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Preface
During my bachelors in Engineering, I focused on reducing the impact of companies on the environment.
However, I had the feeling I was playing the sustainability game on the wrong side, making things less bad instead
of good. Therefore I wanted to study Environmental Sciences for my masters and focus on showing the value of
nature. I quickly found my match in the third and fourth month studying in expressing the real value of nature
through the concept of ecosystem services. Instead of only a feeling base, tree-hugging mind set, I could express
the value in monetary terms, speaking the same language as large companies, governments and inhabitants. For
my master thesis I wanted to get out of my comfort zone and challenge myself to tackle a problem as individually
as possible in a country as far away as possible. I believe that I thrive when given full responsibility of a project
and will learn a lot by practising research in a foreign setting, somehow I had Africa already in mind because it
felt adventurous. R. De Groot connected me to the organisation Justdiggit. An organisation with a clear and
beautiful goal that gave me the level of responsibility I was searching for with their project in Morocco. For this
thesis I was able to combine desk research with field research during a 3,5 months stay in Marrakech. The
University of Marrakech was kind enough to help me settle in the city and take me with them on one of their field
visits. A huge thanks to Justdiggit and my supervisor from Wageningen university Dolf de Groot, for me giving
me the opportunity to practice research abroad.
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An ex ante estimate of effects of landscape restoration on the monetary value of selected ecosystem services:
An analysis of the Justdiggit project in Morocco

SUMMARY
Ecosystems interact with human life in a variety of ways. Human life is depended on the natural processes in
forms of drinker water, crops yields, etc. This means that ecosystems provide services to human life in terms of
survival, livelihood and benefiting health. This thesis aims to quantify the ecosystem services (ES’s) of a region
in Morocco and comparing these services to the land use in the same region after a landscape restoration project
has been implemented. The NGO Justdiggit is starting a demonstration project in the Moroccan Rehamna province
near the town of Sidi bou Othmane. Justdiggit’s main methodology is to improve rainwater filtration in the soils
to combat desertification. The overarching approach is to connect 10 projects of roughly 3000 ha, connecting the
water cycle from coastal areas to areas further inland. Justdiggit calls the concept a “hydrological corridor”. To
implement such a project, much financing is required. The benefits of the restoration project must be quantified
to attract financing. For large investments, economic values can motivate decision making. Justdiggit is trying to
construct a body of literature that show the economic benefits from their interventions and turn their approach
into a business case. This thesis contribute to this body of literature by providing economic values of the ES’s for
the Rehamna province.
The Rehamna province is characterized by barren, hard soil. The agricultural season is short due to droughts. The
land is primarily used for agriculture and livestock. The project area consists of 4 douars (i.e. small villages)
mainly inhabited by farmers with pastures surrounding them (3449 ha). Primary agricultural products in the region
are olives, wheat and barley and sheep as livestock. Justdiggit’s interventions are separated in three catchment
areas; the low, middle and high catchments. The low catchment will be improved by increasing the surface cover
of olive farms, the middle catchment will move from solely wheat, barley and livestock to a combination of olive
and carob trees (forecasted) supported by agroforestry systems, compost, stone bunds and water boxes (irrigation
technique). Interventions in the high catchment prevent downstream flooding and retains runoff water and
sediment. Elements de banquettes, a type of terraces made of earth bunds, are created in combination with olive
and carob trees, wheat and barley fields, livestock grazing and cactus plants are used as natural barriers.
The general aim of this research is to ex ante estimate the monetary value changes of selected ecosystem
services for Justdiggit’s landscape restoration project in the Rehamna province of Morocco. Current and
Future situations are quantified in this research. Subtracting the current from the future ES values leaves the net
change. The change is then multiplied by economic values to result in the net economic increase or decrease
resulting from the Justdiggit project. To measure the profitability of the investment the thesis concludes with a
Net present value, taking into account the initial investment costs.
Five ecosystem services are selected based on literature because the thesis is constrained to a 6 month timeframe.
The selection resulted in; carbon sequestration, erosion prevention and maintenance of soil fertility, food and raw
materials.
Carbon sequestration: For carbon sequestration, the ecosystem indicators consist of the carbon stored
Aboveground Biomass, Belowground biomass, Soil organic carbon & Dead organic matter in tonne carbon stored
(tC). Geographic information system (GIS) software is combined with literature from IPPC, satellite imagery and
field interviews to estimate the amount of carbon stored in all stocks. The stocks are calculated for both the current
and future situation. Calculations are structured as presented by the inVEST methodology and tips. The final
summation of the four carbon stocks on a spatial level is calculated inside the inVEST carbon model. Calculations
show 145,000 tonnes of carbon stored in the current situation and 185,000 tonnes of carbon in the future situation.
Resulting in a net change of 40,000 tonnes of carbon due to project interventions. The net change value is
converted to an economic value through direct market valuation. The carbon stored is converted to Co2
equivalents and multiplied with the international Co2e market price. Resulting in carbon sequestered with a worth
of 44,000 US$.
Erosion prevention and maintenance of soil fertility is indicated using the amount of nutrients lost due to runoff
water. The first indicator, annual soil loss, is further specified using the soil composition, converting the soil loss
into the tonnes of nitrogen lost per year. The Universal Soil Loss Equation (USLE) is used to quantify the impact
of the rainwater harvesting and erosion prevention techniques (Stone bunds and the use of cover crops between
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the rows) as well as the increase in vegetation on soil loss and thus nutrient loss. Developed by Wischmeier and
Smith (1965, 1978). The USLE calculation multiplies five factors controlling soil loss rates. Individual factors
required for the USLE equation are calculated using data from satellite imagery and literature and are collected in
GIS software (ArcMAP). The final multiplication of these five factor maps results in an soil loss of 1,400 tonne
per year in the current situation and 300 tonnes per year in the future situation. Concluding in a net avoided soil
loss of 1100 tonnes per year. The avoided nitrogen lost to rainwater runoff is estimated at 34 tonne per year by
including the topsoil’s nitrogen content. A replacement cost is used to quantify the economic value using the
nitrogen content and market price retrieved from field interviews. The final calculation shows avoided nitrogen
loss equivalent to 46,000 US$ per year in fertilization.
Food and raw materials are combined in this thesis. The ES’s are quantified by a data from structured interviews.
Outputs from agricultural practices and livestock products are analysed, as well as inputs for these practices (e.g.
irrigation, ploughing, fodder and fertilization. The future situation was designed with data on the draft agricultural
setup of the planned interventions and the acquired data from the structured interviews. The future products clearly
varied from the current situation. The future is heavily focused on olive and carob production instead of livestock,
wheat and barley. The market prices have been acquired from the local inhabitants as well as a market survey on
the weekly market of Sidi bou Othmane. The net economic benefit of the inputs and outputs is estimated at 2
million US$ per year for the current situation and 10 million per year for the future situation at project maturity.
The initial investment costs calculated by Justdiggit are estimated at 2.8 million US$. Along with the economic
values this thesis concludes with a net present value (NPV). The NPV is calculated to assess the profitability of
the investment. The total net present value is 39 million US$. This value must however be treated with care
because it is not necessarily marketable or a real cash value. Despite such limitations, my economic value analysis
clearly shows a large net benefit.
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1 INTRODUCTION
Human life depends on ecosystems and their resources in many ways. This can be in the form of clean drinking
water, rainfall, crop yield, pest control, etcetera. Ecosystem services (ES’s) have the opportunity to provide
measurable benefit to health, livelihoods and survival (Millennium Ecosystem Assessment, 2005; TEEB, 2010;
Costanza et al., 1997). This thesis focusses on the gains in ecosystem services by landscape restoration techniques
resulting from a not yet implemented Justdiggit project in Morocco.
The Justdiggit foundation fights climate change and improves livelihoods in the barren, dry areas of the planet
with large scale landscape restoration. Justdiggit’s approach focuses on rainwater harvesting and land
management techniques. Breaking the top soil by digging trenches or create terraces made of earth bunds
(Appendix 1, Figure A1.1) lets the rainwater penetrate into the earth (Justdiggit, 2016). This results in a more
fertile piece of land more suitable for vegetation. Vegetation draws Carbon dioxide (Co2) from the air and
provides numerous benefits to local inhabitants. Justdiggit aims to strategically place projects within a single
country to create a so called “Hydrological corridor”. The Hydrological corridor is the concept that vegetation can
alter the hydrological cycle by darkening land surface (albedo) and increasing air moisture levels (Anthes, 1983),
see Figure 1.1 & 1.2., A positive feedback effect is triggered by spatially divided projects, altering rainfall patterns
which further increases vegetation quantities and vice versa. The project areas will increase their vegetation cover
and will grow towards each other, making the Justdiggit projects suitable for re-greening large plots of land.
Justdiggit aims for ten projects in a single country, with an individual area size of 3000 ha.

Figure 1.1 (Left): Total Project Morocco, the red dot marks the location of the demonstration project. The green
line marks the area in which the other projects can be located in the future.
Figure 1.2 (right): Concept of the hydrologic corridor (Naga, 2015)
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1.1 JUSTDIGGIT PROJECT: REHAMNA
This thesis is based on the hydrological corridor applied in Morocco. To implement a large scale project, Justdiggit
convinces the country officials to start with a single demonstration project (Figure 1.3). This first project serves
both as a test and as a demonstration for solutions, techniques and innovations. The total hydrologic corridor is
further developed during the implementation of this first project, including the nine other project locations. The
demonstration project in Morocco will be realised in the province of Rehamna, near the village of Sidi Bou
Othmane around 30km north of Marrakech (red dot in Figure 1, between Marrakesh and Ben Guerir). Justdiggit
plans to start digging in 2017. The project area consists of four douars (small villages) mainly inhabited by farmers
surrounded by pastures (3449 ha). The douars; Oulad Ben El Garne, Jaaidat, Laanakir Labhira, Ait Ben Aicha and
Lakhrarba are shortly discussed below. An photographic impression of the study area is included in Appendix 1
and descriptions of the stakeholders in Appendix 3.
The project area is divided into three subzones: the Low (northern), Middle and High (southern) catchment,
referring to height differences. The area will be categorized as such throughout this thesis.

Figure 1.3: Project area in the Rehamna province of Morocco (Copernicus Sentinel data, 2016)
The low catchment
The most northern pastures are mainly used for Olive production. The largest douar, Oulad Ben El Garne, is split
in two sections by the road to Sidi Bou Othmane and Marrakech. The road provides connectivity to markets
superior to the other Douars whom solely have a sand road. Some of the Olive orchards are connected to olive
companies and some have their own ownership rights and sell the product in Sidi Bou Othmane or Marrakech.
The surrounding land consists of bare soil or rain fed vegetation with the exception of a few pastures of wheat and
barley.
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The middle catchment
The douars Jaaidat Ait Ben Aicha and Lakhrarba are situated in the middle catchment, with Laanakir Labhira just
outside the project borders. Most of the farmers living in Laanaker Labhira, have pastures within project
boundaries. The land in the middle catchment is used for wheat and barley fields, livestock grazing and cactus
farms. Wheat and barley are solely grown in the agricultural season, during the field visit (September until
December) ploughing and preparations started in the final weeks. Active in all seasons are the cactus farms
surrounding the douars. Cactus plants provide fodder for the animals and small quantities of fruits are also sold
on the market. The houses are built from a claylike substance made out of soil, water and manure. During the field
visits the soil itself was extremely hard and covered with rocks.
The high catchment
The southern patch of the project area consist of a line of hills and their downward ridges. Lakhrarba, following
the premade division of catchment areas, is situated in the middle catchment. After visiting the site however, the
douar has the characteristics of the high catchment, situated on the foot of a ridge. The douar mostly consists of
Sheppard’s whom let their sheep graze in the hills. The douar has no electricity and is furthest away from the main
road resulting in bad accessibility. See Figure 1.4 for a view of the hills and the barren soil of the middle catchment.

Figure 1.4: Project area Rehamna province (middle & high catchment)
Project interventions:
The species selection for the project interventions are not made. For this thesis the choice is set on olive and carob
trees with cumin as a filler crop between the olive trees in the low and middle catchment. The selection is based
on the advice of a cultivator from the university of Marrakech, who is cooperating on the project.
The high catchment will be characterised by sparse woody vegetation and bare slopes. The objective in this
subzone is to reduce soil erosion, prevent downstream flooding and retain runoff water and sediment. The
approach will most likely be elements de banquettes, which are a type of terraces made of earth bunds. The
vegetation surrounded by the earth bunds is not yet decided. The space between the trees and earth bunds will be
made suitable for grazing land and natural barriers of cactus will be implemented perpendicular to the slope.
The middle catchment will be characterised by sparse trees and shrubs and used for grazing and rain fed cultivation
of wheat and barley during the rainy season. Increasing the complexity and biodiversity of the system is the main
objective, using agroforestry systems i.e. compost, stone bunds and water boxes (irrigation technique). Olive and
Carob trees are placed in lines perpendicular to the slope separating pastures reserved for wheat and barley.
The low catchment interventions focus on training and capacity building in agro-ecological practices, as well as
testing water saving technologies. The agricultural setup will focus on olives with cumin as filler crop between
the rows.
Chapter 3.4 will dive deeper in the planned agricultural practices and output products.
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1.2 PROBLEM STATEMENT AND AIM OF THE THESIS
Realising large scale projects requires much financing. The first project’s finances are split between Justdiggit
and the government of Morocco. This first project requires millions of US dollars to be executed. Justdiggit is
therefore searching for alternative ways to attract investors and convincing governments to invest. In practice, the
first projects are realised by convincing the government of the methodology and showing the general numbers
and non-monetized social benefits (or non-project site-specific benefits). For investment in the total hydrological
corridor this is not enough, investors might require a return on investment business model. Justdiggit wants to
develop an ES based business model that shows the clear change in monetary value of the intervened environment.
Thus the general aim of this thesis is to –
- ex ante estimate the monetary value changes of selected ecosystem services for Justdiggit’s landscape
restoration project in the Rehamna province of Morocco.
Research questions (RQs) (these RQs are answered in the chapters shown in brackets):
1.
2.
3.
4.
5.
6.

What are the quantified benefits of selected ES’s for the current and the future situation after
project implementation? (Chapter 3);
What is the change in ES benefits between current and future situations? (Chapter 3);
What economic values are attached to the ES indicators? (Chapter 4);
What is the difference in terms of economic land value between current and future situations
as derived from the ES indicators? (Chapter 4);
What costs are attached to the project? (Chapter 5.1);
What is the total economic value and net present value of the project solely based on the
selected ecosystem services? (Chapter 5.2);

This thesis will be part of a body of literature used to convince large investors of future Justdiggit projects. In that
case contributing to the livelihood of numerous Moroccan inhabitants. This thesis will scientifically also
contribute towards expanding the existing database of ES valuation literature, developing methodologies for
systematic assessments of the benefits of ecosystem restoration projects by providing site specific monetary values
of ES’s. Justdiggit uses the values to increase government support, whilst providing input for a business case to
draw investors. Therefore, high contributing ES’s are selected which are quantifiable in a research timeframe of
5 months (thesis duration).

1.3 STRUCTURE
Chapter 2 explains the key concepts used and the decision making in approach of the thesis, starting with the
methodological framework. The chapter details the implemented methodologies from literature, the TEEB
approach and the selection process for the ES’s. Chapter 2.2 provides a short description of the used the ES’s;
Food and raw materials, erosion prevention and maintenance of soil fertility, carbon sequestration and moderation
of extreme events. Continuing with their definitions in this thesis and assigned valuation methods to monetize
these ES’s. The chapter finalizes (2.3) with the methodology from a practical perspective, detailing the steps for
data harvesting and running the calculations. Chapter 2.3 is divided in quantification and monetization to easily
differentiate the two calculation steps.
After completing Chapter 2.3, the reader should have a clear understanding of the concepts, approach and
methodologies used to retrieve results. The results are divided into two chapters, the ecosystem service
quantification (Chapter 3) and the monetary valuation of the ES (Chapter 4) both comparing the current situation
to a future situation after project implementation. The reader is presented a large overall increase in ES indicators
because all the ES’s included in this thesis show an increase in future benefits.
The final comparison in Chapter 5 is a costs benefit calculation. The calculation details the expected project costs
and works towards a net present value, portraying the project as a business case over a set amount of years with a
discount rate. The net present value shows a large improvement in land use value with the most added value in
Food and Raw materials. The beneficial numbers are discussed based on plausibility and accuracy of intermediate
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numbers in the calculations (Chapter 6). Chapter 6 also elaborated on the discount rate due to its sensitivity on the
final NPV. Chapter 7 finalizes the thesis concluding the overall land value increase due to the project interventions
with all its primary input values.
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2 METHODOLOGY
2.1 RESEARCH FRAMEWORK
A comparison to the current situation has to be made to be able to conclude to a final change in value of the project
area. Therefore, one of the primary goals of the field research is to gain data of the situation before project is
implemented. Because the project is not yet in progress, this is described as the ‘current situation’. The current
situation will be compared to the environmental changes after the project is implemented, further in this thesis
referred to as the ‘future situation’. The next step is to quantify the selected ecosystem services and apply valuation
techniques resulting in a total economic value of the project area. Withdrawing the current economic value from
the future economic value results in the change due to project interventions for the selected ecosystem services.
The project will not be at its maximum potential within the first year. Starting from zero percent, an annual
percentual increase is introduced mimic the time required to reach project maturity. See Figure 2.1 for a visual
overview of the research.

Figure 2.1:Methodological framework showing the interactions between the RS’s, data harvesting techniques
and tools used in this thesis.
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2.2 CONCEPTS AND METHODS
2.2.1 ECOSYSTEM SERVICES
Ecosystem services can be categorised in a variety of ways. This thesis uses The Economics of Ecosystems and
Biodiversity (TEEB) TEV framework (TEEB, 2010. Chapter 4). The TEEB global initiative is in essence designed
to include the values of biodiversity and ecosystem services into decision making processes. Structuring
demonstrated values resulting from the environment that can be quantified and monetized support the decision
making process. The TEEB approach is mainly chosen because of its design to avoid double counting of ES and
usage with economic valuations apart from just quantification of the ecosystem services (Boyd and Banzhaf, 2007;
Fisher et al., 2009). The TEV framework aims to include only the output values as monetary units used in a total
economic value (TEV). Providing clarity in the division of ES benefits opposed to ES functions. This subchapter
2.2.2 starts by detailing the general concept used in this thesis. The chapter then further describes how the
ecosystem services are selected, followed by their definitions. The subchapter 2.2.3 discusses the multiple ways
of monetizing the selected ecosystem services and what methods are incorporated in this thesis.
2.2.2 ECOSYSTEM SERVICE QUANTIFICATION
This sub-chapter further discusses the decision making process on selecting what ecosystem services are selected
for inclusion in this thesis and provide their definitions.
Justdiggit used the Global Land Degradation Information System (GLADIS) to assess the average biophysical
state of the ecosystem types grassland, woodland and temperate forest. This biophysical state shows the potential
for improvement by project intervention. The GLADIS approach shows a biophysical state achieved of 100%
when there is little to no improvement possible by project interventions and 0% when there is a lot of improvement
possible. Temperate forests are set at 72%, Woodlands at 26% and Grasslands at 22% (Groot, 2016). The GLADIS
values then combined the degradation status of the land with the potential monetary value of ecosystem services
provided by these land types with the monetary values from literature case studies in the TEEB database (De
Groot, 2012). Justdiggit was consulted that most improvement can be observed for Grasslands (2.250 US$/ha/yr)
comparing to temperate forests (846 US$/ha/yr) and woodlands (1.180 US$/ha/yr) As a result the selection here
will be made in this same priority (Grassland > Woodlands > Temperate forest).
The case study average monetary values from De Groot (2012; 2016) are used to make a first selection of high
value ES’s for the project, they are included in Appendix 2. Based on the case studies, the highest ES values for
grasslands are: 1. Genepool protection or biodiversity conservation (1.214 US$/ha/yr); food (1.192 US$/ha/yr);
aesthetic information (167 US$/ha/yr). For woodlands: nursery service (1.273 US$/ha/yr); Raw materials (170
US$/ha/yr); Food (52 US$/ha/yr). for Temperate forests: Recreation (989 US$/ha/yr); Genepool protection (862
US$/ha/yr); Food (299 US$/ha/yr). When striping away any doubles and use the priority Grassland > Woodlands
> Temperate forest, the quick literature research selection is; Genetic diversity, Food, Nursery service, Climate
regulation, Recreation, Raw materials. However, a high variance can be observed between the min. / max. values
of the used case studies in the TEEB database. Grasslands (Min. - Max. / 124 – 5.930); Woodlands (1.373 –
2.188); Temperate forests (278 - 16.406). The literature quick-scan will therefore only serve as an guideline.
The list is finalized in discussion with Justdiggit and with their intervention techniques in mind. Nursery service
is excluded because it is mainly used for marine ecosystems, the value used for Woodlands came from a single
case study in the TEEB database. Regulation of water flows (hydrological cycle) was included due to project
characteristics and general aim of the organisation. However, regulation of water flows was excluded from this
thesis due to the disappointing amount of data retrieved from the stakeholder interviews. Recreation was included
as optional but has not been included due to a lack of time availability. Instead, a part of ‘moderation of extreme
events’ is incorporated to include the impacts specifically aimed at flooding and landslides because it could be
easily included in the field visits.
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The following ecosystem services are selected and included in this thesis:
-

-

-

-

-

Carbon sequestration and storage: The ability of an ecosystem to harvest greenhouse gases out of the
atmosphere. The growth process of plants and trees is characterized by harvesting carbon dioxide from
the atmosphere and store it in their tissue. Acting as a natural storage, vegetation has an important role
to combat climate change.
Raw materials: Ecosystems provide a wide range of materials. Ranging from wood, fuel and oils to
input materials for clothing or commercial products. In this thesis the raw materials are represented by
the output quantities from the environment.
Food: From fruits found within a rainforest to agricultural land, ecosystems can provide conditions for
growing food. Food can be used directly for human consumption or indirectly when used as fodder. In
this thesis food is represented by the output quantities from the environment.
Erosion prevention and maintenance of soil fertility: The power of vegetation to keep nutrients in a
certain area is a great example of maintain soil fertility. Erosion and the link to maintaining soil fertility
in this thesis aims specifically at soil erosion due to rainwater runoff, working towards estimating the
amount of nutrients lost due to erosion.
Moderation of extreme events: The power of nature can be globally observed by landslides, hurricanes,
flooding and all kinds of natural disasters. Ecosystems have the ability to mitigate the effects of these
events in a variety of ways. Root systems improve soil structure and reduce landslides whilst wetlands
and coral reefs act as natural coastal protections soaking up flooding water and breaking high waves. In
this thesis, the damage from extreme events is expressed in material damages.

Ecosystem service indicators
Indicators for each ES are chosen on the bases of data availability during the fieldwork as well as the most common
literature practices. Food and Raw materials will be expressed as quantities (#/year) or based on weight (kg/year)
or volume (m³/year), whichever suits the product best. Erosion prevention and maintenance of soil fertility is
expressed in the weight of nitrogen annually lost due to rainwater runoff (tN/year). Carbon is based on the carbon
stock in weight sequestered over a chosen time (tC/year). More information on the chosen indicators can be found
in chapter 2.3.

2.2.3 MONETARY VALUATION
This chapter clarifies the ES specific valuation techniques
used to reach a total economic value (TEV) as presented by
the TEEB (TEEB, 2010). The outcome of this research will
be used as an input for a business case, this thesis thus
focusses on the far left section of the TEV framework, the
“Actual values”. The TEV framework divides the actual
values as shown in Figure 2.2. This thesis prefers actual
values because the non-use and option values are stated based
on concerns and a sense of wellbeing, which can be
convincing while talking to governments but will lack the
convincing power in a discourse with banks and other
investors.
The actual values can be categorised into Direct- and Indirect
use. The Direct use value “Results from “direct human use of
biodiversity (consumptive or non-consumptive)” which are
reflected in market transactions. And the Indirect use value is
derived from “the regulation services provided by species
and ecosystems”, which are generally not reflected in market
transactions (TEEB, 2010, Chapter 5 p.14).
Figure 2.2: Value types within the TEV approach (TEEB, 2010)
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The actual valuation approaches can be divided as Chee (2004), into: 1. Direct market valuation approaches
(further divided into (a) market price-based approaches, (b) cost-based approaches, and (c) production functions).
2. Revealed preference approaches, which are mostly based on observed human behaviour and decision making.
3. Stated preferences approaches, which are based how people say they will behave. This last (3) approach will
again be not as useful as the other approaches, considering they are not as reliable for investors and thus lack
credibility when implemented in a business case. Therefore, this thesis tries to exclude any stated preference
approaches. Some valuation techniques are more suitable for certain ES’s than others. Combining the results from
De Groot (2012) a first selection can be made to select a technique per ES. Table 2.1 shows the amount of values
retrieved from technique/ES combinations made in literature. The acronyms used for the technique are listed
below.
Table 2.1: Number of value estimates per valuation method and ecosystem service, not applicable data is
removed. Direct market pricing (DMP); Factor income/production function (FI/PF); Avoided cost (AC);
Mitigation and restoration cost (MC/RC); Replacement cost (RC); Travel cost (TC). (De Groot, 2012)
Ecosystem service

Food
Raw materials
Erosion prevention
Climate regulation
Soil fertility maintenance

Direct market value
DMP
118
83
4
12

FI/PF
8
5

1

Cost based methods
AC
1
1
7
9

MC/RC

RC

1
5

5
1
6

2

Revealed
preference
TC

2

The list slightly divers because of a different categorization, erosion prevention and soil fertility can be viewed as
the same. Along with available data retrieved during the field trip the final selection (Table 2.2) consist of the
three techniques; Direct market pricing (DMP); Avoided cost (AC) & Replacement cost (RC).
Table 2.2: Selected valuation techniques and ES indicators used in this thesis
Ecosystem service

ES Indicator

Valuation technique

Food
Raw materials
Erosion prevention & soil fertility
Carbon sequestration and storage

kg / year
kg / year
kg Nitrogen lost / year
kg Carbon / year

Direct market price
Direct market price
Replacement value
Direct market price

Moderation of extreme events

# / year

Avoided costs

In this thesis the ES’s ‘Food’ and ‘Raw materials’ are based on market values of the agricultural crops and
ecosystem products. The DMP’s are retrieved from the farmers themselves as well as the market in Sidi Bou
Othmane. Carbon sequestration and storage is based on current prices of the international carbon market retrieved
from online sources. Moderation of extreme events is solely based on stated economic damage of farmers. Soil
fertility will be based on the price of nutrient values saved by erosion prevention. In other words: if the project
interventions save x ton of nutrients (nitrogen) from streaming away from the project area, what are the annual
fertilization costs to maintain the same level of nitrogen.

2.2.4 MODELS, EQUATIONS AND SOFTWARE
Following in this chapter is a list of the main tools used for this thesis. ArcGIS is used for calculating spatial
values for the ES’s carbon sequestration and erosion prevention. ArcGIS made it possible to calculate the project
area and classify different parts of the project site in combination with the satellite imagery from multispectral
instruments. For carbon sequestration the inVEST model was used. The inVEST approach provides a simple
model to calculate the total carbon stored from a land use land cover classified map. It also provided a structural
approach to gather the values needed for the carbon calculation. For erosion prevention and soil fertility the
RUSLE model is used, providing a step by step guide to calculate the soil loss from rainwater runoff.
1. Multispectral instruments (MSI)
To allocate surface areas to the cover types for the current situation, a specific kind of satellite imagery is used.
Multispectral instruments (MSI) are able to shoot satellite images in different parts of the light spectrum. Surface
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cover types show up different in different wavelengths. ArcGIS is able to assign a colour to such an image within
specific wavelengths and merge multiple images together. The combined image (composite bands) of 3 different
wavelengths can be used to categorize the project area by land use or land cover. This thesis uses imagery from
the Sentinel 2A satellite (Copernicus Sentinel data, 2016).
2. ArcGIS
ArcGIS is a Geographic information system (GIS) from the company ESRI. The software can be used to create
layered maps and create spatial datasets. An example of a technique used in this thesis is creating a Land Use
Land Cover (LULC) map. This is a map on which you can spatially categorize different land uses and land covers
based on literature or on satellite imagery as is done in this thesis. The LULC classification in this thesis is made
using a Maximum likelihood classification in ArcGIS. A maximum likelihood classification in ArcGIS reads the
background data from individual grid cells attached to the satellite image’s resolution and searches for cells in the
image that are similar to an earlier classified part of land use (determined through literature or field visits).
3. InVEST
InVEST is tool developed to improve the understanding and value of natural capital by providing models and
methodologies to calculate the values resulting from ecosystem services (Sharp, 2015). In this thesis, only the
InVEST carbon model is used. The model is only used for a simple calculation, the main benefit has been drawn
from the methodology, literature referrals and tips on calculating the carbon sequestration.
4. Revised Universal Soil Loss Equation (RUSLE)
To measure the impact of the rainwater harvesting and erosion prevention techniques (Stone bunds and the use of
cover crops between the rows) on soil loss and thus nutrient loss, the Universal Soil Loss Equation is used. The
Universal Soil Loss Equation (USLE) developed by Wischmeier and Smith (1965, 1978) is widely used to
calculate the soil loss of a given area. The model later is revised to the Revised Universal Soil Loss Equitation
(RUSLE) but the general equation the same (Renard et al. 1997).

2.3 DATA COLLECTION AND DETAILED RESEARCH APPROACH
This thesis is supported by multiple site visits during 3,5 months of fieldwork in Marrakech, from October to
December in 2016. Group meetings have been attended over the course of two days to get a general feeling of the
project area, getting to know the key locations and interaction with the local inhabitants. Cooperation with the
university of Marrakech provided input for proper data harvesting and indicating the managerial constrictions or
freedoms in which research could be conducted. In the last weeks of the visit in Morocco a series of project site
visits were performed for short semi-structured interviews with the local inhabitants. Along with a local guide and
a translator from the university of Marrakech, multiple farms and douars were visited and with roughly 24
inhabitants interviewed. The interview was loosely structured because little information was known on the day to
day life of the local inhabitants due to practical difficulties. Setting up a loose interview structure gave room for
a conversation in which the local inhabitants explained the ins and outs of their day to daily interactions with the
communities and the environment, without steering. See Appendix 4 for the interview structure. The information
obtained from field work is supported by literature, models and calculations further detailed in this chapter.
The following sub-chapters are separated between the “Quantification of selected ecosystem services” and the
“Monetization” of selected ecosystem services and costs. Describing the data collection and detailing how the
calculations are constructed per ecosystem service.

2.3.1 “QUANTIFICATION ” OF SELECTED ECOSYSTEM SERVICES
1. Carbon sequestration and storage
The thesis follows the inVEST approach for estimating the carbon stock. For future research, the inVEST
approach as constructed in this thesis allows for literature based data to be replaced by field specific
measurements. The carbon stocks [tonne carbon / ha] retrieved from literature are: Aboveground Biomass,
Belowground biomass, Soil organic carbon & Dead organic matter. Specific carbon stock values are then assigned
to each Land use land cover (LULC) classification in the area.
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The current situation is classified with the help of Sentinel 2 (Copernicus Sentinel data, 2016) satellite data (see
Figure 2.3 & 2.4). The LULC map is specified using the ‘Maximum likelihood classification’ technique in
ArcGIS. The classifications for the current situation are; Rain fed vegetation, Rain fed agriculture, Bare soil &
Urban, Olive plantations. These classes are selected by experimenting with different setups of composite bands
along with field visits. The final classification is based on the composite bands: Band 3 (560 nm), Band 4 (665
nm) and Band 8 (842 nm) called false colour infrared. This composition is able to show the most detailed view of
vegetation on a 10m x 10m grid size instead of a 20m, 30m or 60m grid size with the other combinations. The
satellite image is shot at 12th of January 2017 thus at the start of the agricultural season. Rain fed agriculture covers
both pastures used for cereals and cactus farms (pink, slightly red parts). Rain fed vegetation encompasses all
areas where agriculture is not present and a little vegetation is observed in the image (mainly green with a few
slightly pink parts. Most vegetation is not active yet in January thus a distinction can be made with the agricultural
pastures). The olive plantations are visible in bright red because they have more biomass and are thus separated
easily. Bare soil, is separated into two classifications, one for the white and one for the blue parts visible in the
image encompassing both urban areas as bare soil and roads.

Figure 2.3 (left): Natural colours, Project area Rehamna province (Copernicus Sentinel data, 2016)
Figure 2.4 (right): False colour infrared, composite band: 842 nm (red) 665 nm (green) 560 nm (blue), of the
project area (Copernicus Sentinel data, 2016).
The future situation is classified by the three catchment levels; High, Middle and Low. The future carbon stocks
will be calculated based on the carbon stocks used for the current situation. As a result of the surface distribution
of the different species (row width, grid space of a tree, etc. as seen in Chapter 3.4), a percentual value is given
based on land use. After making an estimate for the carbon stocks the values will be adjusted to account for total
land coverage because not all land will be covered by agriculture, a value is used of 80% which is a simple
estimate. For example: the high catchment area will consist of 20% olive and carob trees, 20% cactus barriers
and 60% rain fed vegetation. A single value is given to the ‘above ground carbon stock of the future situation’ =
(0.2 x [Olive tree tonne C/ha] + 0.2 x [rain fed agriculture tonne C/ha] + 0.6 x [rain fed vegetation tonne
C/ha])*0.8.
The two LULC maps are input for the InVEST model, the model output is the carbon stock in tonne carbon for
the current and a future situation. The inVEST model has solely been used for adding the four stocks and creating
a total sum of carbon in the area, no extra functions of the model have been used. This number is then divided by
the number of years to reach maturity to calculate the annual carbon sequestration rate in tonne carbon/ha/yr.
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2. Erosion prevention and maintenance of soil fertility
The reader is advised to read about the Universal soil loss equation in Chapter 2.2 prior to this chapter.
The focus for this ecosystem service is set on soil fertility. This is achieved from calculating change in annual soil
loss rates in tonnes/ha/yr and using the nitrogen content in the soil to calculate the nitrogen lost annually. As
mentioned, both the current and future situation are thus analysed on annual soil loss. The annual soil loss is
calculated using the Universal Soil Loss Equation (USLE) developed by Wischmeier and Smith (1965, 1978).
The soil loss rate A (see Equation 1) is a result of multiple factors, the equation produces a long-term average
annual soil loss in tonnes per hectare per year (ton/ha/yr). For each factor, a factor map will be created in ArcGIS.
A final Soil loss map will be the result of stacking (multiplying) the individual factor maps. The Ecosystem
indicator will be Soil loss expressed in ton/ha/yr.
𝐴 = 𝑅  𝐾  𝐿𝑆  𝐶  𝑃

(Equation 1)

The soil loss rate A is a result of multiple factors, the equation produces a long-term average annual soil loss in
tonnes per hectare per year (ton/ha/yr): R stands for the Erosivity factor of rainfall in [mj  mm  ha-1  h-1  year1
], in other words the intensity of rainfall; K is the soil erodibility factor in [ton  ha  h  ha-1  mj-1  mm-1] that
expresses the extent or ease of rainfall and runoff to transport the soil, mostly based on texture; LS is the slope
length-gradient factor, a dimensionless unit; C is the Cover-management factor, depending on the tillage and crops
used, a dimensionless unit; P is the support practice factor, based on the practices to reduce water runoff and thus
erosion rates, the value is also dimensionless.
ArcGIS is used to map and calculate the independent factors. The factors are quantified on different layers which
will be multiplied to a single Soil Loss map A. Average values of the 3 catchments will be gathered from the two
versions of the Soil Loss map C and Soil Loss map F (Current and Future map). The map of the current situation
includes only the tillage methods and erosion prevention techniques used in the current situation. The future map
includes most of the management techniques as described by Justdiggit. Comparing the two maps we can calculate
the contribution of the project to long-term annual soil fertility otherwise lost to erosion. The loss in nutrients
however, depends on the nutrient availability in the soil. For this, the thesis simply uses the Nitrogen content of
the most common soil type.
The approach to calculate each individual factor map is further detailed below:
Erosivity (factor R)

The Erosivity factor R describes the intensity of rainfall in the given area. Weather data is limited in the project
area thus a different approach is needed. Corte (1991) designed an Equation based on annual rainfall expressed
as:
𝑌 = 2.8959 𝑋 + 0.002983 𝑋²

(Equation 1.1)

Y represents the annual index of rainfall Erosivity in [mj mm/ha h year] and X is the annual average precipitation
in mm/year. X is gathered from literature thus a final Y is then calculated.
Erodibility (factor K)

Wischmeier and Smith (1965, 1978) included the Erodibility factor K to include the extent to which soil is affected
by erosion from the rainfall. The K factor is based on the soil composition which influences the soil texture and
thus the K factor must be determined per soil type in the study area. The approach of Sharpley & Williams (1990)
is used to calculate the K factor from the soil type composition based on a product of five functions (1.2):
𝐸𝑟𝑜𝑑𝑖𝑏𝑖𝑙𝑖𝑡𝑦 (𝑓𝑎𝑐𝑡𝑜𝑟 𝐾) = 𝐴  𝐵  𝐶  𝐷  0.1317
where:
𝐴 = 0.2 + 0.3 exp(−0.0256 𝑆𝐴𝑁 (1 −
0.25 𝑂𝐶𝐴

𝐶 = 1.0 − 𝑂𝐶𝐴+𝑒𝑥𝑝 (3.72−2.95 𝑂𝐶𝐴)

𝑆𝐼𝐿
100

)

(Equation 1.2)
𝑆𝐼𝐿

(1.2.1) 𝐵 = ((𝐶𝐿𝐴+𝑆𝐼𝐿))
(1.2.3) 𝐷 = 1.0 −

0.3

(1.2.2)
0.70 𝑆𝑁1

𝑆𝑁1+exp(−5.41+22.9 𝑆𝑁1)
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Where; SAN, SIL and CLA are the percentage of sand, silt and clay in the top soil, respectively; OCA is the
organic carbon content; SN1 is the sand content subtracted from 1 and divided by 100 and 0.1317 is the conversion
of [(ton acre.hr)/(hundreds of acre ft-tonf.in)] to [(ton.ha.h)/(ha.MJ.mm)] which is requested in the USLE.
Slope length-gradient (factor LS)

The slope length-gradient factor LS stands for the topography in the study area (Wischmeier and Smith, 1978).
The LS factor it is a dimensionless unit constructed from the height differences and drainage path. To visualize:
a steeper slope catalyses a different interaction between the topsoil and runoff water. With a steeper slope the
runoff speed increases and in cooperation with the length (and thus amount of water) of the path it can vary
deposition rates and the ability of the water to absorb compounds from the soil. It is therefore likely to assume
that LS will be high in the southern hillside and low in the flat northern parts aside from the parts where water
will accumulate. To calculate the LS factor Equation (1.3) is used from Moore and Burch (1986) and calculated
in ArcGIS as presented by the ESRI forum (2017).
𝐿𝑆 = (

𝐴𝑠

𝑚

) (

22.13

𝑠𝑖𝑛𝛽
0.0896

𝑛

) 𝑛

(Equation 1.3)

Where m is a constant of 0.4 and n is 1.4 (n = m + 1). β is the Slope in angle degrees, the Global digital elevation
model (NASA JPL, 2009) is used as input to retrieve the height differences in the project area. The ‘slope’ tool in
ArcGIS calculates the slope from the GDEM. As is the calculated flow accumulation times the cell resolution.
The resolution of the GDEM is 30 m x 30 m thus set at 30 m (NASA JPL, 2009). As is calculated with the ArcGIS
Hydro tools add-on. The Hydro tool add-on determines the slope path and accumulation by dividing the study
area in cells. Each of the cells is given the a value of 1 from which the accumulation is the sum of cells in a runoff
path. The runoff path is the result of the GDEM.
Cover-management (factor C)

The factor C is a constant between 0 and 1 to include surface cover and management practices in the area.
Vegetation for example decreases the erosion rates, therefore the C factor of a vegetated area will be lower than
an area of bare soil. In the RUSLE equation the C factor is a product of two unit less values between 0 and 1. One
value for the surface cover and one for the management, both gathered from literature. The current and future
scenario will have different C factor values due to a change in surface cover by the planned interventions, thus
two different C factor maps will be used for the final calculation.
For the current situation a classification is made with the maximum likelihood technique in ArcGIS from Sentinel
2 imagery (see Figure 2.5). The satellite imagery is used to differentiate 3 surface covers; Cereals and cactus, olive
trees and bare soil. This is a rough estimate because it matches the literature classifications and more detailed
management and surface cover values could not be obtained. In Figure 2.6 the vegetation coverage can be
observed in purple. The darker the purple the denser the vegetation. The imagery combined with knowledge from
the field visits makes it possible to assign the inputs for the ArcGIS classification. The future situation will
categorized in the catchment areas low, middle and high. A rough estimate along with literature values based on
canopy and ground coverage will lead to an educative guess of the future C factor values.
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Figure 2.5 (left): Natural colours, Project area Rehamna province (Copernicus Sentinel data, 2016)
Figure 2.6 (right): Colour Infrared, composite band: 705 nm (red) 665 nm (green) 560 nm (blue), of the project
area (Copernicus Sentinel data, 2016).
Support practice (factor P)

The support practice factor P stands for the interventions used to reduce soil erosion in the project area. This can
be done by a variety of techniques, see Appendix 5 for images of support practises discussed in this chapter. The
effectiveness of the support practices dependents on the slope of the plot. Therefore different P factor values are
assigned to different slopes. Starting with the GDEM, ArcGIS is used to determine the slopes of the project area
in percentage rise. A categorization is made based on the slope intervals of Shin (1999). Per slope interval (for
example 0.0% to 7.0%) a P factor value is assigned based on the support practice. Two separate P factor maps
will be used in the final calculation.
Final calculation

The final soil loss rates based on the Universal Soil Loss Equation (USLE) are calculated based on the factor
values mentioned in this chapter. The created maps of the different factors are multiplied with ArcGIS following
the previously mentioned Equation 1. This multiplication can be explained by visualizing layers (output maps)
placed top of each other. The result of the final calculation is multiplied with the Nitrogen content in the top soil
(based on DSMW background information). This results in a final value of Nitrogen lost per year due to erosion.
3. Moderation of extreme events
The moderation of extreme events is divided into floods and landslides. Data from the USLE (3.2) will be used to
estimate the future annual events through the percentual decrease in soil loss and through estimates of the damages
from field interviews with the local inhabitants. The ecosystem indicator will be the number of floods and
landslides and description of the damages in a given year.
4. Food & Raw materials
The agricultural harvest, livestock products and products resulting from other current land uses are retrieved from
short interviews with the local farmers. The ecosystem indicators will be a given yield in kg/ha/yr per crop or
product. Data from the interviews will show the products sold and used originating from the environment as
explained by the local inhabitants. Future products will be based on this local knowledge and supported by
literature when needed.
Results for the current situation are based on 22 short, structured interviews of farmers in the region in 30-40
hours of active fieldwork, supported by a community meeting of two days. The interview guidelines can be viewed
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in Appendix 4. Along with a translator and a local guide, the interviews were personal and provided room for
open questions to gather the full potential of the land as described by the local inhabitants. In total 765ha is covered
in which 665ha in the middle and high catchments and 100ha in the low catchment. The middle and high
catchments are combined because it was difficult for the farmers to conclude on which side of the map their field
was situated and the land use division in both catchments is roughly the same. Compared to the 3450ha of the
project area, 765ha gives a representable understanding of their land use and data is therefore extrapolated to gain
project area average values.
For the future yield, generalized or extrapolated data from the local inhabitants is combined with a description of
the planned interventions from Justdiggit (Justdiggit, Personal communication, 2016) and literature. Assumed is
that 100% of the surface area will be included in the project interventions although in practice this can be less due
to exclusion of inhabitants with land ownership if they are not interested. However this will likely be a small
amount considering the participatory meetings in October 2016 were positive. From a list of suggested vegetation,
an expert in local cultivation (Prof. Abdelaziz Abbad of the university of Marrakech) suggested the following
species to be included in the project; Olive trees, Carob trees, Cactus, Wheat, Barley, Lentils, Cumin & Argan
Trees. Due to a lack of local data the species Argan & lentils are not included in the calculation.
The high catchment will be enriched by element de banquettes. This is a type of earth bund / terraces to prevent
soil erosion and slow down runoff water to improve water to soil filtration rates. Trees are placed behind the
terraces to further support the erosion control. For the high catchment the calculation is based on a combination
of terraces supported by either a Carob of an Olive tree. In between the trees livestock will be able to graze
(assuming the trees are protected from grazing in their first years) and cactus is used as natural fencing and erosion
control. See Figure 2.7 for a visual interpretation.
X

Y

Figure 2.7: Visual interpretation of land use interventions in the high catchment. X & Y are solely for explanatory
purposes in this chapter. C stands for Carob tree, O for Olive tree, the terraces are the intervention terraces by
JUSTDIGGIT.
For the calculation, a thickness of 5m is used for the natural barriers of cactus with a spacing by the livestock
surface of 20m in (Y) whilst covering the full width of the project area (X). Carob & olive is spaced in 2 rows in
the livestock area with the terraces, thus 8 trees per 100m in (Y). Tree spacing in (X) is set at 10m thus 10 trees
on 100m. This creates 80 trees/ha of which 40 Carob and 40 Olive. The spacing for the terraces is 5m in (X) thus
1 in 2 terraces are supported by a tree.
The middle catchment will consist of a agro-forestry system based on alley cropping of olive and carob trees.
Between the trees cover crops (cumin) will be present to provide a product as well as retaining water with their
short, dense root system (see Figure 2.8). The wheat and barley can be used for bread as well as supporting fodder
for the high catchment if the need is there. Trees will be put in water boxes and supported by mulching. The yield
estimates are based on adjusted local data and not tailored to these new practices because data is limited.
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Y

Figure 2.8: Visual interpretation of land use interventions in the middle catchment. X & Y are solely for
explanatory purposes in this chapter. C stands for Carob tree, O for Olive tree, F for filler crops of cumin &
terraces are the intervention terraces by JUSTDIGGIT.
The row of olive and carob trees with the cumin as cover crop is set at 10m (Y). The carob trees are set at a spacing
of 10m x 10m (X,Y) alternating with olive trees spaced at 5m x 5m (X,Y). The cumin is set to 10m (Y) stretching
along the complete project width.
Agricultural land use in the low catchment will be extended to cover more surface area and reduce the patches
of barren soil in between the olive farms. Land surface usage is therefore set to 80% up from 30% used in the
calculation of the current situation. The proposed interventions focus mainly on training and capacity building of
farmers, thus an estimate will be made on the water consumption based on literature and field info. Olive tree
spacing is set to 8m x 8m.

2.3.2 “MONETIZATION ” OF SELECTED ECOSYSTEM SERVICES AND COSTS
1. Carbon sequestration and storage
The chapter starts with the direct market valuation of the annual change in carbon stored in the project area. This
is done by multiplying the international market value of carbon with the amount of carbon estimated with the
inVEST approach. This is then compensated for the atomic mass of carbon in comparison to the molecular weight
of carbon dioxide equivalents, which is heavier due to the extra weight of the two oxygen atoms.
2. Erosion prevention and maintenance of soil fertility
The calculated annual change in nitrogen loss due to erosion is multiplied with the price of a commonly used
fertilizer, labelled as replacement costs. The market price of the fertilizer is obtained through field interviews and
the fertilizer composition is estimated based on the most commonly used fertilizers through literature. The
composition of the fertilizer will state the atomic mass of nitrogen present in the solution compared to the
molecular weight of the substance. The calculation will therefore include the exact amount of fertilizer needed to
replace the nitrogen prevented from eroding from the project area.
3. Moderation of extreme events
Monetization will be done using info gather from the local inhabitants using interviews and using the avoided cost
method. Current situation damages from extreme events will be described and expressed in the local currency.
Using the ecosystem indicator a change in number of events and thus future damages creates the future economic
value.
4. Food & Raw materials
Both the current and future situations are monetized through the use of market values obtained from the local
farmers as well as a market survey in Sidi Bou Othmane. The monetization for food and raw materials is primarily
aimed to produce direct market values per input and output and multiply them with the ecosystem service
quantities. Because all farmers sell their products to the same buyers or at the same market, they have somewhat
fixed pricing on all goods. A final estimation by a group of roughly 10 farmers creates the primary inputs for the
monetization of 80% of the produced goods. This is afterwards checked on the local market in Side Bou Othmane
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for errors. For the newly introduced products, a market survey compares values from different merchant on the
local market and the average is included in the calculation.
5. Costs
The initial project costs (investment) are not calculated in this thesis but obtained from Justdiggit. Values are used
by are detailed estimation by Justdiggit in cooperation with their local expert from the university of Marrakech.
A short description is given on their approach and the final results are presented. The annual project costs
(fertilization, irrigation, ploughing, fodder) are included as ‘inputs’ in the chapters concerning ‘food and raw
materials’.
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3 ECOSYSTEM SERVICE QUANTIFICATION
This chapter shows the results of the first step towards monetizing the ecosystem services, namely: obtaining the
units of the previously set indicators appointed to the ecosystem services. This results of this chapter thus serve
as an input for Chapter 4. The indicators and units presented are; Carbon sequestration and storage, tonne carbon
stored in the project area (tC); Raw materials and Food, the weight of raw materials and Food harvested (tonne/yr);
Erosion prevention and maintenance of soil fertility, amount of Nitrogen prevented from escaping the project area
due to rainfall runoff (tN/yr); Moderation of extreme events, quantities of floods affecting inhabitants (#/yr). A
detailed description of the indicators and methodology can be found in chapter 2.
[It is of utmost importance that the reader realises that the values presented in this chapter are estimates
and thus must be treated as such.]

3.1 CARBON SEQUESTRATION AND STORAGE
This chapter presents the difference in the amount of carbon stored in the project area between the current situation
and the future situation (after project interventions) based on vegetation cover. The carbon currently stored in the
project area is calculated through the combination of literature and satellite imagery. The inVEST model is used
solely for its methodology and to make the final calculation, which is nothing more than multiply the carbon
stocks with the land use areas. The step to step process is more thoroughly explained in chapter 2.3.
The first step for quantifying the current situation, assigning land use land cover (LULC) classifications, is
obtained by the Sentinel 2A (Copernicus Sentinel data, 2016) images. The result is an classification based on
reflectiveness through ‘composite bands’ and is shown in Figure 3.1. To increase accuracy the classification
process bare soil is separated in two columns. Due to an image error, the hillside areas in the south have been
separated. The image error class has been assigned individual carbon stocks. For the future situation, a detailed
class assignment does not suit the lack of certainty of the future situation. As previously explained in chapter 2.3.1
the future situation is therefore classified based on the catchment areas; Low, Middle and High. See Figure 3.2.

Figure 3.1 (left): Current maximum likelihood classification as input for inVEST.
Figure 3.2 (right): Future classification based on catchment areas as input for inVEST.
The next step is to assign carbon stocks to the selected classes. IPCC literature provides estimates of carbon
stocks (above ground carbon, below ground carbon, soil organic carbon & dead litter) based on land use, climate
and temperature regions and ecological zones. From literature the project area is labelled as an sub-tropical climate
domain with a warm temperate dry climate region. The thermal climate is subtropics with winter rainfall and the
thermal zone is subtropics, warm/mod. cool (GAEZ, 2012). The ecological zone is an sub-tropical steppe
surrounded by sub-tropical forests regions (FAO, 2013). The four carbon stocks retrieved from IPCC estimates
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are then assigned to the above mentioned classes. The carbon stocks for above ground carbon in the IPCC literature
are shown in biomass, these are converted from biomass to carbon content with a carbon fraction of 0.47 (IPCC,
2006; chapter 4, Table 4.3). The soil organic carbon (tonne C/ha) is difficult to estimate based on land use. IPCC
therefore advises to assign a single value based on the soil-climate types a thus a single value for all classes in
both the current and future situation is used (IPCC, 2006; chapter 2, p. 2.31). For a Warm temperate dry climate
with high activity clay soils between 0-30cm depth and based on the soils in the study area (Gleyic Solonchacks,
Eutric Regosols & Calcic Xerosols from the Digital Soil Map of the World (FAO, 2007)) a carbon content of 38
tonne C/ha is assigned to all classes. IPCC documentation further advises to use a dead litter value of 0 tonne C/ha
when no field measurements are taken in agricultural areas that stay agricultural areas (IPCC, 2006; chapter 5, p.
5.13). Both above and below ground carbon stocks are discussed below and an total overview is visible in Table
3.1.
Current situation
Olive trees above ground carbon stocks in the current situation, are based on a Subtropical dry forest plantation
derived from 60 tonne biomass/ha (Table 4.12). Converted to carbon content the above ground carbon value for
olive trees is set at 28.2 tonne C/ha. Bare soil is given a value of 0 for both aboveground and below ground carbon
stocks, as observed during the field visits barely anything grows in these areas. The rain fed agriculture class
covers the cereals wheat and barley grown in the area as well as the cactus farms. Based on Temperate (all moisture
regimes) Perennial cropland a single value is chosen of 0.99 tonne C/ha (converted from 2.1 tonne biomass/ha).
The value used for rain fed vegetation is based on default carbon stocks present at grasslands. A warm temperate
dry region results in 1.6 tonne biomass/ha and thus 0.75 tonne C/ha (IPCC, 2006; chapter 6 ,Table 6.4). For the
image error an average of the values for bare soil and rain fed vegetation is used, considering there is little to no
agriculture present in these hillsides.
The below ground carbon stock is based on a root to shoot ration as advised by inVEST and the IPCC chapters
(Sharp, et.al., 2015; IPCC, 2006). Based on the Subtropical steppe a root to shoot ratio is selected of 0.32 (IPCC,
2006; chapter 4 ,Table 4.4). The aboveground carbon stocks are thus multiplied by 0.32 to retrieve the below
ground carbon content.
Table 3.1: LULC division and carbon stocks from IPCC assessment (IPCC, 2006) for the current situation based
on MSI and a MSI images and a Maximum likelihood classification in tonne carbon per hectare.
C_above

C_below

C_soil

C_dead

Olive trees

28.20

9.02

38.00

0.00

Bare soil 01

0.00

0.00

38.00

0.00

Bare soil 02

0.00

0.00

38.00

0.00

Image error

0.38

0.12

38.00

0.00

Rain fed agriculture

0.99

0.32

38.00

0.00

Rain fed vegetation

0.75

0.24

38.00

0.00

Future situation
The future situation is derived from the IPCC values harvested for the current situation. These values are
multiplied by a rough estimate of the land use division after project implementation. The low catchment in the
future situation is solely used for olive production thus is set at 100% olive. A final cover percentage is used to
include any bare soil, roads and urban areas in the future project site. The rough division is derived from the future
situation as explained in (chapter 3.4) and can be seen in Table 3.2.
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Table 3.2: LULC calculated percentual division of project interventions as input for carbon stocks from literature.
Olive/carob

Rainfed agr.

Rainfed veg.

Cover

High

20%

20%

60%

80%

Middle

33%

67%

0%

80%

Lower

100%

0%

0%

80%

Multiplying the percentual values shown in Table 3.2 with the values used for the current situation results in the
final carbon stocks as seen in Table 3.3 below. Again, the same values are used for soil organic carbon and the
dead litter content.
Table 3.3: LULC division and carbon stock for the future situation based on literature and field surveys in tonne
carbon per hectare.
LULC_name

C_above

C_below

C_soil

C_dead

High

5.03

1.61

38.00

0.00

Middle

8.10

2.60

38.00

0.00

Lower

22.60

7.20

38.00

0.00

Project wide values
The InVEST: Carbon model is used to retrieve project wide values. As previously mentioned, no extra input is
given to the model thus it only adds the values set for the four carbon pools and results with a total carbon stock
of the area which can be observed in Table 3.4 below. An increase can be observed of 39,800 tonne carbon in the
future situation (+ 27%). When assumed the project needs 20 years to reach full maturity in which all trees and
bunds are in place and of reasonable size, a sequestration rate can be calculated of 1,990 tonnes of carbon per
year.
Table 3.4: Total carbon stocks and estimated change in carbon storage after project implementation
Situation
current

Amount
145,000

Unit
tC

future

184,800

tC

change

39,800

tC

time to reach maturity

20

years

sequestration rate

1,990

tC/yr
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3.2 EROSION PREVENTION AND MAINTENANCE OF SOIL FERTILITY
3.2.1 EROSIVITY ( FACTOR R)
Because the project area is rather small, precipitation differences will be minimal. The average rainfall
precipitation is calculated with a data range of 1980 to 2012 (see Table 3.5) and results in an intensity of 238 mm
per year (Tahari, 2014). Using the formula of Corte (1991) the single Erosivity value Y can be calculated:
Y= 2.8959 (238) + 0.002983 (238)² = 858 [mj  mm  ha-1  h-1  year-1]

[Equation 3.1]

Due to the small effect the of the single project on the hydrological cycle, the single value (858 mj  mm  ha-1 
h-1  year-1) is used for both the Current and Future calculation.
Table 3.5: Rainfall intensity 1980-2012 in mm/yr Marrakech (Tahari, 2014)
Year
1980
1981
1982
1983
1984
1985
1986
1987
1988

mm/yr
256
67
509
288
268
197
121
146
239

Year
1989
1990
1991
1992
1993
1994
1995
1996
1997

mm/yr
217
128
320
132
165
197
310
373
344

Year
1998
1999
2000
2001
2002
2003
2004
2005
2006

mm/yr
228
150
111
270
217
410

Year
2007
2008
2009
2010
2011
2012

mm/yr
194
225
325
261
227
248

3.2.2 ERODIBILITY (FACTOR K)
Using the Digital Soil Map of the World (DSMW) (FAO, 2007) three different soil types can be observed in the
project area; Gleyic Solonchacks, Eutric Regosols & Calcic Xerosols (see Figure 3.3). We observe a hint of Eutric
Regosols (red) in the mountainous area, this is not neglected due to the likeliness of high erosion rates as a result
of steeper slopes.

Figure 3.3: Digital Soil Map of the World (FAO, 2007) shows 3 soil categories in the study area; Gleyic
Solonchacks (blue), Eutric Regosols (red) & Calcic Xerosols (green). Valuated to the calculated K factors in
[(ton.ha.h)/(ha.MJ.mm)].
The background data of the DSMW (FAO, 2007) provides the more information on the soil compositions. The
percentages used in the equation are shown in Table 3.6 (See background data (Excel file) for more information
on the calculations). The intermediate results A, C & D show little to no variance. B however shows a large
variance for the Gleyic Solonchacks (blue in Figure 3.3) due to the increased percentage of clay particles at the
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cost of silt (see Equation 1.2.2). The product of the values A, B, C & D shows the final erodibility factor K. There
can be observed that the increase in clay particles and decrease in silt particles makes the Gleyic Solonchacks less
fragile by erosion expressed in a low K factor. The variances between the Calcic Xerosols and the Eutric Regosols
are less notable. The erodibility factors K are both used for the current and the future situation.
Table 3.6: Estimated percentages of the compounds present in the soil of the project area based on the DSMW
(FAO, 2007). Results of Sharpley & Williams (Equation 1.2), the K value represents the product of the values A,
B, C & D converted to [(ton.ha.h)/(ha.MJ.mm)].
Soil type
Calcic Xerosols
(XK)
Gleyic
Solonchacks
(ZG)
Eutric Regosols
(RE)

sand
Topsoil
%
(SAN)

silt
Topsoil
%
(SIL)

clay
Topsoil
%
(CLA)

organic
carbon
%
(OCA)

A

B

C

D

Erodibility
K

48.7

29.9

21.6

0.64

0.20

0.85

0.98

0.99

0.022

47.8

8.5

43.8

0.38

0.20

0.58

0.99

0.99

0.015

68.3

15.1

16.6

0.5

0.20

0.80

0.99

0.96

0.020

3.2.3 SLOPE LENGTH -GRADIENT FACTOR LS
The GDEM (Figure 3.4) clearly shows the elevation increase in the south of the project area. An increase of 522
meters from the lowest elevation point. The southern area is impacted the most by erosion as the slopes angles (β)
are by far the steepest as observed in Figure 3.5. The slopes range from 0 to 16 degrees in the low and middle
catchment, whilst ranking up to 38 degrees in the south (NASA JPL, 2009). From the field trips some of the runoff
paths were clearly visible thus ‘used’ and ‘avoided’ by the local inhabitants. The small, wider accumulated points
were used to stable some of the larger animals as donkeys and a single horse (used). The buildings were placed
only on the top of the slopes (avoided).

Figure 3.4 (left): ASTER Global digital elevation model (GDEM) of the project area varying from 941 m (black)
to 419 m (white) (NASA JPL, 2009).
Figure 3.5 (right): Slope in degrees rise of the project area.
The slope accumulation As in Figure 3.6 slows the runoff paths as estimated by the GDEM and ArcGIS Hydrotools. Figure 3.7 shows us the final result of LS calculated per grid cell of the GDEM (30m x 30m) based on
Equation 1.3 from Moore and Burch (1986). The high values are assigned to the runoff path and the southern part
of the area as expected. The final LS factor map is a combination of the GDEM slope As expected peak LS values
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can be observed in the southern parts but the influence of accumulation can also be observed in peak values in all
across the study area. The values range from 0 to 3.2 (dimensionless unit) and are both used for the current and
the future situation.

Figure 3.6 (left): Flow accumulation As in cell count accumulation, by the ArcGIS hydro tools add-on.
Figure 3.7 (right): Final LS factor calculated from Equation (1.3) from Moore and Burch (1986).

3.2.4 COVER-MANAGEMENT FACTOR C
The current surface cover is categorized in three C factor values; cereals (spring & winter) and natural rain fed
vegetation, fruit trees with cover crops, bare soil and urban areas (Figure 3.8). The future scenario is simplified
and categorized by the intervention zones; low, middle and high catchment (Figure 3.9).

Figure 3.8 (left): Image classification based on Sentinel MSI, the fruit trees stand for olive farms (blue) cereals
(red) and bare soil / little to no vegetation (green).
Figure 3.9 (right): Division of c factors for the future situation based on interventions zones low (south), mid, high
(north).
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For the C factor values for management and surface cover, data is used from the Georgia Soil Water and
Conservation Commission (2000) & Stone (2015). The C factor is based on the product of the management value
and surface cover value. For the current situation the values from Stone (2015) of Cereals (0.35) and fall ploughing
(1) are used because this matches the exact situation. This results in a final C factor of 0.35. The value for fruit
trees (0.1) is used for the olive trees in the low catchment along with ridge tilling (0.35) because that was observed
at some of the olive farms, resulting in a value of 0.035.
For the future situation the same C factor for the olive trees (0.035 based on fruit trees / ridge tilling) is used for
the low catchment. The value is based on a 100% olive tree coverage in the future scenario. For the middle and
high catchments literature is used that combines both surface cover and management values and solely provides
the final C factors. A C factor of 0.2 is used for the middle catchment which is based on 25% canopy cover and
20% ground cover. For the high catchment a C factor of 0.07 is used which is based on 50% canopy cover and
40% ground cover (Georgia Soil Water and Conservation Commission, 2000). The canopy cover percentages are
the portion of total-area surface that would be hidden from view by canopy in a vertical projection. The ground
cover is the coverage that contacts the soil surface. Both values are based on a canopy of tall weeds or short
brushes, the specific c factor of the olive and carob trees is not included because the C factors are roughly the
same as cereals when ridge tilling is not included, peak variance in c factor of 0.02. (Georgia Soil Water and
Conservation Commission, 2000). See Table 3.7 for the complete overview of the final C factor values.
Table 3.7: Assigned C factor to surface cover, interpreted values from Georgia Soil Water and Conservation
Commission (2000) & Stone (2015)
Current surface cover
Cereals (spring & winter) and
natural rain fed vegetation
Fruit trees
Bare soil / Urban
Future surface cover
Low
Middle
High

C1

Management

C2

C factor
(C1 * C2)

0.35

Fall plow

1

0.35

0.1
1

Ridge tilling
None

0.35
1

0.035
1
C factor

0.1
0.07
0.2

Ridge tilling
N/A
N/A

0.35
-

0.035
0.07
0.2

3.2.5 SUPPORT PRACTICE FACTOR P
The P factor data used from Shin (1999) uses the slope (in percentage rise) categorization shown in Table 3.8.
Starting with the GDEM, ArcGIS is used to determine the slopes of the project area in percentage rise.
Table 3.8: Current P factors for different slope percentages (Shin, 1999)
Slope (%)

Contouring

Strip cropping

Terracing

0.0 - 7.0
7.0 - 11.3
11.3 - 17.6
17.6 - 26.8
>26.8

0.55
0.60
0.80
0.90
1.00

0.27
0.30
0.40
0.45
0.50

0.10
0.12
0.16
0.18
0.20

For the current situation (Figure 3.10) the P factor values are used for contouring, the majority of the local farmers
plough in a line perpendicular to the slope. Because they only grow cereal, strip cropping is currently not (barely)
in use as the slopes are covered with lines of either wheat or barley. Pastures of wheat and barley are randomly
assigned, there is therefore is no structural set up to label it as ‘strip cropping’ for erosion control. Terraces are
not present in the project area thus excluded from the current situation.
For the future situation (Figure 3.11) the project area is again divided based on the intervention techniques which
vary in the low, middle and high catchment areas. The intervention support practices will not change much in the
low catchment thus the values are used for contouring. In the middle catchment, a combination of contouring,
strip cropping and small terraces are used to mitigate the erosion, therefore a mean value of the three is used.
Reverse slope bench terraces are similar to the element de banquettes used in the high catchment. Reverse slope
bench terraces have a P factor of 0.2 (Wischmeier & Smith, 1978) at a 0-7% slope. Data is only available for 0-
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7%. The P factor values of the remaining slope percentages are estimated with the values for terracing from Shin
(1999). Meaning ‘P reverse slope bench terraces’ is roughly 2x ‘P terraces’. Table 3.9 shows an overview over
the values used for the future situation and Figure 3.11 shows the final P factor map.
Table 3.9: Future P factors for different slope percentages (Shin, 1999) with adjusted values for the high
catchment.
Slope (%)

Low
Contouring

Middle
Strip./ Cont./terra.

0.0 - 7.0
7.0 - 11.3
11.3 - 17.6
17.6 - 26.8
>26.8

0.55
0.60
0.80
0.90
1.00

0.31
0.34
0.45
0.51
0.57

High
Reverse slope bench
terraces
0.20
0.24
0.32
0.36
0.40

Figure 3.10 (left): Current situation P factor values based on support practices (contouring) adjusted for slope
percentages from the GDEM as categorized in Table 3.9.
Figure 3.11 (right): Future situation P factor values based on support practices (contouring, strip cropping and
revers slope bench terraces) adjusted for slope percentages from the GDEM.
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3.2.6 CONCLUSION: SOIL LOSS RATES
A clear change in soil loss rates can be observed between the two calculations. The current situation has higher
peak values in the areas with steeper slopes and more elevation. The runoff paths can clearly be observed and
value run up to 31 ton/ha/year in the high catchment area. The future situation seems to be more evenly spread,
depicting low values along steeper slopes with much intervention techniques.

Figure 3.12 (left): Current situation: RUSLE erosion rates in ton/ha/year, see Equation 1.
Figure 3.13 (right): Future situation: RUSLE erosion rates in ton/ha/year, see Equation 1.
ArcGIS divides each value map (R, K, LS, C & P) in a raster. The average soil loss rate in the project area is
calculated using the cell count of each of the value maps. Multiplying the average soil loss with the watershed
size gives us the final soil loss rates in ton/year for both calculations (see Table 3.10). The change in soil loss
between the current and future situation is calculated at 0.33 ton/ha/year and 1137 ton/year in total (all values can
be found in the support Excel document).
The DSMW background data shows the top soil composition of the soil present in the study area. The Gleyic
Solonchacks (blue) have an estimated nitrogen content 0.05%, Eutric Regosols (red) 0.05% & Calcic Xerosols
(green) 0.03% (FAO, 2007). Whilst comparing the erosion rate maps in Figure 3.12 & 3.13 above to the soil maps
in Figure 3.3 one can make a valid guess that most of the erosion takes place in the Calcic Xerosols parts of the
project area. Therefore the value of 0.03% nitrogen content is used to calculate the final change in nitrogen (thus
main nutrient) lost by erosion. Multiplying the 0.03% with the previously calculated 1137 tonnes of soil loss gives
34 tonnes of nitrogen saved within the project area each year due to project interventions, an 80% decrease.
Table 3.10: Change in erosion rates based on project interventions by Justdiggit in (T/year) and (T/ha/year) based
on RUSLE Equation 1 shows a 79.7% decrease in soil loss.
Indicator
Average erosion rate (tonne/ha/year)
Watershed size (ha)
Total erosion rate (tonne/year)

Prevented average erosion rate (tonne/ha/year)
Total soil loss prevented (tonne/year)
soil nitrogen content (%)
Total nitrogen loss prevented (tN/year)

Current
situation
0.414

Future
situation
0.084
3449

1427

290

Change calculation
0.33
1137
0.03%
34
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3.3 MODERATION OF EXTREME EVENTS
The extreme events: flooding and landslides would have been quantified by estimating the annual occurrence and
gravity of events in the project area. However, due to data unreliability this ecosystem service is excluded from
future chapters in this thesis. After the structured fieldwork interviews it became clear that there was a
misunderstanding with the translator and the guide on the research question. This led to only one of the interviews
providing data on the damage from extreme events. This farmer estimated a damage to walls of his household
from flooding, occurring every 5 years with estimated repair costs of 5000 DH (520,- US$). Another reason of
exclusion is that due to practical reasons we were unable to visit Lakhrarba, the douar that is most likely to be
affected by extreme events due to their location on and near the hillsides.
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3.4 FOOD & RAW MATERIALS
The ecosystem services Food and Raw materials are combined in this chapter due the interactivity and dependence
of the two. Firewood for example is harvested from the olive trees, thus depending on the quantity of these trees
and wool is related to the number of sheep slaughtered and annually shaved in the area. The current situation is
calculated in close contact with the local inhabitants made possible with a translator and a local guide. Numbers
retrieved from the inhabitants are also used as input to calculate the future (after project implementation) scenario
as well as literature. Environmental indicators for this ecosystem service are product specific because market
values can change. For an overview of the excel documents attached to this chapter see Appendix 5.

3.4.1 CURRENT SITUATION
The land use practice in the middle and high catchment areas consists of Cactus farms, Mixed wheat/barley and
livestock and olive trees (Figure 3.14). The division in the low catchment is dominated by olive trees with bare
soil, houses, a road and some wheat/barley in between the fields. For the low catchment, not all of the 100 ha was
situated in the project area, some was just outside the borders neighbouring the most northern Douar.
700
600
400

Owned

Hectare

500
300
200
100
0
Cactus

W/B/
Livestock

Olive

900
800
700
600
500
400
300
200
100
0
Sheep

Goats Chickens Cows

Livestock

Species

Rabbits Boxes of
Bees

Figure 3.14 (left): Agricultural division in the middle and high catchment based on 665 ha and n=15
Figure 3.15 (right): Livestock division in the middle and high catchment based on 665 ha and n=15
1) Grazing land in the middle and high catchment is combined with crops as wheat and barley due to the annual
meteorological conditions. The dry season is quite long resulting in a short growing season starting around
November/December. Livestock is herded in the hills just outside the project area in both seasons and on the
wheat/barley pastures in the dry season to pick off any short bushes and remains of the dried vegetation. As seen
in Figure 3.15 sheep are the main livestock present in the area, there are used for their milk, lamb meat, wool and
manure. Goats are held for their milk and meat which are only held by a single farmers family. Chickens adding
to the diversity of the local diet by produce eggs. Cows give a lot of milk as well as an expensive calf to sell. A
handful of inhabitants keep rabbits and from the interviewed farmers there was also a single beekeeper. The
calculation values of the products listed in Table 3.11 are based on estimates by the local inhabitants of the
production of a single animal. As an example: A single cow gives birth to 2 calves every 5 years and annually
produces around 2250 litres of milk. Not all farmers knew these values from the top of their head so we let them
decide together what where reasonable numbers. Based on these estimates an individual calculation (excel
spreadsheet) is done for each of the 22 interviewed farmers.
Table 3.11: Livestock yield group estimates by +/- 10 local inhabitants
Animals
amount
Products / time
Chickens lay
1 cow gives
1 cow lays
1 Sheep gives
1 Sheep lays
1 Sheep gives

7.2
2,250
0.4
45
0.4
1.5

eggs per month
L milk a year
Calf / yr
L milk a year
Lambs /yr
kg/wool/year
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2) Wheat and Barley is used for bread and sold to the nearby market, saved for seeding or used as fodder. Saving
seeds for next season is not a standard practice to all farmers because some only have limited space for safe
storage. Due to the dry and wet season, agricultural yields vary greatly. In the transition period between the dry
and the wet season, the seed/yield ratio can go negative 1/<1 (1ton of seeding yields less than 1 ton of wheat or
barley). In the wet season this can go up as high as 1/15 although it averages around 1/7 in the wet season and
1/1.5 in the dry season. This for the total dry season, in the end/middle of the dry season no cereals are cultivated
as the land is barren.
3) Cactus is also active in providing fruit in the dry season only starting to dry out in the final months of the dry
season. The fruits are almost solely used as fodder. Because of their rich availability in the region as well as their
characteristic to rot fairly quick the local farmers state that it is difficult to sell them to consumers but are therefore
a reliable source as fodder. Especially in the final months of the dry season as food is rather scarce and the fruits
are not as sweet as preferred for human consumption. As an addition, the dried out green parts are sliced of the
cactus at the end of the dry season to provide extra fodder. See the discussion section for more information on the
exclusion of cactus.
4) Olives trees are the dominant agricultural species in the low catchment area. Two of the interviewed farmers
are owned by companies, LONDOC Marocain & Mansori. Agriculture is more developed in these parts, with the
use of irrigation and fertilization. These expenses are included at the bottom of Table 3.12. A positive contribution
is the firewood harvested from the olive trees.
5) Barren land is also present in patches because not all land is used for agriculture in both catchments. There a
correction is required to get values for the real land use. The middle & high catchment surface cover is set to
100% because the cereal crops are combined with livestock grazing area and is thus covering both land type uses.
The Low catchment has a large surface area of bare soil in some of the farmers graze but is mostly left untouched.
The land surface area usage is therefore set to 30% in the low catchment, thus multiplying all environmental
indicators with 0.3 (Table 3.12 is already corrected).
Table 3.12 shows the resulting values as well as the standard deviations and the minimum and maximum values
of the interviews. The standard deviations are based on the full surface area of the interviewer’s pasture. However,
some values indicated with the * are based on the surface area of the product. These are the standard deviations
and min max values of wheat and barley in both seasons and the olive farms. The reasons for this is to show the
high variance in the their yield estimates which in some values relates to decisions made to base estimates for the
future situation.
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Table 3.12: List of products harvested from the land in the project area. (n=15 for the middle and high catchments
with an area coverage of 665 ha, n=4 for the low catchment with an area coverage of 100 ha) standard deviations
(St.D) are based on total surface area, *standard deviations based on product specific agricultural land.

Middle & high
catchments

Low
catchment

Outputs

Values

St. Dev

Min

Values

St. Dev

Lamb

1.6

1.6

0

5

0.3

1.9

0

5

#/ha/year

Sheep/goat milk

218.8

297.4

0

1125

29.5

211.0

0

540

L/ha/year

Wool

6.3

9.3

0

38

1.0

7.0

0

18

kg/ha/year

Chicken

1.8

2.8

0

10

0.0

0.0

0

0

#/ha/year

Eggs

13.6

20.9

0

72

0.0

0.0

0

0

#/ha/year

Honey

0.01

0.0

0

0.15

0.0

0.0

0

0

kg/ha/year

Rabbit

0.1

0.3

0

1

0.0

0.0

0

0

#/ha/year

Calves

0.1

0.2

0

1

0.0

0.2

0

0

#/ha/year

Cow milk

288.4

588.9

0

2,250

144.2

1,049.1

0

2,700

L/ha/year

Dry s. W/B

128.7

1,72.8*

7*

750*

1.4

43.3*

0*

100*

kg/ha/yr

Wet s. W/B

935.7

1,216.1*

107*

5,000

13.6

433*

0*

1,000*

kg/ha/yr

Cactus

2.0

1.1

0

5

0.0

0.0

0

0

Boxes/ha/yr

Olives

44.8

0.2

0

667

1,182.3

4175.1*

0*

12,900*

kg/ha/yr

33.0

0.1

0

400

286.4

74.8

820

1000

kg/ha/yr

Seeding

240.3

277.9

14

1,000

0.0

0.0

0

0

kg/ha/yr

Fodder B/W

382.0

1,228.4

0

5,000

6.6

22.0

0

44

kg/ha/yr

Fodder Cactus

all

0.0

boxes/ha/yr

Fodder cact.. fruit

~99%

0.0

boxes/ha/yr

Irrigation

0.0

0.0

0

Fertilizer

0.0

0.0

0

Ploughing

0.5

0.2

0

Firewood

Max

Min

Max

Units

Inputs

0

118.5

102.9

292

498

m³/ha/yr

0

98.2

127.3

200

455

kg/ha/yr

1

0.0

0.0

0

0

ha/ha/yr

3.4.2 FUTURE SCENARIO
The future yield rates, as explained in chapter X, are estimated are based on literature and the data obtained for
the calculation of the current situation. The descriptions of the interventions with the estimates for spatial planning
are shown in Chapter 2.3.
High catchment
The high catchment requires the an estimation of livestock and agricultural product from Carob and olive trees.
Specific yield data of the carob tree could not be obtained locally but will be around 20 kg/tree/year considering
country specific data (FAO, 2016). From the field visit interviews the olive farmers state a yield of 50 kg/tree/yr
at highest to 25 kg/tree/yr at the lowest. The lowest value of 25 kg/tree/yr is taken because in observation the soil
looked dryer / less fertile than the low catchment and further reducing the yield of Carob and Olive with 20% due
to the lack of irrigation, which is purely an estimate. This leads to the total yield estimate shown in Table 3.13
below.
Table 3.13: Estimated product outputs for the high catchment after project implementation.
High catchment
Ouput
Carob [C]
Olive [O]
Firewood

amount
40
40
80

trees/ha
trees/ha
trees/ha

production
16
20
8

kg/tree/yr
kg/tree/yr
kg/tree/yr

Tot. values
640
1,000
615

kg/ha/yr
kg/ha/yr
kg/ha/yr

Livestock products are based on the total numbers of animals per hectare in the current situation calculations
middle & high catchment. this means the quantities of total livestock divided by the 665 ha of the middle & high
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catchment. Converted to products per animal/year leads us to the annual quantities per hectare shown in Table
3.14.
Table 3.14: Estimated livestock outputs for the High catchment after project implementation.
High catchment
Outputs

amount
(#/ha)

1 animal produces

Sheep

0.4
45
1.5
0.4
45
1
7.2
2,250
0.4
1

1.21
Goats
0.17
Chickens
0.57
Cows
0.06
Rabbits
Bees

0.09
-

Lambs/yr
L milk/yr
kg wool/yr
Lambs/yr
L milk/yr
chickens/yr
eggs/yr
L milk/yr
Calves/yr
#/year

Tot. values
0.5
54.5
1.8
0.1
7.4
0.6
4.1
128.6
0.0
0.1

#/ha/year
L/ha/year
kg/ha/year
#/ha/year
L/ha/year
#/ha/year
#/ha/year
L/ha/year
#/ha/year
#/ha/year

Middle catchment
For calculating the yield of carob the same data is used as the high catchment which is 20 kg/tree/year, this time
without the decrease by a lack of irrigation. The olive yield is set at the median of the estimated yields from the
interviewed farmers (25-50 makes 38 kg/tree/yr). For cumin, data is retrieved from literature and set on 300
kg/ha/yr (Kara. et al., 2015). Possible symbiosis for nutrient exchange in the soil between cover crops, olive and
carob is not taken into account. The stated values for irrigation fluctuated a lot between the 4 interviewed olive
farmers who were willing to estimate their usage ranging between 300, 500, 3500 and 10,000 m³/ha/yr.
Considering 300 and 500 seems more likely and the usage of water boxes, mulching and spate irrigation reduces
extra water needs so irrigation quantities are set to 400 m³/ha/yr. The firewood retrieved from carob trees has been
set the same as olive trees because no data could be obtained on harvesting carob specific values. 6 farmers
interviewed used fertilizers, setting the average at 1.2 ton/ha/yr. See Table 3.15 for the middle catchment specific
summation. Conserved yield from last season is either stored or managed internally thus not a cost to area in its
totality. The need to buy extra wheat and barley seeds is not taken into account because of the rich availability
and possible implementation of proper management.
Table 3.15: Estimated product inputs and outputs for the middle catchment after project implementation.
Middle catchment
Outputs

amount

production

Tot. values

Carob [C]
Olive [O]
Filler [F]
(Cumin)
W/B

17
67
0.33

trees/ha
trees/ha
ha/ha

20
38
300

kg/tree/yr
kg/tree/yr
kg/ha/yr

340
2513
99

kg/ha/yr
kg/ha/yr
kg/ha/yr

0.67

ha/ha

1,345

kg/ha/yr

901

kg/ha/yr

0.33
0.33
0.67
84

ha/ha
ha/ha
ha/ha
trees/ha

400
1,186
8

m³/ha/yr
kg/ha/yr
kg/tree/yr

132
391
0.7
646

m³/ha/yr
kg/ha/yr
ha/ha/yr
kg/ha/yr

Inputs
Irrigation
Fertilizer
Ploughing
Firewood

Low catchment
To include the training and management improvement in the calculation a high yield value of olive trees (50
kg/tree/yr) is used. The new intervention includes a technique to save water usage called SWAR (System of Water
for Agriculture Rejuvenation). The system can reduce irrigation needs by 50 % in relation to currently used drip
irrigation (Centre for Environment Concerns, 2016). Irrigation is calculated the same as for the middle catchment
and thus reduced by 50%. See Table 3.16 for the calculated outputs and inputs.
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Table 3.16: Estimated product inputs and outputs for the low catchment after project implementation.
Low catchment
Output

amount

production

Tot. values

Olive
Firewood

125
125

trees/ha
trees/ha

50
8

kg/tree/yr
kg/tree/yr

6250
962

kg/ha/yr
kg/ha/yr

Inputs
Fertilizer
Irrigation

0.8
0.8

ha/ha
ha/ha

1186
200

kg/ha/yr
m³/ha/yr

948
160

kg/ha/yr
m³/ha/yr

3.4.3 CONCLUSION: FOOD AND RAW MATERIALS
To calculate the project wide effect of the project interventions on the project’s livestock and agricultural inputs
and outputs the values described in the chapters before are multiplied by the surface areas of the catchments. Table
3.17 shows the increase (%) and decrease per input and output due to the implementation of the project. There
can clearly be observed that there will be an all-round decrease in livestock. This is however greatly compensated
by the increase in agricultural products like olives and the new additions, carob and cumin. Relating to these
changes a drop in the requirements for fodder and seeding will provide more opportunity to use the wheat and
barley for breadmaking. A downside is that the inputs requirements of irrigation and fertilization will increase
enormously.
Table 3.17: Estimated total values for the future and current situation including the change in percentages.
Outputs

Current
Mid/high

Low

Total #/year

Future
High

Mid

Low

Lamb
Sheep/goat milk
Wool
Chicken
Eggs
Honey
Rabbit
Calves
Cow milk

1.6
218.8
6.3
1.8
13.6
0.0
0.1
0.1
288.4

0.3
29.5
1.0
0.0
0.0
0.0
0.0
0.0
144.2

4,511
625,508
18,194
5,028
37,533
28
320
277
896,331

0.6
62.0
1.8
0.6
4.1
0.0
0.1
0.0
128.6

0.4
41.5
1.2
0.4
2.7
0.0
0.1
0.0
86.1

Dry s. W/B
Wet s. W/B
Cactus
Olives
Carob
Cumin
Firewood

128.7
1506.1
2.0
44.8
0.0
0.0
33.0

1.4
13.6
0.0
1182.3
0.0
0.0
286.4

4,533,561

0.0

5,534
930,210
0
0
286,743

Inputs
Seeding
Fodder B/W
Fodder Cactus
Fodder C. fruit
Irrigation
Fertilizer
Ploughing

240.3
570.4
0.0
0.0
0.0
0.0
0.5

0.0
6.6
0.0
0.0
118.5
98.2
0.0

664,958
1,582,679
0
0
80,789
66,960
1,246

Units

Units

Change

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Total
#/year
1,213
136,493
4,003
1,248
8,988
0
195
50
283,119

#/ha/year
L/ha/year
kg/ha/year
#/ha/year
#/ha/year
#/ha/year
#/ha/year
#/ha/year
L/ha/year

#/year
L/yr
kg/year
#/year
#/year
#/year
#/year
#/year
L/yr

-73%
-78%
-78%
-75%
-76%
-100%
-39%
-82%
-68%

901.2

0.0

1,542,777

kg/ha/yr

kg/yr

-66%

0.0
800.0
640.0
0.0
615.4

0.0
2,512.5
340.0
99.0
646.2

0.0
6,250.0
0.0
0.0
961.5

0
9,407,900
1,257,280
169,488
2,411,215

Boxes/ha/yr
kg/ha/yr
kg/ha/yr
kg/ha/yr
kg/ha/yr

Boxes/yr
kg/yr
kg/yr
kg/yr
kg/yr

N/A
911%
New +
New +
741%

0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
341.3
0.0
0.0
130.3
391.2
0.7

0.0
0.0
0.0
0.0
157.9
948.4
0.0

0
584,266
0
0
330,801
131,6631
1,147

kg/ha/yr
kg/ha/yr
boxes/ha/yr
boxes/ha/yr
m³/ha/yr
kg/ha/yr
ha/ha/yr

kg/yr
kg/yr
boxes/yr
boxes/yr
m³/yr
kg/yr
ha/yr

-100%
-63%
N/A
N/A
309%
1866%
-8%
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4 MONETARY VALUATION OF ECOSYSTEM SERVICES
With the quantified environmental changes due to the project’s interventions known, the next step is to monetize
these changes. All the values; carbon sequestration (tC/yr), Erosion prevention and maintenance of soil fertility
(tN/yr) and the varying values for food and raw materials will be converted to US$/yr. Food and Raw materials
by the Direct market price, Erosion prevention & soil fertility by the replacement value of nitrogen, Carbon
sequestration and storage by the direct market price of Co2 equivalents.
[It is of utmost importance that the reader realises that the values presented in this chapter are estimates
and thus must be treated as such]

4.1 CARBON SEQUESTRATION AND STORAGE
The calculated increase in stored carbon is multiplied with the international market value of carbon. The annual
sequestration rate was calculated at 1,987 tC/year from a total increase in carbon storage of 39,753 tC over 20
years. The carbon price is obtained by an average US$/tonne CO2 from July 2015 to May 2017 and set at 6.04
US$/tonne CO2 (Investing.com, 2017). However, the molecular weight of carbon dioxide is 44u, with 12u of
carbon. Therefore a factor of 3.67 (44u / 12u) is required to compensate for the price which is expressed per tonne
CO2. This procedure is included in the inVEST documents of Sharp, R., et.al. (2015). Multiplying the
sequestration rate to the carbon price and the weight compensation factor of 3.67 makes a final monetary value of
44,000 US$/yr (see Table 4.1). Because the carbon price will fluctuate from year to year, it is advised to revise
this calculation every year to maintain an up to date value for the fluctuating carbon prices.
Table 4.1: Monetary valuation of stored carbon
Indicator

Value

Unit

Change in stored carbon

+39,800

tonne C

Years to reach maturity

20

years

Sequestration rate

1,987

tonne C/yr

Carbon price

$ 6.04

US$/tonne

3.67

CO2/C

$ 44,000

US$/yr

CO2 to carbon (weight)

Monetary value

4.2 EROSION PREVENTION AND MAINTENANCE OF SOIL FERTILITY
The calculated 34 tonne nitrogen annually saved from eroding from the project area is monetized using the
replacement costs of fertilization. The most commonly used fertilizer for crops is a Ammonium nitrate (NH4NO3)
solution. This solution contains roughly 34% nitrogen thus 340kg/tonne but can vary from product to product
(Manitoba, 2017). For the calculation the obtained value of fertilizer costs is based on fieldwork interviews, which
is further explained in chapter 3, Table 3.10. The 4.65 DH/kg thus 458 US$/tonne fertilizer makes for 100 tonne/yr
of fertilizer to make up for the saved 34.10 tonne/yr. Multiplying the 34 tonne/yr with the fertilizer costs of 458
US$/tonne makes the total costs saved set at 46,000 US$/yr. See Table 4.2 for an overview.
Table 4.2:Monetary valuation of prevented Nitrogen loss
Indicator

Value

Unit

Nitrogen saved

34

tonne/yr

Fertilizer Nitrogen

340

kg/tonne

fertilizer costs

458

US$/tonne

Fertilizer needed

100

tonne/yr

Total costs saved

$ 46,000

US$/yr
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4.3 FOOD & RAW MATERIALS
With a list of output products as shown in Chapter 3.4, the next step is to monetize them individually. The values
used in this chapter are based on the amount of Dirham (DH) for which local inhabitants expressed to sell their
products. These products are sold directly to the market in Sidi Bou Othmane except for the olives from the olive
farms in the low catchment who sell them to varying companies (known: LONDOC Marocain, Mansori). The
local inhabitants drive their bikes, scooters, but mostly donkeys with or without a wagon behind them to the
market which lies 5 to 8 kilometres west of their farms, depending on individual placement in the area.
Sporadically some farmers travel the 35km to Marrakech to sell their cactus fruits, however the inhabitants stated
that this is not a lucrative business and it is rarely being done.

Figure 4.1: The weekly market of Sidi Bou Othmane
All values used in this chapter can be viewed in Table 4.4 under the column “Market value”. Most values are
obtained from the local inhabitants. During the interviews it quickly became clear that the local inhabitants sold
most of their products for the same prices (roughly) because they sold them to the same people. The following
products have therefore been appointed a fixed price; lamb, sheep & goat milk, wool, chicken, eggs, honey,
rabbits, calves, cow milk, dry/wet season W/B, cactus, seeding, Olives, Firewood and Fodder. Firewood however
is since a few years not a product sold on markets on between the inhabitants, due to the increase in olive farms
in the low catchment and surroundings of the project area it is now free for all inhabitants. However, to value the
output product, the local farmers were asked to quantify what a reasonable price is at this time, which resulted in
2.5 DH/kg. Making the value for firewood a willingness to pay value.
Ploughing solely occurs in fall. This is done by a few local inhabitants owning a tractor with ploughing machinery.
The farmer then pays a fee of 125 DH per hour and is based on an estimated speed of 1.5 hours per hectare. The
ploughing costs are a group estimate constructed by 4 local farmers. In this estimation they were asked to include
all procedures for which they were charged for.
The values used for irrigation and fertilization varied from farmer to farmer thus averages are used (see Table
4.3). For irrigation 4 farmers were able to provide insights in the expenses, however only 3 are used due to an
absurd estimation of a single inhabitant. From the 6 values for fertilization prices obtained from the interviews 2
numbers deviated from the other 4. A maximum of 12000 DH/tonne and a minimum of 400 DH/tonne compared
to the 3000-6000 DH/tonne of the other four. This could be due to quality or due to estimation errors. The final
average however falls in the middle (4650 DH/tonne) and is thus acceptable for the calculation. The values used
for Cumin and Carob are estimated based on market values obtained on the market in Sidi Bou Othmane. This is
because they are new additions to the project area. Different market stands sell these products for different prices
thus product averages are used (see Table 4.3). the four market stands which sold cumin roughly had the same
values with an average of 100 DH/kg and standard deviation of 20 DH/kg. Carob was not easily spotted because
it was not the harvesting seasons during the time of the time of the market survey (early December). The product
however does not change in price over the seasons according to the merchants (also not for cumin). The values
for lentils are included purely to provide include all harvested values from the market. Remaining values for wheat
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and barley, chicken and lambs are checked with the merchants and did 100% comply with the estimates of the
interviewed group.
Table 4.3:Product value averages based on interviews and a market survey. *lentils are not used in this thesis
due to a lack of data on agricultural outputs
Product
Cumin
Carob
Lentils*
Irrigation
Fertilizer

Average
value

unit

St. Dev

n

100
22.67
20
1.3
4.65

DH/kg
DH/kg
DH/kg
DH/m³
DH/kg

20.00
9.00
0.00
0.05
3.58

4
3
3
3
6

Below in Table 4.4 the complete monetary calculation can be observed. The current and future project wide values
are multiplied with the market values to provide the economic value of food and raw materials. The input values;
seeding, fodder, irrigation, fertilization and ploughing are included as negative values to express that these are
costs. The change values in the last column express the annual profit or loss per product. The values for cactus
and honey are further discussed in the appointed section in chapter 3.4. All values are converted to US$ with
0.0985 MAD/US$ (XE, 2017).
Table 4.4:Annual project wide monetary valuation of food and raw materials.
Outputs

Current

Future

Unit

Market
value

unit

Current
US$/yr

Future
US$/yr

Lamb
Sheep/goat milk
Wool
Chicken
Eggs
Honey
Rabbit
Calfs
Cow milk

4,511
625,508
18,194
5,028
37,533
28
320
277
896,331

1,213
136,493
4,003
1,248
8,988
0
195
50
283,119

#/year
L/year
kg/year
#/year
#/year
#/year
#/year
#/year
L/year

600
3
2
40
1
N/A
65
10,000
3

DH/#
DH/L
DH/kg
DH/#
DH/#
N/A
DH/#
DH/L
DH/L

$ 266,599
$ 184,837
$
3,584
$
19,812
$
3,697
N/A
$
2,051
$ 272,431
$ 264,866

$
$
$
$
$
N/A
$
$
$

Wheat/Barley

4,533,561

1,542,777

kg/yr

2.5

DH/kg

$ 1,116,389

Cactus
Olives
Carob
Cumin
Firewood

5,534
930,210
0
0
286,743

0
9,407,900
1,257,280
169,488
2,411,215

Boxes/yr
kg/yr
kg/yr
kg/yr
kg/yr

50
6
22.67
80
2.5

DH/box
DH/kg
DH/kg
DH/kg
DH/kg

$
$
$
$
$

1,251
49,577
83,662

$ -194,894
$ -144,504
$
-2,796
$ -14,894
$
-2,812
N/A
$
-801
$ -222,853
$ -181,204

$

379,909

$ -736,481

$
$
$
$
$

5,560,069
2,807,087
1,335,565
593,762

$ -27,255
$ 5,010,315
$ 2,807,087
$ 1,335,565
$ 523,151

Seeding
Fodder B/W
Fodder Cactus
Fodder C. fruit
Irrigation
Fertilizer
Ploughing

664,958
158,2679
0
0
80,789
66,960
1,246

0
584,266
0
0
330,801
1,316,631
1,147

kg/yr
kg/yr
boxes/yr
boxes/yr
m³/yr
kg/yr
ha/yr

-3.75
-2.5
N/A
N/A
-1.3
-4.65
-187.5

DH/kg
DH/kg
N/A
N/A
DH/m³
DH/kg
DH/ha

$ -245,619
$ -389,735
N/A
N/A
$ -10,345
$ -30,669
$ -23,007

$
$
-143,875
N/A
N/A
$
-42,359
$
-603,050
$
-21,184

$ 245,619
$ 245,859
N/A
N/A
$ -32,014
$ -572,380
$
1,822

Rounded
Total

$ 2,100,000

$ 10,100,000

$ 8,000,000

27,255
549,754
70,610

71,705
40,334
789
4,919
885

Change

A total increase in the land value of the ES food and raw materials can be observed of 500% (2 mil. to 10 mil.
US$). The results show that the loss from cereals (wheat/barley) and livestock production and increase in need
for fertilization and irrigation is overshadowed by the profit from Olives, Carob and Cumin. This does however
mean that the community will be highly depended on olives, carob and cumin (meaning that they should have a
reliable buyer). Based on catchment areas the middle catchment will improve the most (see Table 4.5) comparing
to the low and high catchment which roughly gain the same profit.
Table 4.5:Catchment area specific monetary values and change percentage
Catchment
Low
Middle
High

Current
($/ha/y)

Future
($/ha/y)

Change
(%)

809
552
552

4,345
3,190
2,405

+ 330 %
+ 477 %
+ 335 %
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5 COST/BENEFIT ANALYSIS
Starting with the estimated project implementation costs this chapter further concludes with the meta calculation
of the previously calculated monetized ES values. Showing both a total economic value and the net present value
including the costs and discount rate.
[It is of utmost importance that the reader realises that the values presented in this chapter are estimates
and thus must be treated as such]

5.1 COSTS CALCULATION
This chapter focusses on the project’s initial investment, the total sum required to realise the project. The estimated
annual costs (e.g. fertilization and ploughing) are included in the ‘food and raw materials’ chapters of this thesis.
Justdiggit made a calculated estimate on the projects expenses in the design of the demonstration project (Table
5.1). The base of the project costs estimated are the interventions themselves. The intervention costs of 2.0 million
US$ mostly consist of physical products used to realise the project such as compost, water boxes, trees seedlings,
irrigation systems etc. but also include the costs used for the initial ploughing and construction of the banquettes.
The managerial, research and monitoring cost hold another part of the total project investment estimated at 0.8
million US$. In this value the consultancy is for example calculated from salaries and equipment needed (car
rental, drinks, practical equipment etc.). The total sum of the costs is estimated at 2.8 million US$. Detailed project
costs estimates can be provided by Justdiggit if permission is granted.
Table 5.1:Justdiggit pilot project cost estimation (Justdiggit, Personal communication, 2016))
Indicator

Price US$

Intervention costs

$1,919,628

Management, research & monitoring

$800,841

Rounded total

$ 2,800,000

5.2 TEV AND NPV CALCULATION
The total economic value can be obtained by the summation of all annual profits, resulting in 8.1 million US$/yr
(Table 5.2). For the net present value the costs obtained in the previous chapter are included as well as a discount
rate. For this thesis a default discount rate of 7% is used based on the suggestion in the inVEST documentation
(Sharp, et.al., 2015). The discount rate is a sensitive value in the NPV calculation. Also, the methods used to
define a relevant discount rate are full of insecurities, see the discussion section for a sensitivity analysis of the
discount rate. Furthermore, a growth rate to reach maturity is included, set on an annual rate of 5%. This means
that for the first year the values for food and raw materials and erosion prevention are multiplied by 0.05, the
second year by 0.10, etc.. This is to include that most likely little to no increase in ES’s will be observed in the
first years due to the young age of the olive trees and the time required to implement all interventions. As an
estimation, the calculation states that full maturity (100% effectivity) is reached in 20 years which can be more
optimistic in practise.
Table 5.2:TEV and NPV calculation values
Indicator

Value

Unit

$ 8,000,000

US$/yr

Erosion prevention & soil fertility

$ 46,000

US$/yr

Carbon sequestration

$ 44,000

US$/yr

Economic value

$8,090,000

US$/yr

Project costs

$2,800,000

US$

Discount rate

7%

-

Calculation time

20

years

$ 39,000,000

US$

Food & Raw materials

Net present value
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6 DISCUSSION
It is of great importance that the reader realizes that the final values resulting from this thesis are rough estimates
and must be treated like such. The results will be used to get a feel for the numbers and provide clarity in the
actual benefits of the project’s interventions. The actual benefits can differ from this thesis to some extend but it
is extremely unlikely to change the final outcome stating the future situation as much more beneficial than the
current. A first example of a large variable: the catchment division (low, middle & high) can in practice be
different than the division used in this thesis. This also holds for the project area itself, the geographic boundaries
used in this thesis are a first draft. However, the final project area will have a minor difference in terms hectares,
because the project will be restricted by the initial investment plan.
Carbon sequestration and storage
Concerning rain fed agriculture: To estimate if the AGB 0.99 tonne C/ha is plausible, a comparison can be made
to the agricultural yield estimation in this thesis (chapter 3.4). Solely based on cereals an annual biomass output
of 1.5 tonne/ha is estimated, harvesting twice a year gives an active 0.75 tonne biomass/ha. Multiplying this
number with the 0.47 carbon fraction gives roughly 0.35 tonne C/ha. Considering only the used parts (wheat,
barley seeds) are counted for, the harvesting index can be used to include the biomass of the straw yield. The
white wheat used in the study area has a harvesting index of 42% for soft white spring wheat (Idaho US) (Dai, et.
al., 2016). Using the harvest index to estimate the total AGB results in 0.83 tonne C/ha. The 0.16 tonne C/ha
variance can be related to the difference in regional climate between the study area and the values used in literature.
The impact on the final result will be minimal because the aboveground biomass of wheat and barley is small
compared to the carbon stock of olive trees.
The same soil organic carbon values are used for the future situation as for the current situation. Soil organic
carbon is a large carbon stock resulting in a relatively small increase of total carbon stored. The soil organic
carbon values are difficult to estimate accurately according to the IPCC literature. Because variance between both
situations is ignored, the real carbon stored is likely to be higher than the estimated amount, possibly making the
final value an underestimate. The accuracy of soil organic carbon values can most easily be improved by taking
field measurements. Due to practical reasons they could not be included in the fieldwork of this thesis.
Erosion prevention and maintenance of soil fertility
The only erosion included in this thesis is water erosion, purely due to time restrictions. Including the impact of
wind erosion will increase differences between the current and future soil loss, adding more value to the project
interventions. Also, nutrients must come from somewhere (possibly not only the rock cycle), and stream towards
somewhere outside the study area. The input and run-off is not included in this thesis due to data availability as a
result of a lack of adequate participation by one of the stakeholders. The road north of the project area acts as a
dike. Because of its elevation the water streams downstream parallel to the road and can be used for either
irrigation of drinking water. In case of irrigation the benefit is then ‘stolen’ from the other location. In case of
drinking water, the project reduces the nitrogen and thus microbial activity of the drinking water, improving the
health downstream. Both cases require more research.
LS factor: As can be observed, there is a small error in the middle of the image due to a small cut in the shapefile.
The error does not affect the final calculation greatly because it only affects the LS factor in a minor way. The cut
is only intersecting with one single runoff path.
C factor classification vs carbon classification: The land use/land cover classification from Sentinel 2.0 imagery
for the cover factor C is less detailed in comparison to the classification used for carbon. This first reason for the
changes is because rain-fed vegetation is not included in the cover management factor. Because the literature did
not allow more detailing. The second and main reason is because the skill to classify images was improved during
the thesis. Due to time restrictions the complete calculation could not have been redone. The parts of rain-fed
vegetation would have a minimum impact on the final result because healthy natural vegetation is rare due to the
dry area. The regions are somewhat 50/50 included in the bare-soil and cereals classification classes.
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Calculation error: There is a slight error in the low catchment of the final USLE calculation. Because not all
layers did have the exact same cell sizes in the ArcGIS files. The values have been adjusted in the excel file for
the final calculation. the averages of the value groups in the current situation are multiplied by two, the future
situation by three, based on optical estimates on the maps. The minor tweak however barely changed the final
output values (<5%). The adjustments 2x and 3x are purely on visual estimates of the results.
The final soil loss by erosion in the ‘current situation‘ ranges from 0 – 32 tonne/ha/yr which seems plausible. A
2016 study using the same USLE approach shows results for the Sebou watershed in Morocco. The calculation
concludes with an average of <10 tonnes/ha/yr and between 10-50 tonne/ha/year on hillside slopes (Khalid, 2016).
Food and raw materials:
Manure is not included in the calculations due to a lack of knowledge on quantities, nutrient values and whether
placement is in the project area (due to continual replacement by shepherds), as well as the complexity concerning
negative effects. Referring to negative effects as the carbon footprint and health issues because locals save manure
near their households and water sources. Aside from costs, the value for carbon sequestration in relation to manure
is more complex to estimate. A beneficial effect for CO2 equivalents is that the inhabitants will reduce the amount
of livestock and thus manure but the negative effect is the increase in fertilizer usage. Thus making it hard to
estimate the impact of manure on the final values.
The changes in agricultural yields varied between farmers with similar patches of land, a discussion showed no
signs revealing this variety. Positioning of land on erosion friendly/unfriendly patches was not the cause and
neither was fertilization. I assume the variances are due to the estimates on the size of the owned land surfaces as
well as yields quantities. For the ‘current’ calculation the values are included based on their judgement, for the
future yield the average is used. The values retrieved from the local inhabitants resulted in roughly 1.0 tonne/ha/yr.
This makes the estimation seems highly plausible comparing it to country wide values of 0.3 – 2.0 tonne/ha/yr
from 1985 to 2011 with an average around 1.0 as well. (USDA, 2010).
Donkeys are used for product transportation. Their direct value is excluded in the calculations because they deliver
no traded product. They can be monetized by for example fuel consumption but due to time restrictions this is not
included in this thesis. The donkeys are however included in the input values for fodder due to general estimates
by the local inhabitants. Aside from the donkeys, small trucks are used to deliver the products to the market.
Gasoline and travel time here are also not included. This is mainly because the market place is close to the project
area and farmlands could not been drawn accurately on the provided maps during the participatory meetings. The
costs of the transportation in comparison to the weight and thus value of the transported goods results in only a
minor economic loss.
Concerning cactus: The products resulting from cactus (the green parts and the fruits) are almost solely used as
fodder for their own livestock, the products have no market value within the community. When they are
sporadically sold on the market, they do have a rather high value which makes the calculation with market values
inaccurate. This can however be done with the ‘replacement cost’ technique, calculating the cactus fodder input
as if it was grain. The local inhabitants however, had no idea how many boxes of green parts and fruit were
harvested from their lands, because counting was not really required. On top of that, there is no large shift towards
or from cactus as a output product between the current and future situation. The cactus are used mainly because
they are natural barriers and provide a product even during droughts. These motives led to the simplified inclusion
of the cactus products instead of creating a complex estimation based on high levels of uncertainty and the need
to conclude a different valuation technique within the chapter, having a minor impact on the TEV.
Due to an implication, data concerning the Wages of employees and the need for more labour is not obtained
during the field research. Extra data could have been harvested from literature but, due to time limitations and the
likeliness of accurate data on the amount of workers needed for this specific agricultural setup, this was excluded.
Another reason for the exclusion is the amount of people living in the four douars. It is likely that they do not
require aid from neighbouring douars. Wages in morocco are fairly low and concerning the enormous amount of
value added from the project, the wages will have a minimal effect on the end result.
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The market values used in the calculation are not adjusted for the increase in market availability. This is mainly
because it is yet unknown where most of the products are going to be sold. If the farmers can be connected to
companies for example, the price will most likely be lower than the market value in Sidi Bou Othmane. In that
case they do have a steady purchaser which means that they are able to supply larger quantities. This example
applies to Carob, because the company buy-in values for Olives are known and the decrease in wheat and barley
production is not that significant compared to the regions availability. This can reduce the final value by a small
amount but will be based on high levels of uncertainty.
Discount rate
As presented in Chapter 5.2, the chosen discount rate of 7% is suggested by the inVEST methodology because it
“reflects society’s preference for payments that occur earlier rather than later” (Sharp, et.al., 2015. Page 93). The
7% depicts that the economy stays in good shape. Many factors, for example climate, change can heavily disrupt
a countries economy. Aside from the general economy, the value of natural capital can change due to climate
change. The value of natural capital in relationship to its scarcity, can be reflected using a negative discount rate.
In Morocco, climate change will make the region even more susceptible for desertification in the future. Figure
6.1 shows the different impacts of the discount rate on the NPV. In the light of scarcity of natural capital and a
less stable economy the discount rate is likely to be less than 7%. This makes the final value increase by project
interventions shown in chapter 5.2 to be an underestimate thus in practice can exceed the expectations.
$300,000,000

NPV US$

$250,000,000
$200,000,000
$150,000,000
$100,000,000
$50,000,000
$-7%

-5%

-3%
0%
3%
Discount rate

5%

7%

Figure 6.1: Sensitivity analysis of the discount rate on the NPV
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7 CONCLUSIONS AND RECOMMENDATIONS
Land value will change with new land use, in this study from the implementation of the Justdiggit project in
Morocco. Resulting from the ex-ante estimates on the selected ecosystem services in this thesis, it is estimated to
be beneficial. The four ecosystem services discussed; Carbon sequestration, Erosion prevention and maintenance
of soil fertility and Raw materials and Food, all resulted in an improvement of ecosystem service quantities
(moderation of extreme events is excluded, see chapter 3). To structure the conclusion, the research questions are
shown above the paragraph answering them.
-

What are the quantified benefits of selected ES’s for the current and the future situation after project
implementation?;
What is the change in ES benefits between current and future situations?

The current situation is expected to store 145,000 tonnes of carbon and the estimates for the future situation show
185,000 tonnes of carbon. Thus a net benefit of 40,000 tonnes of carbon is estimated to be stored in the projects
soils and vegetation. Using a time of 20 years to reach maturity results in 2,000 tonnes of carbon stored each year.
The erosion prevention and maintenance of soil fertility is expressed in terms of annual soil loss and further
specified to nitrogen losses. The estimated annual soil loss rate of 1,400 tonnes/year for the current situation is
estimated to be reduced to 300 tonnes/year in the future. Preventing 1,100 tonnes of soil from leaving the project
site. This is further detailed to 34 tonnes of nitrogen to relate to the soil fertility because of saved nutrients.
Nitrogen is available to help vegetation growth and is thus part of a positive feedback cycle.
The agricultural setup of the future situation focuses more on olives and carob trees, impacting the ES’s food and
raw materials. Taking away 40-80% in weight of products resulting from livestock and 65% from wheat and
barley. Increasing the deliverance of olives by 1,000% and introducing carob and cumin as new species at the cost
of more irrigation (300 %) and fertilization (1,900 %) expenditures.
-

What economic values are attached to the ES indicators?;
What is the difference in terms of economic land value between current and future situations as derived
from the ES indicators?;
What costs are attached to the project?

Economic values are introduced providing clarity on trade-offs to conclude on benefits in land usage. The current
agricultural land use is estimated on an annual 2,1 million US$ by market values and compared to annual 10,1
million US$ for the future situation. With a net increase of 8 million US$ the estimates show a huge increase in
agricultural land value. For carbon, the 2,000 tonnes of carbon are converted to Co2 equivalents. Providing a net
increase of 44,000 US$ every year, up until a final 880,000 US$ over 20 years by multiplying the Co2 equivalents
with the international market value of Co2. The nitrogen saved in the project is compared to the nutrient content
of common and price of fertilization. The saved 34 tonnes of nitrogen is equivalent to 46,000 US$ per year of
avoided fertilization costs. The invested sum is calculated by Justdiggit and set on 2.8 million US$.
-

What is the total economic value and net present value of the project solely based on the selected
ecosystem services?

The values described above are based on the project at full maturity, for this thesis a time of 20 years is assumed
to reach this level. The assumption includes an annual increase of 5% in productivity reaching 100% in 20
years. The total economic value is estimated at 8,0 million US$/year. Resulting in a net present value of 39
million US$ over a project time of 20 years and a discount rate of 7%. The estimated number must be treated
with care whilst convincing investors of the value of the Justdiggit project. The stakeholders do not gain 39
million US$ as a ‘real’ cash value over the course of 20 years. The calculated 880,000 US$ of carbon stock can
be made real by offsetting the amount of carbon stored. The 46,000 US$ of nitrogen annually saved (note: in full
project maturity) is not expected to decrease fertilizer costs for 100% of this estimated amount. Nutrients in and
on the soil can provide an extra boost to the agricultural outputs but are not as effective as the real use of
fertilization due to little control on the location and its quantities. Not all increases in product value from the
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ES’s Food and Raw materials are ‘real’ cash values as well. An increase of 520,000 US$ (again, based on full
maturity) for firewood is not a ‘real’ value. Firewood is currently not a marketable good due to the abundancy of
the product and is assigned a value based on its actual worth to the community. Other values are based on the
fact that all products can be sold to the markets without oversaturation.
However, the estimates show an enormous land value increase due to the future benefits of the ecosystem services.
Values presented in this thesis are modest due to the inclusion of a high discount rate and the project provides
more benefits than solely from the ecosystem services described in this thesis. Aside from the project
interventions, the increase in profit can spark overall development and further improve the livelihood.
A few recommendations for further research
Because the below ground carbon levels are a larger percentage of the carbon stock, a change due to different
vegetation will impact the total carbon stocks greatly. Soil samples can be gathered on different locations while
digging for the project has started and can be compared to annual measurement in the same locations. This will
provide an important data set for the calculation of carbon storage in a reforestation project. Annual measurements
are not only beneficial for the carbon storage, setting up a monitoring scheme to track the agricultural outputs as
well as erosion rates can provide input of the accuracy of the estimates made in this thesis and provide insight in
the return on investment for the governmental bodies.
The erosion model used in this thesis solely focuses on rainwater runoff. Wind erosion is not taken into account.
Furthermore, the deposition locations (outside the project area) and quantities are still unknown. ABHT (see
stakeholders in Appendix 3) has information on the watershed and the interactivity with other regions. However,
due to administrative reasons they were not able to provide this information during the time writing this thesis.
For example the questions: Where does the runoff water and thus nutrients go to? Does the project impact other
regions by decreasing erosion rates? And a general research on the nutrient cycle of the area: Shouldn’t the site
been a complete dessert by now due to erosion rates? How do new nutrients get in? – impact of the rock cycle vs.
vegetation and other sources.
A crucial question for the success of the project is if farmers are able to connect to markets. A perfect example
for the study area is the cactus fruits. They expire relatively quickly and they are have an oversaturated market, it
is therefore difficult for them to sell the fruit. The cactus is therefore (almost) solely used as fodder. If they can
connect to a company, they can still use the green parts of the cactus as fodder because it is a reliable source in
times of drought.
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Appendix 1: Images of the study area and the concept of elements de banquettes

Figure A1.1: Concept of Bunds (Lancaster, 2010)
Photographic impression of the study area:
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Appendix 2 : Summary of monetary values for selected dryland biomes
World wide dryland biomes (De Groot, 2012)
Ecosystem Service All Temperate
Woodlands Grasslands
values in USD 2007 per ha
forest
per year

671

253

1305

Food

299

52

1192

Wa ter

191

Ra w ma teri a l s

181

Provisioning services

African dryland biomes (De Groot et. al., 2016)
Temperate
Woodlands
Grasslands
forest

1

1192

60
170

53

662

72.8

Genetic res ources
1

Medi ci ne res ources
Regulating services

2

1

32

Orna mental res ources
491

51

159

152

7

40

Ai r qua l i ty regul a tion
Cl i ma te regul a tion

7

Di s turba nce modera tion
Regul a tion of wa ter fl ows
Wa s te trea tment

7

Eros i on prevention

5

Pol l i na tion

93

Habitat services

Cultural services

31

235
862

1277

862

3

1214

990

7

193

989

7

68

5

1

26

7

18

1588

2871

126

1212

167

Es thetic i nforma tion
Recrea tion

1214

1273

Nurs ery s ervi ces
Genetic di vers i ty

44

31

Nutri ent cycl i ng
Bi ol ogi ca l control

75
13

i ns pi ra tion
Spri tua l experi ence
Cogni tive devel opment
Total economi c va l ue

1
3013

730

(Values in Int.$/ha/year, 2007 price levels)

Summary of monetary values for selected dryland biomes (De Groot, 2012; 2016 personal communiation)
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Appendix 3: Stakeholders

Stakeholders
A list of general stakeholders has been created solely to provide an overall impression of the interactions in the
region. This is not an in depth stakeholder analysis. The list has been created by a snowball effect of interviews
with Justdiggit, the university of Marrakech and the listed stakeholders. The first stakeholders; Plant Maroc Vert,
Haut-Commissariat des Eaux, Forets à la Lutte contre la Désertification, l'Agence du Bassin Hydraulique du
Tensift and Conseil de la Région de Marrakech Safi all invest in the project, alongside Justdiggit. Below are the
non-investing stakeholders explained.
Investing stakeholders:
Plant Maroc Vert (Ministère de l'agriculture et de la pêche maritime)
Plant Maroc vert is a department of the Ministry of agriculture and marine fishing. The department is responsible
for agricultural projects in the Safi/Marrakech region (project area). These agricultural projects are aimed towards
aiding the most poor farmers in the region with new interventions. Currently in the project area, small farmers
have tax exemption and can receive alimentation in times of drought to minimize price fluctuations. For real
insurance the government refers the local inhabitants to MAMDA, an insurance organisation for small farmers,
but they are not that active in the project area.
Haut-Commissariat des Eaux, Forets à la Lutte contre la Désertification (HCEFLCD)
The High Commission for Water and Forests and the Fight against Desertification main objective is to develop
and implement government policy related to forests, pastoral resources, hunting and fishing and natural reserves
on the topics of conservation and sustainable development. They are responsible to combat desertification by
establishing adequate policies (HCEFLCD, 20171).
l'Agence du Bassin Hydraulique du Tensift (ABHT)
The Tensift Hydraulic Basin Agency is responsible for the supply to the water wells to the villages, they also
monitor the local watershed for droughts, landslides, floods, etcetera. Their main job is to manage and monitor
the watershed and cooperate with the organisations PNEEI and ORMVAH (see other stakeholders). These
organisations are suppliers of drink and irrigational water. ABHT is impacted by the project due to the change in
the watershed by land use/land cover change and in the long run with the increase in rainfall due to the hydrological
cycle (ABHT, personal communication, 2016).
Conseil de la Région de Marrakech Safi
The regional council is the governing body and deliberative assembly of the region. The council is elected for a
period of 6 years (PNCL, 20172). The governing body will be impacted by the change in political opinions of the
local inhabitants. It is to me unknown from what source their investment will come.
Other non-investing stakeholders:
Local Inhabitants
The improvement to the land characteristics due to the project interventions will benefit the local inhabitants in
numerous ways. All of the inhabitants seen in the project area were farmers and/or shepherds or connected to a
farmers household (family). The local farmers are selling their products in the nearby village of Sidi Bou Othmane
thus the market is also impacted by the project. Their main agricultural outputs are wheat, barley, cactus and
olives. The cattle they hold is primarily sheep.

1

Haut-Commissariat des Eaux, Forets à la Lutte contre la Désertification. (2017). Institution. Retrieved from
http://www.eauxetforets.gov.ma/fr
2
Portail nortional des collectivities territoriales (2017). Régionalisation. Retrieved from
http://www.pncl.gov.ma/fr
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The Justdiggit project in cooperation with the university of Marrakech aims to unite the farmers under a NGO to
improve local livelihood through local governance. The douars have appointed elders, these are the main decision
makers in their regions and are highly respected. Furthermore no local micro power holders were observed
(University of Marrakech, personal communication, 2017).
Programme National d'Economie d'Eau en Irrigation (PNEEI)
The PNEEI is a national programme for water projects and irrigation. They have an annual budget to improve the
watersheds and its infrastructure. PNEEI pays for the local wells in the Douars of the study area (ABHT, personal
communication, 2016). The quantity of water required from the wells will not increase due to the project
interventions, because the water is not used for irrigation. It can however provide an opportunity to ask for a fee
on water if the local economy becomes strong enough. This lets PNEEI get extra income or step down from aiding.
Office Régional de Mise en Valeur Agricole El Haouz (ORMVAH)
ORMVAH is the Regional Agricultural Development Office responsible for the water used for irrigation. This
supplier is paid by the farms and will benefit by the project by the increase in irrigation in the lower catchment
(thus generate income from the project). However, they must be capable of delivering the water quantities required
for the olive farms (ABHT, personal communication, 2016).
University of Marrakech
The university of Marrakech provides the local knowhow of the study area and the general relation with the
stakeholders. The local knowhow for example helps to define the interventions, the university also hosts the
participatory sessions with the local inhabitants.
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Appendix 4: Semi structured interview outline
Douar:

Company:

Type: Cactus / Cereal / Animals / Carob / Olive / Argan / Cumin / Lentils Other:
Area:

ha

1.

Where do you get your water from?
a. Irrigation? Yes / no
– if yes, how much? & costs [Dh]?

2.

Do you produce firewood? Yes / no
a. How much?

Produce:
Use:

3. Make an estimate of your annual Agricultural production:
Dry season:
Spieces
kg / Year

Wet season:
Spieces

kg / Year

4. Where do you sell your harvest or livestock products and for what price? (list all
products you sell including firewood)
Tot.
#sell/yr
Product
Place
Price [DH/ kg]

8

5. Do you buy supporting products like seeds, fertilizer etc.
Product
Place
Price [DH/ kg]

Damages from extreme natural events
Describe the damage cause by flooding:
Medium
impact
by

flooding

How much?

(happens

annually)

Times/year……………..
Estimate of economic damage………………….DH
Serious

impact

by

flooding

(Worst

case

over

the

years)

Once every……………..years
Estimate of economic damage………………….DH
Describe the damage cause by Landslides:
Medium
impact

by

Landslides

Times/year……………..
Estimate of economic damage………………….DH
Serious

impact

by

Landslides

(Worst

case

over

the

years)

Once every……………..years
Estimate of economic damage………………….DH
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Appendix 5: Farming methods discussed in the RUSLE equation
Contour farming:

Source: Plymouth County Soil & Water Conservation District (2017) Contour farming. Retrieved from:
https://www.plymouthswcd.com/contour-farming on 05/09/17
Strip cropping:

Source: Encyclopaedia Britannica (2017) Terrace cultivation. Retrieved from: http://www.uidaho.edu/degreefinder/crop-science/bs-crop-science on 05/09/17
Terrace farming:

Source: Encyclopaedia Britannica (2017) Terrace cultivation. Retrieved from: http://www.uidaho.edu/degreefinder/crop-science/bs-crop-science on 05/09/17
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Reverse slope bench terraces:

Source : FAO (2017) Watershed management field manual Slope treatment measures and practices, Continuous
types of terraces (bench terraces). Retrieved from: http://www.fao.org/docrep/006/ad083e/ad083e07.htm on
05/09/17
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