Planfor.co.uk, 2016). 
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5.5.1.   Cereals 

5.5.1.1.   Wheat 

Wheat is currently the most cultivated crop in the world and continues to be the most important food 

grain source for humans. The optimum growing temperature is about 25C with minimum and 

maximum growth temperatures of 3C and 32C respectively. Optimising wheat production requires 

enough moisture availability during the growing season but too much can lead to yield losses from root 

problems and disease. It can be grown in areas where annual precipitation ranges from 250 to 1750 mm 

with the majority of wheat production is grown with an average of between 375 and 875 mm of annual 

precipitation (Curtis n.d.). Wheat requires about 150 days as a growing period with not too much heat 

but a good deal of sunlight and can grow well if the soil is not acidic, wet or sandy. Broadcasting wheat 

would require about 110 kg ha-1 (Goodchild 2009). 

The average wheat yield for farms between 2013 and 2016 was 4 tonnes ha-1 (farmdocdaily n.d.), at 

current wheat grain prices of around 200 euros per tonne (Markets Insider 2019), land owners in the 

Mediterranean could gain revenues of 800 euros per hectare and a study in North Dakota showed that 

carbon sequestered from planting wheat could be between 16 tonnes and 26 tonnes depending on the 

type of tilling used (Nickel 2017). 

With the increasing world population, the amount of food for humans will increase and with wheat 

being the most important source of carbohydrate in a majority of countries, as well as its ability to grow 

in poorer soil conditions with a lack of water, it would clearly be a good cereal choice to be grown in 

the Mediterranean region. 

 

5.5.1.2.   Barley 

Barley is the most cultivated crop of the driest areas of the Mediterranean and is usually used for either 

animal feed or for beer. It is the main source of malt which is used in beer-making. The growth of barley 

is very similar to that of wheat, but barley can be produced in unfavourable climate and soil conditions. 

The yield of barley is often better than that of wheat and has a greater ability to withstand drought. It is 

also more stable against seasonal variation compared to wheat and most other small grains so farmers 

with poor resources tend to favour barley production. (Akar et al. 2004). Barley should be planted at 

about the same rate as wheat with around 110 kg ha-1 however barley ripens a little earlier than wheat 

(Goodchild 2009).  

With barley being considered as a kind of guarantee against very low yield or crop failure risks and can 

be produced in unfavourable climate and soil conditions, it is clearly another good cereal choice that 

can be grown in the Mediterranean region. 
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5.5.1.2.1.   Barley in Spain 

Approximately three million hectares of land is currently being used to cultivate barley, the most 

cultivated crop in Spain followed by wheat with just over two million hectares of land. Wheat was 

initially the most cultivated cereal in Spain until 1975 when barley had an increase in production and 

overtook it due to a number of reasons such as the increase in meat consumption and animal farming 

which promoted cultivation of feed cereals such as barley. Barley had a better adaption than wheat to 

many regions of the semi-arid climate in Spain. Other reasons include the decrease in bread 

consumption and an increase in beer consumption as well as a decrease in wheat prices.  

A third of all cereal production in Spain is used for animal feeds with 92% of barleys grain being used 

for animal feed. Barley used for beer is also important especially within Spain as they are the fourth 

largest producer of beer in the EU and the tenth largest in the world (Martínez-Moreno et al. 2017). 

 

5.5.2.   Vegetables 

There are a number of vegetables that are suitable to grow in the Mediterranean region, some of the 

main vegetables include tomatoes, beans, melons and cucumbers. Tomatoes for example require a 

minimum of 8 hours of continuous sunlight each day, they are also able to grow in a number of different 

soils which make them ideal for a Mediterranean climate. They also require continuous and even 

watering while making sure they are not over or under watered to ensure the highest yield possible. 

With these specifications, tomatoes along with other vegetables would work well with the buried clay 

pots which is talked about in Section 5.2.12.1 (Albert n.d.). 

 

5.5.3.   Fruit 

In the Mediterranean, some of the most widely grown fruits are citrus fruits, the principle citrus fruits 

are orange, mandarin, lemon, lime and grapefruit with the most common rootstocks being rough lemon, 

sour orange, rangpur lime and cleopatra mandarin. Citrus trees can be grown on a wide range of soils 

from sand to clay and the main limiting factor for the growth of the trees is the minimum temperature. 

The average lifespan of a citrus tree is approximately 50 years but with proper care and disease 

prevention it is possible for citrus trees to live as long as 100 years. The optimal spacing for citrus trees 

is 5 m between the trees and then 7 m spacing between rows, this would total approximately 285 citrus 

trees per hectare. Generally citrus fruits begin bearing fruit within two to three years of transplanting 

and can take longer than seven years if the trees are grown from a seed (De Jauregui 2018).  

The average yield varies between each citrus fruit, so lemons will be used as an example for the 

calculation. Once a lemon tree reaches maturity around 6 years, it can produce around 800 lemons each 

year during the major harvesting seasons (Guides n.d.). For one hectare this would produce around 
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228,000 lemons per year. This is approximately equivalent to 28,500 kg of lemons and in the current 

market, lemons are being sold at around 0.75 euros per kilogram (Freshplaza.com n.d.). This would 

generate a revenue of 30,780 euros per hectare. One of the main downsides to harvesting citrus trees is 

the time and labour requirements to harvest the citrus fruits, a recent study showed that mechanization 

of citrus farming could save 186 hours of labour per hectare translating to a cost reduction of between 

2,900 and 4,130 euros per hectare (Mari and Peris n.d.). 

 

6. Guadalentin Basin Plan 

6.1.   Land Breakdown (GS) 

In order for Section 8 to get the correct estimates for crop yield and Section 6.1.2 to get the correct 

values for the NDVI index an accurate land breakdown into its constituent elements is required.  

 

6.1.1. Ecological Breakdown 

Firstly the Guadalentín Basin is broken down using the map shown in Figure 34. From data collected 

by LANDSAT satellites the original 44 land cover classes of the CORINE map are aggregated to 15 

classes. This map used data collected from the Department of Agriculture, Food and the Marine 

(DAFM), the Forest Service, Coillte and the EPA (Environmental Protection Agency, 2018). The total 

area of the Guadalentín basin is 3300 km2 (Vincente et al., 2018) and Figure 34 shows how the land 

was split according to area. Descriptions and estimations of the most important land types are discussed 

below.  

 

 

Figure 34 - Ecological map of the Guadalentín Basin (DESIRE, 2000) 
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6.1.1.1.   Shrubland 

The most common type of land within the Guadalentín basin is shrubland from the Matorral and 

Espartal vegetation communities with tussock grass mixed in, mainly Stipa tenacissima (Post et., 2001). 

This type of land covers 770 km2 of the basin.  Both the Matorral and Espartel are defined by containing 

an assortment of vegetation types sharing the physical characteristic of the dominance of shrubs. Shrubs 

are woody plants that do not exceed 1.1m tall with a single stem and 5m with multiple stems (Smith, 

2018). 

 

6.1.1.2.   Heterogeneous Agriculture 

Heterogeneous agriculture refers to multiple spectral responses being detected by the LANDSAT 

satellite, this shows a presence of more than one type of species within a pixel. This type of land covers 

610 km2 of the basin. The CORINE designates this category for four cases (European Environment 

Agency, 2018). 

The first case of this is annual crops associated with permanent crops. Figure 36 is an example where 

crops are being grown around an orchard. 

Figure 36: Crops being grown around an orchard (European Environment Agency, 2018) 
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Figure 35 - Types of land within the Guadalentin Basin 
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The second case is where crops are being grown in complex cultivation patterns. This most commonly 

occurs on small farms or in gardens where many types of crops are put in close proximity to each other.  

The third case is where there are many individual plots of land smaller than 25 ha with different crops 

packed in close to each other. 

The fourth case is for agro-forestry where crops are planted intermittently between trees in a forest. 

Unfortunately, due to the resolution and complex pattern recognition required CORINE cannot 

differentiate between the various types of heterogeneous agriculture. However it was estimated a total 

of 68.3% of arable land is divided into 5 ha plots or smaller (Mateus, 2006). Thus, it can be assumed 

for calculation that most plots fall under the third case. However, all four cases might be present, 

therefore this is a source of uncertainty and was factored into the plan.  

 

6.1.1.3.   Non-Irrigated Arable Land 

This pertains to land in larger than 25 ha plots used to grow cereals, legumes, root crops or fallow land; 

permanent pasture is not included in this category. Due to the low rainfall in the area cereals like barley 

and oat are grown due to their insensitivity to drought (Vicente et al., 2018) 

 

6.1.1.4.   Coniferous Forest 

The most common species within the coniferous forests in the Guadalentín Basin is the Aleppo pine 

(Vicente et al., 2018), Latin name Pinus halepensis. The tree provides ecosystem services, serving as a 

windbreak and preventing soil erosion. The Aleppo pine grows on almost all substrates and is drought 

resistant thus grows without competition (EUFORGEN, 2018). 

 

6.1.1.5.   Orchards 

It is assumed that most of the orchards are irrigated due to fruit trees shallow root system requiring daily 

inputs of water (Government of Western Australia, 2018). The orchards will likely be a mix of citrus 

trees and apple trees. 

 

6.1.1.5.   Irrigated Arable Land  

Drip irrigation has replaced flood irrigation within the basin due to its efficiency improvements 

(Mateus, 2006). Thus it is assumed that all irrigated land is being fed by drip irrigation in calculation. 

Due to the low rainfall the water used in irrigation comes from ground water reserves which are 

becoming depleted as discussed in Section 5.2.12. 
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6.1.1.6. Mixed Forest 

Broad leaf trees typical shed their leaves in autumn and carry their seed in fruit as a means of 

reproduction (Government of Canada, 2018). Broad leaf trees must cover more than three quarters of 

the surface unit to fall into this category by the CORINE system (European Environment Agency, 

2018). Thus for calculation it is assumed that only broad leaved trees are present on the land under this 

category.  

 

6.1.2. Potential Volume and Mass of Carbon Sequestration  

In order to evaluate where would suit the project a breakdown of the available land must be done. From 

this the amount of improvements to the land that can possibly be made should be established to aid in 

making decisions further along in the project. 

 

6.1.2.1. Methodology  

When considering the total mass of carbon sequestered it is useful to different processed used to entrap 

carbon. Firstly reforesting, whereby barren lands have new greenery planted upon them to sequester 

carbon, the calculations for this are relatively easy as the improvement in carbon capture is just a 

fraction of the biomass on the surface of the land. Secondly are improvements in non-barren lands, here 

soil nutrition and water conditions are improved for the already existing plants allowing them to grow 

and photosynthesis more, thus sequestering more carbon.  

 

6.1.2.2.   Estimating Carbon Sequestration from NDVI and EVI 

With regard to remote sensing, the previous year’s average NDVI is shown in Figure 37 (Earthdata, 

2018). 
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Figure 37 - NDVI for the Guadalentin Basin (Earthdata, 2018) 

 

Several sources have correlated these indices to biomass and carbon sequestration to various land types. 

Thus, the sources and the land breakdown in Section 6.1.1 can be used to determine the improvements 

that can be made to the current land in order to maximise carbon capture.  

It should be noted that crops are not part of this estimation as through the carbon cycle the carbon they 

sequester is released back into the atmosphere after harvest and consumption, thus their contribution to 

combating climate change in negligible. However, improvements in crop yield are discussed in Section 

5.5.  

 

6.1.2.3.   Estimations of NDVI Indexes for Land Types 

Land areas are providing from Section 6.1.1. The ideal NDVI profiles are estimated in descending order 

of land that applies to them.  

 

6.1.2.3.1.   Shrubland  

For an estimation for the ideal NDVI year-round of shrubland a study from a Botswanan desert with a 

relatively similar climate was used (Mishra et al., 2015). The sample chosen to represent the land found 

in the Guadalentin Basin was the dense shrubland category as this would be the aim for land 

improvement to get the existing sparse shrubland to this stage.  
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Figure 38 - NDVI for dense shrubland (USGS, 2018) 

 

6.1.2.3.2.   Heterogeneous Agriculture 

As discussed in Section 6.1 the actual species present on these plots is impossible to determine. Figure 

37 shows an initial map (thus of low accuracy) crop type map created by MedAction that upon 

comparison with Figure 39, that the heterogeneous agriculture took place the majority of the time where 

cereals were being grown. Barley, wheat and oats are the most common cereal type in Spain (Eurostat, 

2016) Thus the NDVI patterns for grain on an annual cycle (Moore, 2018) were used. In an ideal world 

all these plots will be irrigated. Therefore, a study of NDVI indexes carried out in California where all 

the plots were supplied by irrigation is appropriate to use.  

Figure 39 - Breakdown of crops within the basin (Mateus, 2006) 
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Figure 40 - NDVI values day by day for all time periods, for nine agricultural land-cover classes 

(Zhong et al. 2009) 

 

Figure 40 will  apply over the Guadalentin Basin land as well as it is assumed for our project that all 

the unirrigated land will be turned into irrigated land and this NDVI index is for irrigated land.  

 

6.1.2.3.3.   Coniferous Forests 

Figure 41 was also taken from a forest in California thus it can be assumed that the climate is similar to 

that of the Guadalentin Basin.  

 

 

 

 

 

 

   

                Figure 41 - The NDVI index of a coniferous forest cx (USGS, 2018) 
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6.1.2.3.4.   Orchards 

 

 

 

 

 

 

 

 

 

                                             Figure 42 - NDVI of an orchard (Yuan et al., 2015) 

 

6.1.2.3.5.   Bare Ground 

 

 

 

 

 

 

 

 

 

 

                                        Figure 43 - NDVI for bare ground (USGS, 2018) 

Bare ground will be left unimproved in this estimation as the carbon sequestration from improvements 

of this land are in Section 6.2.1.5. 
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6.1.2.3.6.   Mixed Forest 

Mixed forest will be treated the same as coniferous forest in this estimation as it is assumed that 

ultimately after improvement the area will end up as pure forest.  

 

6.1.2.3.7.   Urban Areas  

Urban areas have a similar NDVI plot to bare ground due and thus will be treated as such.  

 

6.1.2.3. NDVI Comparison 

 

The NDVI from Earthdata (2018) was plotted against the NDVI calculated from the area breakdown 

in Section 6.1.1 and the values from well performing lands of the same type.  

Overall the average NDVI increased from an average of 0.33 to 0.38 which is a 16 percent increase. As 

the actual proportion of increase in NDVI cannot be determined for each individual land type it is 

assumed that there is a linear split and the NDVI index of each land type increases by 16 percent.  
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Figure 44 - A comparison of the optimal estimated NDVI with the recorded NDVI 
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6.1.2.4. Carbon Sequestration 

A comparison between the optimized and un-optimized Guadalentin Basin is required to get the total 

extra carbon that can be sequestered.  There is a link between NDVI and biomass (Prabhakara, 2015). 

 

6.1.2.4.1.   Shrubland 

From Figure 45 it can be seen that during the peak month of the year the dense shrubland can reach and 

NDVI index of 0.55. Therefore with a decrease of 16% this gives an NDVI index of 0.47 (Jin et al. 

2014). Here a comparison of grasslands relates the biomass to NDVI in the following way.  

 

Figure 45 - Shrubland biomass to NDVI (Natural England, 2012) 

 

This gives an increase of roughly 70 g/m2. This equates to 70 tonnes per kilometre squared. Thus, over 

the whole area this gives a total biomass increase at peak season of 53900 tonnes. As well as this at 

peak production grassland can sequester carbon at a rate of 3.17 tonnes per hectare (Natural England, 



Reforestation and Reversing Desertification around the Mediterranean Group 2 

100 

 

2012). Assuming the change in biomass is proportional to the change in rate of carbon sequestration 

then one hectare of shrubland can sequester an extra 0.7 tonnes per year. This is equal to 53900 C T/ 

year.  

 

6.1.2.4.2.   Agriculture 

Grain peaks at a NDVI value of 0.7 thus it is estimated to have an un-optimized value of 0.6. This is 

roughly an increase of 500kg per hectare. This as increase in yield of 3,000,000 kg over the basin.  

 

 

 

 

 

 

 

 

 

 

              Figure 46: Showing the biomass versus NDVI for wheat (Natural England, 2012) 

 

6.1.2.4.3.   Forests 

The NDVI index of the forest is 0.45 year round. When this is decreased, 0.387 extra tonnes of biomass 

per hectare can be generated. When totalled, this equates to 364000 tonnes over the basin. As well as 

this a hectare of forest can sequester 10 tonnes of carbon per year therefore again assuming that carbon 

sequestration scales with biomass then a 1 tonne C / ha / year increase could be achieved. This equates 

to 52000 tonnes of carbon sequestered per year.  
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                  Figure 47 - Coniferous forest NDVI versus biomass (Das & Singh, 2012) 

 

6.1.2.4.4.   Orchards 

The information about orchards and NDVI is limited so the same logic as the forests is applied here. 

This leads to an increase in carbon sequestration of 30000 tonne C / year over the basin (Consoli et al. 

2006) 

  

6.1.2.5.   Reforestation 

There is 330 km2 of bare land within the basin. This will be the primary target for reforestation. Using 

technologies from Section 5.2 the soil type should be irrelevant. Therefore, the carbon sequestered per 

year will be a function of number of trees, species of tree and their specific growth rate.  

This will be an ideal prediction so assuming all the bare ground is covered by forest upon the completion 

of the project.  

A low estimate of 1000 trees per hectare is used (NHS Forest, 2010). 

The species being used is pine, as discussed in Section 5.4. Tropical plantations of pine and eucalyptus 

can sequester an average of 10 tonnes of carbon per hectare per year. Thus, if the entire basin is 

reforested then that will result in 330,000 tonnes of carbon per year being sequestered. (Counsell et al. 

1992) 
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6.1.2.6.   Conclusion.  

Not including crop, as they will be cut down, eaten and released back into the atmosphere because of 

the carbon cycle, an additional 135,900 tonnes of carbon can be sequestered per year by optimization. 

Reforesting could yield 330,000 tonnes of sequestered per year.  

 

6.2. Scale within the Basin 

6.2.1. Area of the project 

When scaling the project within the Mediterranean the total area of land that can become orchard is 

limited due to a variety of factors for example, the gradient or the amount of irrigation water that can 

be supplied. Within the Guadalentin basin the amount of high-quality greywater is the limiting factor 

for the project.  

Section 5.2.11. details the amount of greywater that can be gathered per year, section 5.2.12.2.2. details 

the amount of water the plants need per hectare over a year accounting for rainfall. 

To calculate the maximum area the project can take place over Equation 38 is used, where A is the area 

of the project in hectares, Volgrey is the volume of greywater available, and Irr is the irrigation required 

per hectare. This gives a value of 1750 hectares for the project before greywater runs out.  

 

 
𝐴 =

𝑉𝑜𝑙𝑔𝑟𝑒𝑦

𝐼𝑟𝑟
 

(38) 

 

 

6.2.2. Greywater availability  

A significant limiting factor to the scale of this project is the availability of greywater. The towns used 

as sources for greywater were Lorca and Totana – due to their location and population. The town of 

Alhama was not included due to its distance from the other two towns and its relatively small 

population. As a result, a total of 14,250,240 litres is able to be sourced from the locations daily, as 

calculated in 6.4.1.1. 

 

6.2.3. Terrain Mapping 

The terrain in the area directly northwest of Lorca intended for the reforestation is mountainous, 

however there is a small area of approximately 64,300ha of land that it relatively flat. This creates the 

ideal area for reforestation as the gentle slopes mean that terracing or tillage along contour lines is 

unnecessary, as this is generally only applied above 5% slope. Figure 48 shows this area and slope 
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calculations using Equation 14 in Section 5.2.1 gives an AB slope of 1.76%, BC of 2.96% and BD of 

2.08%.  

 

 

 

 

 

 

 

 

 

 

 

 

6.3. Logistics 

The vast majority of the logistics of the project is covered in the technological write up, however there 

are a few considerations that still needs to be taken into account. 

 

6.3.1. Material Sourcing 

The items discussed in this report need to be sourced and the vendors contacted to agree on the cost and 

shipping times of the required items. The logistics of this have been incorporated into time estimates of 

the project but the role will still need to be assigned once the project begins. 

 

6.3.2. Local and Regional Government  

The government of Spain and Murcia will need to be involved in the project to ensure that all decisions 

made with regards to the local community is accepted and allowed to proceed with ease. 

 

6.3.3. Transport Links 

The initial construction phase of the project will require construction crews to have regular access to 

the site of the Greywater filter and water storage facility, therefore transport links must be considered 

A  

B  

C 

D 

Figure 48 - Terrain map of the area northwest of Lorca (Topographic Map 2019) 
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in the region. The area around Lorca has many roads linking it to the rest of Spain, as seen in Figure 

48. 

 

6.4. Technological Application 

6.4.1. Liquid Nano Clay (FB) 

6.4.1.1.   Methodology 

The manner in which the powdered NanoClay will be mixed with the water is through natural mixing 

within the storage basin. As the LNC is to be distributed to the soil through means of the drip irrigation, 

the mixture can come directly from the reservoir. By tipping the dry clay into the end of the basin closes 

to the filter, the turbulent water flow will naturally combine the clay and water into a homogeneous 

mixture. 

 

6.4.1.2.   Costing 

Table 25 shows the costs of LNC application to the 1750 area in the Guadalentin Basin is based on the 

values given in Table 17 from Section 5.2.10.4. Additional CO2 output costs for the distance from Oslo 

to the Guadalentin, 3,208 km, are considered (Google Maps, 2019). 

 

                   Table 25 - Cost of LNC treatment per hectare excluding transportation 

Cost type Cost per hectare Cost  

Monetary cost (euros) 1359.00 2,378,250 

Water cost (litres) 400,000 700,000,000 

Clay cost (tonnes) 10 17,500 

CO2 equivalent cost (tonnes) 14.36 25,130 

 

 

kg 𝐶𝑂2𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 = 0.483
𝐴

hectare
∗ 𝑑
kg CO2
L

  

 

 

(39) 

kg 𝐶𝑂2𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 = 0.483
1750

hectare
∗ 3208

kg CO2
L

= 2,711.6 tonnes   
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Summing the CO2 cost of the production of NanoClay with the CO2 cost of transport in Equation 39, 

the total NanoClay CO2 output for the Guadalentin Plan equates to 27,841.6 tonnes. 

 

6.4.2. Greywater (FB) 

6.4.1.1.   Sizing 

Per 100 L of water filtration per day, an area of 2 m2 is needed (WECF, 2015). The towns from which 

the greywater will be sourced are Lorca and Totana, as these are the two largest towns. The combined 

population equates to approximately 123,700. Using the assumptions from 5.2.11.2, Equation 40 and 

Equation 41, the total surface area of the filter can be calculated. 

 

𝑇𝑜𝑡𝑎𝑙 𝑑𝑎𝑖𝑙𝑦 𝑔𝑟𝑒𝑦𝑤𝑎𝑡𝑒𝑟𝐿𝑜𝑟𝑐𝑎,𝑇𝑜𝑡𝑎𝑛𝑎 = (123,700) ∗ (144 L) ∗ (0.8) = 14,250,240 L (40) 

𝑇𝑜𝑡𝑎𝑙 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 = 𝑇𝑜𝑡𝑎𝑙 𝑑𝑎𝑖𝑙𝑦 𝑔𝑟𝑒𝑦𝑤𝑎𝑡𝑒𝑟𝐿𝑜𝑟𝑐𝑎,𝑇𝑜𝑡𝑎𝑛𝑎 ∗ (
2 m2

100 L
) (41) 

𝑇𝑜𝑡𝑎𝑙 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 = (14,250,240 L) ∗ (
2 m2

100 L
) = 285,005 m2 = 28.5 hectares 

 

 

 

The value of 28.5 hectares indicates that the gravel filter will be far larger than many filtration methods. 

Nevertheless, the usage of such a large area can be justified by the carbon sequestration resulting from 

incorporating reeds into the filter. 

 

6.4.1.2.   Costing 

6.4.1.2.1.   Filter Materials 

Despite being relatively low-cost, a filter of this size will result in a significant total cost. The WECF 

manual provides an example structure for a four-person household. This then be adjusted for the scale 

of the Lorca and Totana population. The amount of stones and gravel can simply be scaled up based on 

area, but the amount of sand and cement needed for the concrete lining is dependent on the perimeter 

of the filter. Due to this fact, the costing in Table 26 below excludes the use the concrete temporarily. 

The prices are based on material prices in Germany. 
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Table 26 - Horizontal filter for four persons (WECF, 2015) 

Material Volume (m3) Price per unit volume 

(€/m3) 

Price (€) 

Stones (50 – 100 mm) 0.35 80 28.00 

Gravel (10 – 30 mm) 0.20 44 8.80 

Cover gravel (10 – 30 mm) 0.15 44 6.60 

Evenly sized gravel (6 – 10 mm) 1.50 44 66.0 

Total 109.40 

 

A 0.15 m thick layer of concrete must first be placed for the foundation. The amount of concrete needed 

for this can be found by multiplying this value by the area of 285,005 m2 – resulting in 42,750 m3.  

The thickness of the filter walls is set at 0.10 m and the height is set as 0.65 m (WECF, 2015). To 

determine the volume, these two values must be multiplied by the perimeter. This perimeter is defined 

as 2 * width + 2 * length. As mentioned earlier, the length must be 1.5 times the width. These criteria 

are used with the Equations 42 to 44 below to determine the amount concrete needed.  

 

𝐴𝑟𝑒𝑎 = 𝐿 ∗ 𝑊 = 1.5𝑊 ∗𝑊 

(42) 

= 285 005 m2 = 1.5𝑊2 

𝑊2 = 190,003 m2 → 𝑊 = √190,003 m2 = 435.9 m 

∴ W = 435.9 m      and      L = 653.8 m 

 

𝑃𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 = 2 ∗𝑊 + 2 ∗ 𝐿 = (2 ∗ 435.9 m) + (2 ∗ 653.8 m) = 2,179.4 m 

 

(43) 

𝐶𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 = 𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 ∗ 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 ∗ ℎ𝑒𝑖𝑔ℎ𝑡 + 𝑓𝑜𝑢𝑛𝑑𝑎𝑡𝑖𝑜𝑛 𝑣𝑜𝑙𝑢𝑚𝑒 

(44) 

𝐶𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 = (2179.4 m) ∗ (0.10 m) ∗ (0.65 m) + 42,750 m3 = 42,891.7 m3 

 

The ratio for sand-to-cement for the concrete in this application is 3:1 (WECF, 2015). Equation 45 is 

used to determine the total values. Sand is listed as 3P and cement is listed as P.  
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𝐶𝑜𝑛𝑐𝑟𝑒𝑡𝑒 = 3𝑃 + 𝑃 = 42,891.7 m3 
 

4𝑃 = 42,891.7 m3 → 𝑃 = 10,722.925 m3 (45) 

∴ Sand = 32,169 m3    𝑎𝑛𝑑    cement = 10,723 m3 

 

 

The last cost that is to be considered is that of the cattail that will be grown. Up to 8 seeds can be planted 

per m2 (WECF, 2018). The total for the filter area will therefore be approximately 2 million seeds. 4000 

seeds can be purchased on Amazon for €6.16 (Amazon, 2019). Based on this value, 2 million seeds cost 

€3,080 

The final costs for the filter materials is given in Table 27. Volume values from Table 26 were 

adjusted for the relevant population by dividing by 4 and multiplying by 123,700. Hence, the final 

material cost for the filter is equal to €6,324,377. 

Table 27 - Material costs for Guadalentin Basin greywater filter (WECF, 2015) 

 Material  Volume (m3) Price per unit volume 

(€/m3) 

Price (€) 

Stones (50 – 100 mm) 10,823.75 80 865,900 

Gravel (10 – 30 mm) 6,185 44 272,140 

Cover gravel (10 – 30 mm) 4,638.75 44 204,105 

Evenly sized gravel (6 – 10 mm) 46,387.5 44 2,041,050 

Sand for concrete 32,169 43 1,383,267 

Cement for concrete 10,723 145 1,554,835 

Cattail (2 million seeds) 3,080 

Total 6,324,377 

 

6.4.1.2.2.   Filter construction  

Determining labour costs is difficult, as it is highly specific to the project and therefore requires proper 

quotes from professional companies. Nevertheless, rough estimates can be made to the best of this 

project’s capabilities. The estimates are scaled up from past real project values. Due to the concept of 

economies of scale it will be assumed that, despite the project being more complicated, the price per 

area will drop significantly. In other words, the complication costs will even out with the economies of 
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scales savings. The values are set costs of projects and processes as a whole, and therefore also include 

transportation. 

To ensure the diggers and tippers can reach all areas, an entry slipway of 5 m wide will be dug into the 

start end of the filter. This will also be covered in concrete and will provide an inlet slope for the water. 

 

6.4.1.2.2.1.   Digging 

For a yard, digging up 5 cm of topsoil and hauling it away costs €5.38 per m2. This value is based on a 

90 m2 area (Thumbtack, 2017). It can be assumed that, although the depth being excavated is 65 cm, 

this price will be the same for the project filter. As mentioned before, this is due to economies of scale. 

Scaling this up to 285,005 m2 equates to €1,533,327. 

 

6.4.1.2.2.2.   Pouring 

Pouring of concrete is estimated at €18.90 per m2 for a 15 cm foundation. This includes labour and use 

of cement trucks (Fixr, n.d.). Scaling this up to 285,005 m2 equals €5,415,095.  

Due to the similarity in process for pouring cement and tipping gravel, it will be assumed that the cost 

per volume is the same. €18.90 per m2 for a 15 cm foundation works out to be €81.90 per m2 for tipping 

gravel. Scaling this up to 285,005 m2 equates to €23,341,910. 

 

6.4.1.2.2.3.   Cattail 

The cattail is incorporated into the topsoil, and will therefore be distributed along with the top layer of 

gravel. 

 

6.4.1.2.3.   Total cost 

The total cost of the filter, from materials to construction, is given below in Table 28. 

 

                               Table 28 - Monetary cost of greywater filter 

Cost type Cost 

Material 6,324,377 

Excavating 1,533,327 
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Pouring and spreading of 

concrete 

5,415,095 

Pouring and spreading of 

gravel 

23,341,910 

Total 36,614,709 
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Figure 49 - Side cross section of final gravel greywater filter diagram. Note: not to scale 
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6.4.1.3.     Final Design 

Figure 49 depicts the final greywater filter design that will be implemented in the Guadalentin Basin. 

The inlet greywater is shown in dark blue on the top left, and the clean outlet water is shown in light 

blue on the right. The slipway which will initially be used for the diggers, and later for the water entry 

is shown in yellow. The piping will run out onto said slipway, and the stones and larger gravel will aid 

in the distribution of the water across the width of the filter. The exit pipe is shown as a black rectangle. 

In terms of perfectly vertical boundaries between the gravel types and stone, there is a large tolerance 

margin. This is due to the fact that, for such a large filter, distribution will occur regardless. 

 

6.4.1.4.   CO2 emissions and sequestration 

6.4.1.4.1.   Emission 

To calculate the carbon emissions due to the concrete production, the weight must first be calculated. 

The density of concrete is 2400 kg m-3. Hence, for the 42,891.7 m3 this equates to 102,940 tonnes. For 

every tonne of concrete, 1 tonne of CO2 is emitted in production (Concrete CO2 Fact Sheet, 2012). 

Hence, 102,940 tonnes of CO2 is emitted for the filter in this project. Although this is a significant 

amount, this is a one off investment. Concrete is produced widely, and according to the National Ready 

Mixed Concrete Association, transportation costs are considered to be minimal (Concrete CO2 Fact 

Sheet, 2012). 

For the gravel and stones, it assumed it will be sourced from the nearest quarry: Crema Marfil Quarry, 

roughly 125 km from the site (Google Maps, 2019). Lorries can have a volumetric capacity of 90 m2 – 

implying 2,059 lorries worth of trips will have to be done (ETS Logistika, n.d.). A high mpg ratio for 

such a vehicle is 6.53 (Geotab, 2018). Also, 1 litre of burnt diesel emits 2.68 kg of CO2 

(People.exeter.ac.uk, n.d.). Equations 46 can now be used to calculate the CO2 emitted from 2059 lorry 

trips from the Crema Marfil Quarry. 

 

kg 𝐶𝑂2 = 2059 ∗
125 km

(6.53
mile
gallon

) ∗ (1.61
km
mile

) ∗ (0.22
gallon
L )

∗ 2.68
kg 𝐶𝑂2
L

 

 

(46) 

kg 𝐶𝑂2 = 298,222 

The CO2 emissions for the transportation of the gravel is 298 tonnes. 
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Hence, the total emissions for the production of the gravel filter is 103,238 tonnes. 

 

6.4.1.4.2.   Sequestration 

As mentioned earlier in section 5.2.11.2.3.2, cattail sequesters 75 tonnes of CO2 per hectare per annum. 

Hence, for the 28.5 hectare filter, 2,137.5 tonnes of CO2 is sequestered per year by cattail.  

 

6.4.1.5.   Timescale 

Filters of this scale are unique, and therefore there is little information as to how long it may take. 

However, the process as a whole can be compared to that of creating a reservoir – as both require large 

scale excavation and preparation. According to a publication by Cranfield University and the UK 

Environment Agency, it should be assumed that such a project can take up to three years and should be 

started in the summer months. This timescale is the upper limit, as it includes planning, licensing, design 

and construction. It also includes an additional year for any delays (Environment Agency, n.d.). 

 

6.4.1.6.   Possible alternative methods 

It must be mentioned that not every area around the Mediterranean will be willing to grow a cattail 

based wetland. The alternative is to omit the inclusion of reeds. However, this would reduce carbon 

sequestration by 75 tonnes per hectare and is therefore undesirable. 

It can be assumed that an area that can accommodate a new forest, can also accommodate the 

construction of a greywater gravel filter. 

 

6.4.1.7.   Conclusion 

Greywater filtration is a sustainable method of reusing water that would otherwise be incorporated into 

sewage waste. The gravel filters provide a simple and durable method of filtering the water for irrigation 

use. By utilising reed’s CO2 capturing properties, the filter is also able to provide extra carbon 

sequestration for the project. The reeds also drastically increase the filter’s lifespan due to their anti-

clogging capabilities.  
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6.4.3. Housing-to-piping (FB) 

Another system and cost that must be taken into consideration is how the greywater will be collected 

from the houses to the pipeline for transportation to the filtration site. For this, new plumbing within 

the housing and the town will need to be installed to ensure the greywater is not mixed with blackwater. 

The scope of these calculations covers the internal housing plumbing through to the connection to the 

single pipe leading to the filtration site. 

As is the case with the power generation, the Guadalentin Basin will be taken into consideration as an 

example to provide an overview of the potential costing. 

 

6.4.3.1.   Costing 

6.4.3.1.1.   Internal plumbing 

The estimated cost to separate the greywater sources from the toilet water within a household ranges 

from €1044 to €2871, a value that includes materials. The system in question is a branched system. As 

a result, if the greywater flow exceeds the limits, it can be redirected to the sewer system (Curry, n.d.). 

For this project, the lower value of €1044 will be taken into consideration, as it can be expected that 

economies of scale will heavily reduce costs. A value of 2.5 persons per household will be taken to 

determine the number of houses – as this is the Spanish average (ArcGIS, 2018). Equation 47 can now 

be used to determine the total internal cost for installing greywater systems for the Guadalentin towns 

of Lorca and Totana. 

 

𝐶𝑜𝑠𝑡𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 =
𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛

ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑 𝑠𝑖𝑧𝑒
∗ €1044 =

123,700

2.5
∗ €1044 = €51.66 million (47) 

  

6.4.3.1.2.   External plumbing 

To renovate the external plumbing of a household (i.e. from house manhole to gate) is estimated to be 

€1200 for 9 metres (The Building Sheriff, n.d.). An extra 3 metres is added to bring this plumbing 

together with other households in a web-like fashion to create an underground system. Equation 48 is 

used to scale this value up for the 12 metres per household in the area.   

 

𝐶𝑜𝑠𝑡𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙 =
𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛

ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑 𝑠𝑖𝑧𝑒
∗ €1200 ∗

12

9
= €79.17 million (48) 
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The total cost for installing the new greywater system within the two town summates to €130.8 m.  

 

6.4.3.2 Emissions 

For the residential piping diameters, a 110 mm pipe can be deemed to be appropriate (Vandervort, 

2019). As mentioned above in the section above, the external plumbing will be taken to be 12 metres in 

length. For the internal plumbing, an estimate of 10 metres was made. The total extra plumbing length 

per household is therefore 22 m.  

The piping will be made from polypropylene – a commonly available plumbing material. The CO2 

footprint per kg of this material is estimated at 1.63 kg. At a weight of 1.2 kg/m, this results in a CO2 

of 43.03 kg per household (Wassenaar, 2016). At a relevant population of 123,700 and 2.5 people per 

household, the total CO2 footprint for the new residential plumbing is set at 2,129 tonnes. 

 

6.4.3.3.   Timescale 

The timescale for renovating the piping is dependent on the amount of workers employed. Two workers 

require 2.5 days per household for the job (The Building Sheriff, n.d.). Therefore, the total amount of 

working days the renovation would take for two workers is the number of households multiplied by 2.5 

– or 123,700 working days. To reduce this number, a total of 350 people will be employed in total to 

work simultaneously, resulting in a timescale of 707 working days. Due to the amount of working days 

remaining the same, this will have negligible effect on costing. In Spain, 707 working days is 1026 

calendar days, or 34 months (Dias-laborables.es, n.d.). 

 

6.4.4. Water Transport and Power Generation (FB) 

6.4.3.1.   Pump Selection 

The water outflow from the residential greywater installation needs to be transported from Lorca (A) 

and Totana (B) to the filtering site (C), as seen in Figure 50. This requires the use of underground piping 

and pumping. 
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The pump and piping choices are dependent on the flow rate of the water (Q). This is 0.185m3/sec and 

0.043m3/hr for Lorca and Totana, respectively. The assumption is made that the total water produced 

in eachof these towns flows during 16 hours of the day, accounting for the little to no flow during the 

night. Wright Water Engineers Inc. (2011) can then be used to estimate a pump diameter (D) that 

minimises head loss at that flow rate. This was found to be 0.9m and 0.61m for the case of Lorca and 

Totana, respectively.  

Milnes (2010) describes the next step in the design process is assessing the total head (HTotal), given by 

Equation 49.  

 

𝐻𝑇𝑜𝑡𝑎𝑙 = 𝐻𝑠 + 𝐻𝐷 + (𝑃𝑅𝑇 − 𝑃𝑅𝐸𝑆) (49) 

  

PRT and PRES are the pressures on the receiving tank and initial tank, respectively. The difference is often 

considered negligible when pumping water as the difference over a height is minimal, it will be assumed 

as 0 in this calculation. Hs is the physical elevation between inlet and outlet. Terrain maps of the area, 

as in Figure 1, show this to be 14.33m and 99.67m for Lorca and Totana, respectively (Milnes 2010). 

HD is the dynamic head resulting from friction within the system and is given by Equation 50.  

Figure 50 - A map of the area surrounding Lorca and Totana with the maps of the intended 

underground piping seen leaving both towns and arriving at the circled water storage container 

(Topographic Map 2019) 

A 

B

C
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𝐻𝐷 = 
𝐾𝑣2

2𝑔
 (50) 

 

The velocity (v) needs to be calculated. To do this the cross-sectional area of the pipe (A) needs to be 

calculated using Equation 51 (Milnes 2010). Equation 52 can then be used to calculate v. This was 

calculated as 0.636m2 and 0.147m2 for Lorca and Totana, respectively. 

𝐴 =  
𝜋𝐷2

4
 (51) 

 

𝑣 =  
𝑄

𝐴
 (52) 

 

The loss coefficient (K) also needs to be calculated to find HD. This is described in Equation 53 and is 

the combination of losses resulting from the fittings within the system and from the pipe itself (Milnes 

2010). 

 

𝐾 = 𝐾𝑓𝑖𝑡𝑡𝑖𝑛𝑔𝑠 + 𝐾𝑝𝑖𝑝𝑒 (53) 

 

Kfittings is associated with the fittings used in the pipework. In the case of Lorca and Totana the fittings 

used and their respective Kfittings value can be found in Table 29. The entrance and outlet are required 

for obvious reasons, the non-return valve is included to ensure there is no backflow, the number of 

required bends are estimated based on the pipe diagrams drawn on Figure 50. 

 

      Table 29 - Kfittings values for the Lorca and Totana pipelines (Milnes 2010) 

 No. of Items  Item Total 

Fitting Items Lorca 

pipeline 

Totana 

pipeline 
Kfittings value 

Lorca 

pipeline 

Totana 

pipeline 

Pipe Entrance 1 1 0.05 0.05 0.05 
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90⁰  Bend 1 0 0.75 0.75 0 

45⁰  Bend 1 1 0.3 0.3 0.3 

Non-Return Valve 1 1 1 1 1 

Bellmouth Outlet 1 1 0.2 0.2 0.2 

Total    2.3 1.55 

 

Kpipe is associated with the friction losses in the straight lengths of pipe. It is given by Equation 54. 

𝐾𝑝𝑖𝑝𝑒 = 
𝑓𝐿

𝐷
 (54) 

 

The pipe length (L) can be approximated from the pipelines drawn on Figure 50 and the frictional 

coefficient (f) can be calculated using Equation 55. 

 

𝑓 =  
0.25

[log(
𝑘

3.7 × 𝐷
+ 
5.74
𝑅𝑒0.9

)]2
 (55) 

 

The pipe roughness factor (k) is standard for a material, so as the Lorca and Totana pipelines will be 

made from PVC, due to the its wide use in industrial water supply projects (Drainage Sales n.d.). This 

means that k is equal to 0.0015mm in the case of the Lorca and Totana pipelines (Pipe Flow 2019). The 

Reynolds Number (Re) is found using Equation 56. 

 

𝑅𝑒 =  
𝑣𝐷

𝜗
 (56) 

 

The kinematic viscosity (ϑ) is a constant for water that is equal to 1.31x10-6 m2/sec. This means that the 

Reynolds numbers for the Lorca and Totana pipelines are 1.99x103 and 68.45x103, respectively. This 

provides the final unknown and allows f, Kpipe, K, HD and HTotal to be calculated in turn using Equations 

55, 54, 53, 50 and 49 and can be found in Table 30. 
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Table 30 - Results of the friction coefficient, loss coefficients and head in the Lorca and Totana pipeline 

Calculated value Lorca pipeline Totana pipeline 

Friction coefficient, f 0.0155 0.0194 

Pipe Loss Coefficient, Kpipe 74.1 785.3 

Loss coefficient, K 76.4 786.85 

Dynamic head, HD (m) 0.32 0.87 

Total head, HTotal (m) 14.65 100.54 

 

The pump must then be selected so that it can overcome the HTotal at the given Q. This is done using a 

centrifugal pump curve, as seen in Figure 51. The Lorca pipeline has a Q value of 664.34m3/hr and a 

total head of 14.65m to overcome, this is possible with an Capari NC250-400 350mm diameter 

centrifugal pump running at an efficiency of 85%. The higher total head to overcome in the Totana 

pipeline means that two Capari NC 250-400 408mm diameter centrifugal pumps running at 75% 

efficiency will be necessary in series, as this sums the total head of each (The Engineering Toolbox 

2004). The red line in Figure 51 highlights this analysis. 

Figure 51 - NC 250-400 Centrifugal pump diagram annotated with the pump configuration required 

for the Lorca and Totana pipelines (Caprari 2008) 
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The final check necessary before selecting the NC250-400 pumps is ensuring that they can provide the 

necessary power at the efficiency that they’ll be running at. It can be calculated for each pump using 

Equation 57. Density (ρ) is 1000kgm-3 for water. 

 

𝑃 = 
𝑄 × 𝐻 × 𝑔 ×  𝜌

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦
 (57) 

 

The power requirement for the Lorca pump is therefore 31.3kW, and the combination of the two parallel 

pumps for the Totana pipeline is 56.5kW. This means the system will require 87.8kW. 

The pumping system for the Lorca and Totana pipeline to the water storage facility and then the 

pumping system to transport this water to the irrigation system, as discussed in Section 5.2.12, is 

detailed below in Figure 52. 

 

 

 

 

 

 

 

 

 

 

 

6.4.3.2.   Providing Power 

The 87.8kW power requirement for the Lorca and Totana pumps are combined with the 2618kW power 

requirement from the irrigation pumps, thus equating to 23709MWh yearly. This need will be satisfied 

by clean energy, more specifically solar power. Solar panels average 2.56MWh/ m2yr and therefore 

9261m2 of solar panels are required to meet this need (Rehman et al., 2007). If we assume that house in 

the region have a rooftop coverage of 200m2, then this could be achieved by installing 47 homes in 

Lorca or Tortana with solar panels. This will be the method employed in this project. 

Figure 52 - Pump diagram for the Lorca and Totana pipelines and the irrigation system 

Totana 

Lorca Water storage 

Irrigation pumps 
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6.4.3.3.   Cost 

The cost of this section of the project can be found in Table 31. This covers the initial investment costs, 

if properly installed then the pipeline maintenance should be minimal, however the solar panels would 

need to be replaced after 25 years (Markham 2015). 

 

Table 31 - Cost of installation for the water pumping and power generation system 

 
(1) Awating quote from Caprari, so market rate for a centrifugal pump taken with 1.5x multiplier 

for safety of calculation (Complete Pump Supplies 2019) 

(2) Construction Rates (no date) 

(3) Greenmatch (2018) 

 

6.4.3.4.    Sustainability  

The cost of the project in CO2 and water use can be found in Table 32 Water use is minimal, and CO2 

is small in comparison to the total sequestration of the project. 

 

Table 32 - Cost of the project in terms of CO2 emissions and water use 

Equipment CO2 emissions (tonnes CO2) Water Use (L) 

Pumps 13.77 (1) 0 

Pipelines 13,736 (2) 0 

Solar Panels13749.77 72x10-6/ kWh (3) 0.11/ kWh (4) 

 

(1) The estimated manufacturing cost of carbon by weight (Carbon Trust 2011) and the transport 

1373km from Italy (Davies n.d.) 

(2) NACAP (2010) 

(3) Solar Innova (no date) 

Equipment  Cost (€) 

Pumps 7156 (1) 

Pipelines 320,472 (2) 

Solar Panels 2,604,656(3) 
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(4) Energy Matters (no date) 

 

6.4.4.5.   Timescale 

The only limiting factor with regards to the pumps and solar panels in sourcing of the material, as the 

installation of each should take no more than a few days, or a few weeks at most for the panels. The 

primary delay is the installation of the pipelines. If previous project such as the Ashland Resevoir Tank 

Replacement Project in Denver in Salas (2018) are considered, then with three teams, two on the Totana 

pipeline and one on the Lorca, then the Lorca line could be finished in 24 weeks and the Totana in 68 

weeks. This would give the suppliers of the pump and solar panels sufficient time to deliver the relevant 

materials. 

 

6.4.5. Water Storage (FB) 

Using the equations from the Section 5.2.11.3 for the dimensions and costs of the storage reservoir, the 

following details were calculated for the final design based on the maximum 1,974,000 m3 of water 

needed. 

 

6.4.4.1.   Radii 

Using Equation 58 for the radius of the centre of the reservoir: 

𝑟𝑐𝑒𝑛𝑡𝑟𝑒 = √
1,974,000

3 m ∗ 𝜋
= 𝟒𝟓𝟕. 𝟕 𝐦 

(58) 

  

Adding the 10 m for the slope to determine the outer radius results in 467.7 m. Figure 53 displays an 

aerial view of the final design. 
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6.4.4.2.   Cost 

  

Reservoir cost =

(

 
 
𝜋 m((√

1,974,000

3 m ∗ 𝜋
+ 10)

2

+(√
1,974,000

3 m ∗ 𝜋
+ 10) ∗ (√

1,974,000

3 m ∗ 𝜋
)+

1,974,000

3 m ∗ 𝜋
)

)

 
 
∗
€1.40

m3
   

= (𝜋((467.7)2 + (467.7) ∗ (457.7) + 209447.9)) ∗
€1.40

m3
= €𝟐. 𝟖𝟐𝟓 𝐦 

 

(59) 

 

  

6.4.4.3.   Emissions 

 

Reservoir CO2 =

(

 
 
(𝜋(√

𝑉𝑤𝑎𝑡𝑒𝑟
3 m ∗ 𝜋

+ 10.44 m)

2

) ∗ 0.1 m

)

 
 
∗ (2.4

tonnes

m3
)

= 𝟏𝟔𝟓, 𝟐𝟑𝟗 𝐭𝐨𝐧𝐧𝐞𝐬 

(60) 

 

  

6.4.4.4.   Timescale 

6.4.4.4.1.   Construction 

As is the case for the greywater filter, it must be assumed the reservoir will take three years to create. 

 

Centre circle 

Slope 

467.7 m 

457.7 m 

Outlet to irrigation Inlet from filter 

Figure 53 - Aerial view of Guadalentin Reservoir. Note: not to scale. 
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6.4.4.4.2.   Filling of reservoir 

The timescale to fill the reservoir is dependent on the rainfall and greywater flow. As mentioned earlier, 

the average rainfall in the Guadalentin Basin equals 300 mm, or 0.3 m, a year. Furthermore, the average 

rate of evaporation in the area is 0.21 mm per day, or 0.0767 m a year (Sanchez-Lorenzo et al., 2014). 

The difference between the two is the annual water gain due to non-greywater sources, and equates to 

0.2998 m. Multiplying this by the area and including the greywater addition gives the net annual water 

gain for the storage reservoir, given by Equation 61 below. This relates back to Equation 29. The value 

for greywater addition was defined as 14,250.2 m3 per day, or 5,201,337 m3 annually, in earlier sections. 

 

𝑉𝑔𝑎𝑖𝑛,𝑎𝑛𝑛𝑢𝑎𝑙 = ((0.3 m − 0.0767 m) ∗ (π(467.7)
2)) + (5,201,337 𝑚3)

= 5,354,789.3 m3 

(61) 

 

 

  

The volume of the reservoir can be defined as the total cost (€2.825 million) divided by the cost per 

unit volume (€1.4/m3), resulting in a volume of 2,017,841 m3. 

Hence, filling the reservoir will take 0.38 years, or 4.5 months – although this will differ slightly 

depending on the time of year. 

Hence, the total timescale for the reservoir, from planning to filling, is 4.5 months.  

 

6.4.6. Irrigation System (NL) 

As mentioned in Section 5.2.12 the amount of water required for citrus trees is approximately 5.6 ML 

ha-1, using the irrigation schedule shown in Table 22, the drip irrigation scheduling table using the 

maximum water requirements for mature citrus trees can be shown below in Table 33 Due to the 

addition of the LNC, the water requirements will be halved so each irrigation will use 27 gallons which 

results in 4.5 hours the system will be operating for with 6 emitters surrounding each tree. 
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Table 33 - Maximum water requirements for mature citrus trees 

 Number of 

irrigations 

per month 

Water 

requirements 

(L) 

LNC addition 

water 

requirements 

(L) 

Water 

use per 

irrigation 

(L) 

Water use 

per 

irrigation 

(Gal) 

Hours 

system is 

on for per 

irrigation 

For 1 tree 80 19649 9825 122.8 27 - 

For 1 ha - 5600000 2800000 35000 7699 - 

For GB 0 9800000000 4900000000 - - - 

Jan  2 491 246 122.8 27 4.5 

Feb 2 491 246 122.8 27 4.5 

Mar 4 982 491 122.8 27 4.5 

Apr 4 982 491 122.8 27 4.5 

May 6 1474 737 122.8 27 4.5 

Jun 6 1474 737 122.8 27 4.5 

July 14 3439 1719 122.8 27 4.5 

Aug 14 3439 1719 122.8 27 4.5 

Sep 14 3439 1719 122.8 27 4.5 

Oct 6 1474 737 122.8 27 4.5 

Nov 6 1474 737 122.8 27 4.5 

Dec 2 491 246 122.8 27 4.5 

 

 

6.4.5.1.   Pump Selection 

The selection of the pump for the drip irrigation system will be very similar to the selection of the pump 

for the greywater system, using the same process as the one in section (pump generation section), a 

pumping system can be determined for the drip irrigation system. To determine the pumping 

requirements for the Guadalentin Basin, the flow rate must first be calculated. If a citrus tree has a 

canopy diameter larger than 15 ft then there would be 6 emitters around 1 tree and this can be used to 
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calculate the maximum flow rate required. With an area size of 1750 hectares, the maximum flow rate 

can be calculated to be 2,992,500 GPH which can be converted to be 1.2 m3  s-1. Wright Water Engineers 

Inc. (2011) can then be used to estimate a pump diameter that minimises head loss at that flow rate 

which was found to be 1.07 m. This is the size of the piping from the pump to ensure this amount of 

flow rate. Using the value for the pump diameter, the velocity of the flow can be calculated to be 1.33 

m s-1. After calculating the loss coefficient, the total head can be calculated to be 65.25 m. From these 

specifications, the most suitable pump system for the drip irrigation system would be to have 3 of the 

800S-76 centrifugal pumps in parallel to provide the required flow rate for the system. Table 34 shows 

the values for each of the variables used in selecting a pump. 

 

Table 34 - Calculated values used in selecting a pump for the drip irrigation system 

Variable Value 

Q (m3 s-1) 4534.72 

Q (m3 s-1) 1.2 

D (m) 1.07 

A (m2) 0.9 

v (m s-1) 1.33 

Kfitting 1.25 

Re  1.09x106 

f 0.011 

Kpipe 36.26 

K 37.51 

HD (m) 3.38 

HS (m) 61.87 

H (m) 65.25 

Efficiency (%) 85 

Power (kW) 872.89 

 

6.4.7. Growboxx 

The Growboxx requires a sapling to be planted around. The irrigation will provide water to the plants 

but the addition of the Growboxx will allow for increased safety and reduce the risk of failed growth. 

A planting machine is the recommended solution. A team of 3 members can plant up to 5000 trees a 
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day with this machinery (Groasis, 2018). The requirement over 1750 ha is 500,000 trees. Thus, using a 

team of 3 and a planting machine then the orchard can be constructed in 100 days.  

 

6.4.7.1.   Carbon Cost 

 

Table 35 - Tabulation of the carbon cost of the application of Growboxx technology across the 

Guadalentin Basin 

Resource Carbon Cost per unit 

(Production and transport 

and usage)/kg 

Carbon Cost for the 

project/tonnes 

Growboxx 1.4 (Davies, n.d.) 700 

Diesel  5600 (FarmingForum, 2014) 5.6 

Total  706 

 

This is under the assumption that the manufacturing carbon cost of the tractor is not taken into 

consideration. As well as this it is assumed the saplings will have taken in enough carbon to break even 

on their transport costs.  

 

6.4.7.2.   Monetary Cost  

 

Table 36 - Tabulation of the monetary costs associated with installing a Growboxx 

Resource Cost per unit 

(Production and transport)/ € 

Cost for the project/€ 

Growboxx 5   2,500,000 

Tractor 30,000 (Small Holders 

Equipment, 2019) 

30,000 

Diesel  4.5 (per Gallon) (Global Petrol 

Prices, 2019) 

3,200 
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Labour force of 5 30,000 (per year)  (Expatica, 

2018) 

50,000 

Citrus Saplings  36 (Gardening Express, 2019) 18,000,000 

Total   20,583,200 

 

When planting an orchard saplings either one or two years old, known as whips, are used as they take 

to the soil far more easily than older trees without the risk of being blown away (Wisconsin DNR 

Forestry Nursery, 2018).This however means the saplings are relatively expensive. However, if 

arrangements with plant nurseries are made in advance then a bulk discount could be achieved.  

 

6.5. Financial Considerations (GS) 

6.5.1. Future of the Basin 

Without intervention the land within the basin will continue to degrade, due to the actions described in 

Section 3.2. The degradation processes and actions mitigating them are felt through time either linearly 

or nonlinearly. With a series of dynamic processes and links, the value of the ecosystem services should 

be done in a non-static way through time. This means the discounting rate is crucial for the plan, a value 

of 0.5 percent is suggested by Nkonya et al., (2011). 

Due to the impact of degradation the basin could easily enter the cycle in Figure 54 where a positive 

feed back loop is generated reducing the value of land, crop production and net worth of the people 

owning the land increasing the rate of degradation.  
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   Figure 54: Feedback loop due to desertification (Nkonya et al. 2011) 

 

Therefore, the plan is aimed at reducing the likelihood of this happening. The benefits of the basin 

becoming more secure to droughts and other events that may cause a cascade in degradation should be 

factored into the positive benefits even though the monetary value is intangible. 

 

6.5.2. Income 

In order to estimate the profit from the plan in the Guadalentin basin several factors are to be considered. 

Firstly, income forgone by farmers because of desertification. Secondly a source of profit is the carbon 

credit system implemented by the Kyoto principle.  

 

6.6.2.1.   Income Foregone 

Desertification leads to poor growing conditions for crops, this in turn leads to a lower yield for farmers, 

this in turn means less food can be exported or sold, thus the tax revenue for the government and the 

economy suffer.  

 

6.6.2.1.2.   Crops 

When choosing which type of land to regenerate the decision will be based on carbon sequestration and 

the amount of revenue any produce grown will produce. Crops provide a good source of funding for 

any attempted projects whilst sequestering carbon.  
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From the land breakdown, the agriculture is within the Guadalentin basin is broken down into the 

following criteria, highlighted in Table 37. 

 

Table 37 - Breakdown of agriculture within the Guadalentin Basin 

Type of agriculture Area (km2) 

Heterogeneous agriculture  600 

Non-irrigated arable land 480 

Orchards 290 

Irrigated arable land 260 

 

The biomass estimates of the crops from Section 6.1.2.4 were used to calculate the income forgone. An 

assumption used during the biomass section was all crops would be taken as wheat. In actuality this is 

not the case and there will be multiple crops within the basin however as wheat is a common crop it 

will do as an estimate (Johnson, 2016). 

Section 5.5.1. states that by optimization of the soil and agricultural practices a 500kg increase per 

hectare of wheat can be achieved. As of 05/01/2019 wheat was priced at 206.75 Euros per tonne 

(Business Insider, 2019). Thus, per hectare and average extra profit of 103 Euros can be achieved. 

Therefore, if the 1150 km2 of arable land could be used to field wheat then an additional profit of 

€11,854,000 per year could be generated.  

 

6.6.2.1.2.1.   Planting on Bare Land versus Land Optimization 

When optimizing land depending on the state of desertification the inputs required will vary. Figure 55 

summarises this phenomenon.    

 

 

 

 

 

Figure 55: Showing inputs required to reverse desertification 
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Even though rehabilitation requires the most resources it also generates the most reward in terms of 

profit margin. Due to the relatively low discount rate of half a percent and with careful choice of 

technologies, rehabilitation should provide the profit margin for the project to run by producing new 

agricultural land. For this yearly surplus of profit should go toward land optimization or reforestation.  

 

6.6.2.1.2.2.   Intangibles 

Land degradation also has worth to the people that live in the basin. The project will impact the range 

of activities that people can undertake on the land and the range of services provided by the land. The 

improvement of the soil within the basin means a larger number of species will be able to be grown on 

the land, thus increasing options available. As well as this means the intrinsic value of the land will 

increase or at least not decrease (Nkonya et al., 2011). 

 

6.5.3. Carbon Credits 

When the Kyoto principle was passed developed countries were assigned a number of units allow the 

emittance of one metric tonne of carbon. The country then sets quotas on the emissions of organisations 

and businesses. If a company is in need of credits, they can be purchased off other company. This has 

been adopted by all countries in the EU. The Kyoto principle has many flexible mechanisms; thus, a 

country can sponsor a greenhouse reduction project in another nation. From this the sponsoring country 

would be given the carbon credits and the developing country would receive the capital investment. 

These deals usually happen between businesses (Kenton, 2018). The price of a carbon credit is currently 

€18.5 as of 24/10/2018 (Market Insider, 2018). 

Using the figure of 1,709,853 tonnes of carbon dioxide per year which is the figure if the whole of the 

basin was reforested and optimized and a price of €18.5 would give a total of €31,632,280 once the 

project is running at maximal efficieny.
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6.6. Dependency Tables 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 56 shows how the citrus tree plantation phase of the project needs to be structured to ensure optimal efficiency of planning, as some activities require 

more time than other for completion. 

Figure 56 - Describes the dependencies of the actions that need to be taken as part of phase one of the Guadalentin Basin plan 
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Figure 57 describes the phase two stage of the plan in the Guadalentin Basin and how the actions need to be structured to maximise the efficiency of planning. 

 

 

 

 

Figure 57 - Describes the dependencies of the actions that need to be taken as part of phase one of the Guadalentin Basin plan 
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6.7. Gantt Chart 

6.7.1. Phase 1 Gantt Chart 

 

 

 

Figure 58 - Phase 1 Gantt Chart highlighted the work breakdown for the citrus tree plantation phase of the project. The legend can be found in Figure 60 
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6.7.1. Phase Two Gantt Chart 

 

 

 

 

 

 

 

 

 

 

Figure 59 - Gantt Chart highlighting the work breakdown for the second phase of the project The legend can be found in Figure 60 
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Figure 60 - Legend for the Gantt Charts found in Figure 58 and 59 
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7. Scaling the Project to the Mediterranean 

The Guadalentin Basin represents 0.053% amount of area within the Mediterranean. This project takes 

around 30 years to complete. If an identical project in a different location were to start after the 

Guadalentin Basin project reached its conclusion and this cycle was repeated it would take 57,000 years 

to be carbon neutral over the Mediterranean basin. This is over the 2055 target proposed. However, if 

this project is successful then projects at the sentinel sites could begin immediately and new sentinel 

sites placed. However, 1,900 projects of the same size will be needed to become carbon neutral. This 

project reforested 11,025ha of land, thus in order to make the Mediterranean carbon neutral would take 

the reforestation of 2,000,000 hectares.  

 

8. Financial Changes 

8.1.   Plan outline  

8.1.1. Costing  

Tables 38 and 39 show the outgoings of the project. An initial input of €70 million is required. Once 

the project is underway and the trees are fully matured the project have contributed the value of initial 

cost into the economy of the region in 3 years.  

 

                 Table 38 - Table of outgoings for the project 

Technology Initial Cost 

(€) 

Upkeep cost 

(€) 

Greywater  36,614,709 - 

LNC  2,378,250 - 

Drip Irrigation 4,000,000 84000 

Planting 20,583,200 90,000 

Water Storage 2,825,000 - 

Precision farming 60,500 50,000 

Power generation 2,926,284 - 

Mulching 18,262 18,262 

Fertilizer 8,000 16,000 
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Sewage system 130,830,000 - 

Total 200,244,205 258,262 

 

 

Table 39 - Showing income to the project after it has matured 

Source of money Profit (€) 

Carbon Credits  615,125 

Revenue from lemons(1)  35,000,000 

Profit per year  35,615,125 

Income per year  35,356,863 

(1) From section 5.5.3. 

 

After the initial loan has been paid back then the additional money being generated will fund the 

reforestation program. This means after 6 years plus the 5 years to complete the plan and 3 (De Jauregui, 

2018) years for the trees to begin to produce fruit. This means after 14 years €35 million will become 

available for use in section 2 of the plan.  

 

Table 40 - Carbon Cost 

Technology  Initial Carbon 

Cost  

Upkeep cost   

Greywter  103,238 0 

LNC  27,841.60 0 

Drip Irrigation 2 0 

Planting 750 0 

Water Storage 165,207 0 

Prescision farming 0 0 

Power generation 1707 1707 
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Mulching 0 0 

Fertilizer 5 10 

Sewage 2,130 0 

Total 300,881 1717 

 

From Section 6.1.2.2. the orchard sequesters 19 tonnes of carbon dioxide per hectare (Bwalya, 2012) 

which means 33,250 tonnes of carbon dioxide are sequestered by the entire area of the orchard per year. 

Therefore, the net flux is 31,533 tonnes of carbon dioxide per year out of the atmosphere for the orchard.  

This leaves the basin 92,750 tonnes short of carbon sequestered per year.  

 

8.1.2.   Planting Pine Forest 

For the second stage of the plan a pine tree is to be planted in order to achieve the sequestration goals. 

A pine forest sequesters 10 tonnes of carbon per year, thus a forest 9,275 hectares will have to be 

planted. From Section 6.1 there is 33,000 hectares of open space available to reforest in.  

In a hectare 1000 is a low estimate of pine trees that can be planted.  

 

Table 41 - Cost and carbon cost of reforesting pine 

Procedure Cost €/ha Carbon Cost t/ha 

Growboxx 5,000(1) 1.4(1) 

Labour 50(2) 0 

Fuel 70(3) 60(4) 

Saplings 60,000(5) 0 

Total 65,130 61.4 

(1) (Groasis, 2018) 

(2) (Expatica, 2018) 

(3) (FarmingForum, 2014)  

(4) (Fuel Economy, 2009) 

(5) (AngiesList, 2018) 
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Thus, an area 9275 hectares will cost €600,000,000 to reforest. Therefore, this is achievable with 20 

years’ worth of profit. Once complete the annual income from the carbon credits will be €1,700,000.  

470,000 trees can be planted each year. Therefore 15 workers operating 5 machines can achieve this 

in 19 days per season.  

 

9. Risk Analysis (FB) 

9.1. Description 

Risk assessment is an essential part of any project to evaluate any possible areas of weakness that may 

result in failure. Fault Tree Analysis, or FTA, is a tool used in risk assessment to visualise the methods 

in which a process, product or project can fail. The failure is listed as the top event, and the conditions 

for failure, which are connected by AND/OR gates, are shown below. It is based on British Standards, 

such as BS EN 31010:2010 Risk Management – Risk assessment technique. The components of Fault 

Tree Analysis are explained in Table 42 (Vorley, 2018). 

 

Table 42 - Fault Tree components and descriptions (Vorley, 2018) 

Symbol Title Description 
 

Top Event 
The top event is listed as the main failure. All other 

events lead up to this.  

 

Base Event 

As the name implies, base events are at the very 

most basic level. There are no specific events leading 

up to it, i.e. it cannot be broken down further, and 

can be considered unexpected.  

 

Undeveloped 

Event 

This event does not have a major impact on the 

subsequent event, and often there is little information 

about it as well.  
 

Intermediate 

Event 

This event is leads up to other event(s), and has 

event(s) below it in the fault tree as well. 

 

Expanded 

Event 

This event is often complicated and requires its own 

Fault Tree Analysis. This avoids having one highly 

complex fault tree. 
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And Gate 
All events leading into the bottom of this gate must 

occur for the upper event to take place 

 

Or Gate 
Only one event leading into the bottom of this gate 

must occur for the upper event to take place 



Reforestation and Reversing Desertification around the Mediterranean Group 2 

141 

 

9.2.   Fault Tree Analysis Reforestation Project  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fault Tree Analysis for It can be seen in Figure 61  that “Project Startup Failure”, “Socio-Economic Failure” and “Water Failure” are defined as Expanded 

Events and therefore require their own FTA.

Figure 61 - FTA for Project Failure 
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Figure 62 - FTA for Project Startup Failure 

As public protest does not guarantee a Project Startup Failure, it is listed as an Undeveloped Event in Figure 62. The remaining events, such as “Planting issues” 

and “Insufficient funds”, can be avoided with proper planning and management systems.  
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An unexpected extended drought has the ability to result in project failure. However, due to the availability of other water sourcing technology, it is listed as 

Undeveloped Event in Figure 63. In other words, although a drought increases the chances, it does not guarantee the project will fail. 

Figure 63 - FTA for Water Failure 
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Figure 64 - FTA for Socio-Economic Failure 

 

From Figure 64 it can be seen that the project’s success relies on the continuation of funding, as well as a lack of negative public interference. Fortunately, a 

large amount of vandalism, water pollution or ground pollution would have to take place for there to be significant effect environmental dam.
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9.3.   FTA Conclusion 

The majority of the failure base events listed are mitigated due to the method in which the locations, 

species and technologies are chosen. Such base events include, but are not limited to, “Incorrect species 

chosen” and “Rocky soil”. Other events, such as “Vandalism” and other breakages are inherent to any 

sort of project and cannot be avoided. The financial risks, such as subsidy and grant reductions, can be 

considered improbable due to the method in which the project is setup. By considering long-term profit 

as one of the project requirements, it is unlikely that investments will be removed. In conclusion, the 

FTA diagrams provide an overview of the possible risks that can lead to project failure. However, 

through careful considerations of technologies and materials, the likelihood of such failures are reduced 

to the best of the planning’s ability. 

 

10.    Sustainability 

10.1. Life Cycle Assessment (MT) 

10.1.1.    Introduction 

Life Cycle Assessment (LCA) is an environmental management tool used to assess the environmental 

impact of products and services. The intent of the assessment to gather a holistic view of the product or 

service from ‘cradle to grave’, or material extraction until disposal. This ensures that environmentally 

damaging hot spots in the process can be identified and corrected without shifting the environmental 

burden to other stages of the process (VITO, 1995).  

An LCA begins with a definition of the goals and scope of the study, an assessment of the current 

situation or inventory analysis, assessing the impacts of the current situation and an improvement phase. 

In the case of this project and LCA will be used to assess the initial project in the Guadalentin Basin, 

highlighting the environmental impact of the project. The methodology and figures will then be scaled 

up to estimate the total environmental impact the project would have across the Mediterranean Basin, 

however each country or area applying the technologies and management methods in this report would 

need to complete their own LCA to highlight regional differences between the countries. The 

methodology would be identical to that being followed for the Guadalentin Basin. 

 

10.1.2.   Goal Definition and Scoping 

This is the planning phase of the assessment in which the purpose, deliverables, functional unit and 

scope are agreed upon by the stakeholders (VITO, 1995). 

 In the case of the Guadalentin Basin the purpose of the study is to assess the environmental impact of 

competing technologies in reversing desertification and reforesting an area. A functional unit is a 
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performance metric for the system and is essential as it allows for comparison between competing 

products or services (VITO, 1995). In the case of the Guadalentin Basin the functional unit will be 

defined as ‘1ha of reforested citrus trees’.  This would need to be amended if a different area within the 

Mediterranean Basin plants was to use different trees or crops. The scope is defined with respects to 

geography, time and depth. The geographical scale will be defined as the Guadalentin Basin, the time 

horizon will contain those technologies currently available capable of reversing desertification and 

reforesting an area and cover an operational time of 50 years, as this is sufficient to assess the production 

and operating effect of a technology. The depth will include all technologies deemed feasible by the 

QFD analysis and the boundary of the system, in the case of the Guadalentin Basin this will be a cradle 

to gate (50 years operation) approach for each technology. The depth of the inventory analysis will 

however be limited to emissions and fresh water reserves, as the resources in the project were limited 

and these were deemed the key issues indicating water shortages in the Guadalentin Basin region 

(Ezquerro et al. 2017). A full LCA would fully consider effects such as ocean acidification, 

eutrophication, biodiversity loss and ozone layer depletion.  

 

10.1.3.   Inventory 

The inventory phase of the LCA involves the identification and quantification of all material flows, 

energy flows and waste streams from cradle to grave. The full life cycle of a product or service and the 

typical inputs and outputs associated with their production can be seen in Figure 65 (VITO, 1995). 

 

 

 

 

 

 

 

 

 

 

Figure 65 - Life cycle of a product with its associated inputs and outputs (VITO, 1995) 
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Table 43 - Inventory analysis of the currently available technologies for reversing desertification and 

reforesting the Mediterranean 

 

 

(1) The typical carbon emissions from a Link-Belt 240 X2 excavator (Deere 2009) to move 1613m3 of 

earth (Wei et al. 2016) 

(2) The litres of diesel required to move the earth was first calculated (Davies n.d.). The typical energy 

expended by was then calculated (Deep Resources 2012) 

(3) Negligible CO2 and energy emissions associated with transport of seeds, food and labour 

(4) This is the water requirement for Alfalfa, a typical type of grass used in erosion protection (Bauder 

1978) 

Technology CO2 emissions (kg) Energy used (MJ) Water used (ML) 

Terracing 363 (1) 4863 (2) Negligible 

Tillage along 

contour lines 

Negligible (3) Negligible (3) Negligible 

Cover crops Negligible (3) Negligible (3) 22.5 (4) 

Fallow Band 

System 

Negligible (3) Negligible (3) 22.5 (4) 

Mulching Negligible (3) Negligible (3) Negligible 

Liquid NanoClay 1436 (5) 20266 (6) 0.4 (5) 

Leaching 16 (7) 216 (8) 0.08 (9)  

Grey Water 58,993 (10) 832544 (6) 47.25 (11) 

Water Storage 94,422 (12) 1332540 (6) 217.35 (11) 

Irrigation Pots 9,000 (13) 778,400 (14) 32.5 (15) 

Drip irrigation 7.907 (16) 1,160,000 (17) 280 (18) 

Precision Farming Negligible (19) Negligible (19) Negligible (19) 

Growboxx 403 (20) 3,687 (6) 0.56 (21) 

Waterboxx 1763 (22) 19,283 (6) 0.56 (21) 

Power generation 44,243 (22) Negligible 1.5 (22) 
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(5) As discussed in Section 5.2.10 

(6) Estimated based on the litres of oil required (Davies n.d.) and subsequently the energy burnt by an 

assumed oil based power plant (Deep Resources 2012) 

(7) The CO2 emissions emitted by the heavy duty vehicle used to transport the 40 tonnes of water an 

estimated 10km to the citrus field that need the initial leaching process (Transport Research 

Laboratory 2009) 

(8) The litres of diesel required to transport the water (Davies n.d.) converted to energy burnt (Deep 

Resources 2012) 

(9) Typical leaching depth in 0.4cm/ soil depth in the region (Khosla et al., 1979). The Basin has 200cm 

soil depth (SoilGrids n.d.), so water can be calculated across a ha 

(10) As discussed in Section 5.2.11.2 

(11) Estimated based on a 35% water content in cement (Somayaji 2001) 

(12) As discussed in Section 5.2.11.3 

(13) An estimate of CO2 emissions for a cubic foot in a kiln, as this is approximately the space a pot 

would cover (Joyal 2011) 

(14) An estimate of energy burnt by firing the kiln based on the weight of the pots (United Nations 

Centre for Human Settlements 1995) 

(15) Water required to form the clay (Donovan 1989), combined water requirements in Section 5.2.12 

(16) The CO2 emissions during the production process of the system and the pumping of the water during 

the operation (Guiso et al., 2016) 

(17) This is a typical value in the area (Soto-García et al. 2013) 

(18) As seen in Section 5.2.12 

(19) An electric drone is assumed to have negligible inputs on the scale of numbers so far recorded 

(20) The Growboxx is created from recycled paper and therefore the CO2 emissions during production 

are available (Frojen 2003). The transport costs from Groasis® to Spain is calculated from the 

distance from the Groasis® site and the typical shipping emissions (Davies n.d.) 

(21) Groasis® claim that their products reduce irrigation needs by 90%, this is therefore taken as their 

water use (Groasis n.d.) 

(22) This is based on an LCA of a similar polypropylene tree shelter (Arnold and Alston 2012) 

(23) As discussed in Section 5.2.14 

 

The recorded inputs to the Guadalentin Basin system will be the energy burnt and water used throughout 

the life cycle. The outputs recorded in the Guadalentin Basin system will be CO2 as a measure of air 

emissions, and waste products produced as a measure of waste. The inclusion of CO2 is representative 

of air emissions as they equate to the most common and most environmentally damaging greenhouse 

gas (US EPA, 2018). The values of these metrics for each technology can be found in Table 43. 
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10.1.4.   Impact Assessment  

The impact assessment contextualises the inventory analysis in terms of environmental impact resulting 

from each input and output. This stage is split into five phases; Definition, Classification, 

Characterisation, Normalisation and Valuation (VITO, 1995) 

 

10.1.4.1.   Definition  

The effects resulting from the inventory are identified and categorised (VITO, 1995). In the case of the 

Guadalentin Basin the primary environmental effects resulting from the gathered inventory are quality 

fresh water reserve and global warming.  

 

10.1.4.2.   Classification 

This stage links the inputs and outputs of the system to the environmental effects (VITO, 1995). The 

case for the Guadalentin Basin can be seen in Figure 66. 

 

 

 

 

   

 

10.1.4.3.   Characterisation  

The links between emissions and resource use then need to be quantified. In a full LCA this would be 

achieved with the use of potentials. In the example global warming each CO2, CH4 and N2O may all 

contribute to the final effect, but the severity is different. Table 44 highlights the potentials that would 

be used in Equation 1 to calculate the effect of each emission towards global warming  

Figure 66 - Classification stage of impact assessment 

C02 emissions 

Energy burnt  

Water use 

Quality Fresh Water Reserves 

Global Warming 
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𝐺𝑙𝑜𝑏𝑎𝑙 𝑊𝑎𝑟𝑚𝑖𝑛𝑔 (𝑘𝑔 𝐶𝑂2 −  𝑒𝑞𝑖𝑣 = (∑𝐺𝑊𝑃𝑖)   ×  𝑎𝑖𝑟 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 (𝑘𝑔) (62) 

  

In the case of the Guadalentin Basin, CO2 was the only recorded emission and with a potential of 1 and 

total air emissions of 207,404kg CO2, the global warming is therefore still 207,404kg CO2 eq. This is 

calculated using Equation 62. 

There is no recognised equivalency for depletion of water reserves available and therefore further work 

in the project could include producing an equivalency for use in later sites. In the case of the Guadalentin 

Basin the water use will be evaluated as a straight figure as the functional unit ensures comparison is 

accurate. The total water over the LCA is 547.06ML. 

 

10.1.4.4.   Normalisation 

The normalisation stage is optional but contextualises the data so that it is specific to the region of 

interest. If a problem is prevalent in a certain area, then the normalisation factor is higher. The work 

undertaken in the Mediterranean Basin will allow the creation of a set normalisation factors that will be 

project specific, for the Guadalentin Basin LCA the step will be skipped due to the small number of 

inputs analysed. Equation 63 would allow the calculation of the normalised score. Table 45 shows an 

example of a normalisation scoring system. 

 

 

Table 44 - Global warming potentials(Climate Change 1995) 
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Table 45 - Typical normalisation factors found in LCA 

Impact Category Unit Normalisation Factor (per person) 

Climate Change  Kg CO2 eq. 9.22E+03 

Water depletion m3 water eq. 8.14E+01 

 

𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑠𝑒𝑑 𝑠𝑐𝑜𝑟𝑒 (𝑦𝑟) =
𝐸𝑓𝑓𝑒𝑐𝑡 𝑠𝑐𝑜𝑟𝑒

𝐴𝑛𝑛𝑢𝑎𝑙 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑡𝑜 𝑡ℎ𝑒 𝑒𝑓𝑓𝑒𝑐𝑡 𝑖𝑛 𝑎 𝑐𝑜𝑚𝑚𝑢𝑛𝑖𝑡𝑦
 (63) 

 

10.1.4.5.   Valuation 

The final stage of the impact assessment is valuation. This is less relevant to the Guadalentin Basin due 

to the presence of only two effects; water depletion and global warming, however it still needs to be 

applied. The valuation stage weights each score depending on the aims and climate of the project. This 

can be subjective with experts simply making a judgement call, however there are quantitative methods 

such as the Swiss Eco-point system, these are generally regionally specific. In the case of the 

Guadalentin Basin, climate change has been ranked as the most important factor for consideration due 

to the nature of the project and its intended goals. 

 

 

10.1.4.6. Improvement Phase 

The improvement phase of an LCA is intended to analyse the data and draw conclusions on how the 

process can become more environmentally friendly. The large environmental burdens are down to the 

construction projects associated with water harvesting, and those sourcing the materials should 

therefore strive to work with contractors that actively look to minimise their environmental impact. 

Secondary conclusions can be made about how if tillage on a slope is necessary then tillage along 

contour lines is far superior to terracing, the Growboxx is far superior to the Waterboxx and should 

therefore be used in place of it, and drip irrigation is superior to irrigation pots. These conclusions allow 

the most environmentally friendly products to be selected and used, reducing the overall footprint of 

the project.  
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10.2.   Albedo Heating Effect (FB) 

10.2.1.   Albedo 

When a desert is reforested or transformed into cropland, the albedo of the area changes. Albedo is the 

ratio of the amount of solar radiation reflected to the amount of solar energy received by a surface, and 

is often given as a value between 0 and 1. Therefore, the lighter the colour of a surface, the higher its 

albedo. A simplified depiction of this concept is provided in Figure 67 below. Due to the high 

percentage of reflected sunlight, the lighter shaded surface has a higher albedo (Climate.ncsu.edu, n.d.).  

 

 

 

Figure 67 - Albedo comparison between light and dark shades (Climate.ncsu.edu, n.d.). 

 

This phenomenon is relevant to climate change due to its heating capabilities. Naturally, a surface with 

a lower albedo also converts more solar energy to heat. With desert sand/soil reflecting more sunlight 

than forests and cropland, reversing desertification will result in a minor, yet undesirable, increase of 

the overall temperature of the area (Climate.ncsu.edu, n.d.). Table 46 provides an overview of albedo 

values for the different biomes. Nevertheless, this temperature change must be analysed when 

considering the effects the project will have on climate change and therefore how much extra CO2 will 

need to be sequestered. 

 

Table 46 - Approximate albedo values for relevant biomes (Climatedata.info, n.d.) 

Biome Albedo 

Desert 0.4 
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Grassland 0.25 

Forest 0.08 – 0.18 

 

 

10.2.2.   Solar Insolation 

Naturally, the amount of solar radiation received on a surface, or solar insolation, differs depending on 

location. Therefore, the temperature fluctuation due to albedo depends on the latitude of the reversing 

desertification project (Apricus.com, n.d.). In this calculation, the case of the 1750 ha Guadalentin Basin 

is used – with the solar insolation for Malaga, the closest recorded data, being used. The value is given 

as 5.17 kWh/m2/day (Apricus.com, n.d.). This is converted to W/m2 using Equation 64 below for further 

calculations.   

 

𝐾𝑠 = (5.17
kWh

m2day
) ∗ (

1 day

24 hours
) ∗ (

1000 W

1 kW
) = 215.42

W

m2
 (64) 

 

where  Ks = solar insolation in energy per unit area 

 

10.2.3.   Albedo Effect Results 

Multiplying this value by (1 – albedo) and 1.75*107 m2 for the values in Table 40 provide values for 

how much energy is absorbed by the area, provided in Table 47. The worst case scenario, an albedo of 

0.08, is used for the forest biome. 

 

         Table 47 - Amount of solar radiation 

Biome  (1 – albedo) Solar radiation absorbed (W) 

Desert 0.6 2.26 * 109  

Cropland 0.75 2.83 * 109 

Forest 0.92 3.47 * 109 
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It can be seen that the worst case scenario is a change in solar energy absorption of +1.2 * 109 W. The 

overall albedo of the Earth is 0.3, and the solar energy receival is 173.5 * 1015 W. Hence, the energy 

absorbed is 52.05 * 1015 W (UCAR Center for Science and Education, n.d.).  

The global percentage change in energy absorption can now be determined from Equation 65: 

 

+1.2 ∗ 109 W

52.05 ∗ 1015 W
= 2.3 ∗ 10−8 = 0.0000023 % 

(65) 

 

  

Further analysis can be done as to how much this will alter the global temperature. However, from this 

result, it can be deduced that the albedo effect plays a minor role on the heating effect of the reforestation 

project. Because of this, no extra needs for carbon sequestration will be considered. 

 

10.3.   Socio-economic (PB) 

10.3.1 Background 

In this section, the socio-economic matters will be presented. The concept of socio-economic is vague. 

In terms of the economic development the meaning of sustainability for it refers to a self-sustaining 

economy. This is where an economy is able to provide for the population and a reasonable quality of 

life in the long term without requiring the need of outside help being other regions authorities (Copus 

and Crabtree, 1996). 

Table 48 - showing the three main factors when assessing socio-economic sustainability (Copus 

and Crabtree, 1996) 
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Table 48 shows the three main aspects when assessing the socio-economic sustainability. The first two, 

population and economic activity will be the main focus in this section as these two indicators are the 

most relevant to the project.  

 

 

 

 

 

 

 

 

 

 

Figure 68 above shows the main indicators being expanded to show how each variable connects with 

each other is shown. For example the environmental indicator materials for constructions leads to jobs 

and stockholder profits being dependent on it. From this the jobs affect the poverty rate which in turn 

is related to crime in the area.  Water quality, Air quality and natural resources are needed for the 

material for production which has an effect on people’s health. Health is a main factor as this is related 

to the worker’s productivity and contributes to an increase in health insurance (Hart, 2010). 

 

10.3.2.   Benefits to the community and economy 

There are various benefits that this project can do for the local community as well as the economy 

starting with the social benefits, these include: 

 Local people involvement  

 Fair pay per hour of work 

 Stops deforestation by alternative income development 

 Both sustainable and reforestation education to the locals 

 Farmers start using farming practises that are more environmentally friendly 

With regards to economy benefits, these include: 

Figure 68 - Shows how the social, economic and environmental indicators are expanded (Hart, 

2010). 
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 Projects provides long-term tree, planting and maintenance jobs 

 Reduces unemployment within the population 

 Fruits produced by the trees add extra income to farmers 

 More income means more money being spent in the community   

 

10.3.3.   Jobs available 

 

Table 49 - Shows the jobs available from growing the citrus orchards 

 

Table 49 above shows the jobs available for when the planting of the citrus orchards begin. Based on 

an average 8 hour working days and half an hour being spent to plant 1 citrus tree, a total of 

approximately 20 workers will be needed for planting citrus trees in 1 hectare. Assuming 50 hectares 

being covered in one day then the whole land to be planted will take approximately 35 days. The annual 

wages for the workers is going to be fair at €30,000. The total wages paid for all workers will be 

€30,000,000. The rest of the €180,000,000 will be used to cover the costs of the initial start-up cost as 

well as investing in Aleppo pine trees to be used in the other bare areas. 

 

Table 50 - showing the jobs available for planting Pine trees 

 

 

 

 

 

Table 50 above shows the job availability of reforesting bare land in the GB with Pine trees. Note that 

the workers needed is significantly less than the workers needed for the planting of the citrus trees. This 

is due to 5 mechanical machines being used to plant high amount of seeds. If all 9,275,000 trees were 

to be planted by hand, it would not be time effective nor cost effective due to the sheer amount of people 

needed to be paid for the labour. Assuming the machines plant 5000 trees a day, it would take 

approximately 5 years for all of the trees to be planted. 

Job 

opportunity 

Total 

hectares 

needed 

Trees 

per 

hectare 

Revenue per 

year (€) 

Workers 

per hectare 

Total 

workers 

needed 

Worker wages 

per year (€) 

Planting 

Citrus tress 

1750 285 210,000,000 20 1000 30,000 

Job 

opportunity 

Total 

hectares 

needed 

Trees per 

hectare 

Total workers 

needed 

Worker wages 

per year (€) 

Planting Pine 

tress 

9275 1000 15 30,000 
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10.3.4.   Issues arising 

One issue is the use of Greywater. The reason for this is that we are assuming that we are collecting all 

of the population’s waste water of the two towns. The downside of this would be a severe deficit of 

water for domestic use as there would be no water being recycled back into the cleaning facilities to be 

distributed back to people’s home. Another issue is the planting of the citrus trees. We are only planting 

citrus trees to provide jobs for the local community to boost the local economy. This has a downside as 

there is only one type of food being grown. There are no other foods being planted which may cause a 

shortage in food in the area. 

 

11.    Project Management (GS) 

11.1.   Group structure and communication 

The original group structure has been preserved from the inception report. Within the structure of the 

group the importance of flexibility and communication were stressed.  

When iterating through the sections of the plan intercommunication between team members was 

essential. The group remained in contact through three face to face meetings per week. The first at 1pm 

every Monday, the second at 4pm every Tuesday before the supervised meeting, the third meeting at 

2pm on Friday. During each of these meetings the actions set from the previous meetings were reviewed 

and updated to ensure the workflow remained consistent throughout the term. As well as this any 

opinions or concerns about the project were discussed.  Social media was used to communicate in-

between scheduled meetings. The Gannt Chart in Figure 69 was used to provide an overview of the 

project, this was reviewed upon each week during the supervised meeting to track progress. However, 

plenty of float was inbuilt into the plan as many delays were likely do to many unknowns. Trello.com 

was used to track tasks. As well as this any unassigned task could be placed on Trello and whoever had 

free time could claim these. An hour’s tracker was used to ensure that the work was not unevenly loaded 

between group members.  

Completed tasks were written up and were placed in a communal Google drive file for peer review, 

suggestions were left as notes on the documents.  
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Figure 69 – Gantt Chat for the management of MDDP group 2 
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11.2.   Assigned Roles 

As the subjects covered within the task were so varied cross-disciplinary work was essential. Thus, no 

completely fixed roles were held. However, a rough breakdown can be found in Table 51.  In some 

cases multiple people worked on the same section for efficiency.  

 

Table 51 - Breakdown of assigned roles 

Team member  Roles 

Geoffrey Sherwood Financial 

Project management 

Carbon Sequestration 

Land Breakdown 

Remote Sensing Location Selection 

Michael Thompson 

 

 

 

 

 

Field Site Location Selection 

Life Cycle Assessment 

Pump Selection 

Terracing & Fallow Band Research 

Sentinel Site Data Collection Methodology 

Collation and Editing 

Collation and Editing 

Pritesh Bolakee Causes of Desertification 

Field Site Location Selection 

Cover Crops 

Mulching 

Tree Species 

Socio-economic Sustainability 

Floris Bierkens Scope and Assumptions 
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 Tillage along contour lines 

 LNC 

 Greywater 

 Risk Analysis 

 Gantt Chart 

Nick Ling Types of Crops 

 Carbon Farming 

 Holistic planned grazing 

 Tillage 

 Irrigation 

 Reference Collation 

  

 

12. Conclusion 

The aim of this report was to provide policy makers a framework by which they can apply the 

methodology outlined in their respective countries. The provision of the relevant information and data 

pertaining to the desertification of an area was also a key aim, as research showed that this is unavailable 

in many Mediterranean areas. The collation of a standard framework for technological application and 

a vast data gathering operation will mean that expansion of the type of project outlined for the 

Guadalentin Basin would be possible in the entirety of the Mediterranean. 

The planning phase begins with data collection, this can either be achieved through data that is currently 

available or through sentinel site acquisition, as discussed in Section 4.3. Analysis of this data will 

provide key areas of impact and improvement for the area, and the relevant technology can then be 

applied to counter the desertification effects present in the area and then reforest it. The technological 

application will be specific to each location, however the necessary information and calculation needed 

for the application can be found in this report. This will provide the area with land quality 

improvements, reforestation and carbon sequestration. 

Using the Guadalentin Basin as an example of proof, it can be concluded that the technologies can be 

integrated successfully into a complete reforestation and reversing desertification project. Although the 

initial cost and CO2 emissions are significant, they are overcome by the monetary returns and carbon 
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sequestration. Using carbon credits and the sale of citrus fruits as an income, the project will break even 

in its 14th year – after which pine trees will be planted to increase the carbon sequestration rate. Twenty 

years after these are planted, all trees in the scope of the project will have reached maturity. 

Nevertheless, it must be acknowledged that, to meet the current global carbon sequestration needs, 

multiple of such projects must be undertaken simultaneously.   
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14. Appendix 
 

Table 52 – Liquid NanoClay QFD Table 

Liquid Nano-Clay (LNC) 

 The clay is mixed with water in a patented method and sprayed onto the surrounding soil, 

which can also be done through any irrigation systems already in place. The LNC 

treatment only takes a matter of hours, during which the mixture seeps into the soil   

 The idea revolves around clay’s numerous agricultural benefits, including its ability to hold 

onto water 

  

 [1] https://www.theengineer.co.uk/prize-winning-technology-to-make-the-desert-bloom/ 

Requirement Discussion  Ranking 1-5 Source 

Effectiveness of the 

technology  

In a desert, the LNC treated area 

performed four times better than its 

untreated counterpart; despite using half 

the amount of water 

5  [1] 

Cost of technology  Per square metre of soil, the amount of 

LNC required consists of 40 L of water 

and 1 kg of clay. Although the result is an 

area of land that retains more water than 

it usually would, the initial water needs 

are significant and must be taken into 

consideration. 

4  [1] 

Time the technology 

can be implemented  

The LNC treatment only takes a matter of 

hours, during which the mixture seeps 

into the soil. Being able to treat a large 

area of land in a few hours means that 

this can be considered a quick solution 

5 [1]  

Risk Cannot think of a significant risk. One 

may be that the water evaporates before 

being able to seep into the soil if the soil 

is too hard. 

4 Analysis 

Sustainability  Saves a large amount of water, but will 

likely be needed until the area’s soil is 

improved enough to hold its own water 

4 [1] 

Appropriateness for 

use in the Guadalentin 

Basin (Murcia) 

With water availability being low in the 

area, saving water would be ideal and 

therefore this tech would be ideal. Only 

issue could be crusty soil 

4 Analysis 

 


