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Abstract
This research explores the feasibility of the adoption of earthen contour bund synergies as a
post-fire land restoration intervention by small to medium-scale landowners, environmental
organisations, and pulp and paper companies in Southern Portugal. The solutions to the
recovery of landscapes affected by wildfires currently proposed by the government are
unspecific and not feasible for most landowners. Post-fire land interventions need to be case
specific as they depend on the personal and environmental situations of each stakeholder
type. That being so, an integrated approach is necessary to determine location-specific,
socially accepted, and financially viable post-fire intervention technologies. In this research,
an integrated approach is used with a social, environmental, and economic analysis of contour
bund synergies*, which is evaluated in a Multi-Criteria analysis.
This research defined criteria and the values added to these criteria for a variety of stakeholder
types by means of interviews, to investigate the social dimensions for the adoption of earthen
contour bund synergies. The following criteria are formulated: labour costs, material costs,
planting costs, discount, total costs, average plant survival, average erodibility, average
vegetation cover, biodiversity, average soil organic matter, knowledge requirements,
acceptance by landowners, and economic possibilities. The environmental effects of the
earthen contour bund synergies were investigated through fieldwork, experiments in the lab,
formulas, and a statistical analysis to explore the environmental criteria: average plant
survival, average erodibility, average vegetation cover, biodiversity, and average soil organic
matter. The compost and woodchip synergies lead to a decrease in erodibility, an increase in
plant survival rates, and are believed to decrease erosion. The synergies outcompete other
treatments investigated in this research when looking at the erodibility and plant survival
rates. Moreover, an economic analysis was performed by means of interviews and literature
reviews to explore the economic criteria. The costs and direct benefits of each investigated
treatment* are as follows (€/ha): the control group costs € 0.- and has no direct financial
benefits. The machine and swale treatments cost €4720.- and €5280.- respectively and also
have no direct financial benefit. The woodchip and compost treatments cost €15260.- and
€16750.- respectively and both have a direct financial benefit of €400.-.
This research proves that, according to the performed Multi-Criteria analysis, the soil bund
synergy with woodchips and compost are both the most likely to be adopted for post-fire land
restoration by small to medium-scale landowners, environmental organisations, and pulp and
paper companies in Southern Portugal. The main reasons for this are that the beneficial effects
of land restoration outweigh the investment costs, there is social acceptance for these
interventions, and little knowledge is required for the implementation.

*Contour bund synergies are swales combined with the plantation of plants. There are 3 types of synergies in this research: 1)
“swale”: swales and planting; 2) “compost”: swales, compost, and planting; and, 3)” woodchip”: swales, woodchips, and
planting.
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1. Introduction
All over the world wildfires lead to devastating situations, as they destroy the existing
vegetation and cause bare soils (Uribe et al., 2013). This makes the land susceptible to erosion,
which results in the loss of the topsoil. Subsequently, the soil’s water and nutrient holding
capacity will decrease (Gonçalves & Sousa, 2017). Portugal also encounters this problem,
devastating wildfires have occurred, such as the one in the summer of 2017 (Castanheira de
Pera and Pedrógão Grande, Leiria), which was one of the most devastating fires in the last
decade (Radovanović et al., 2019). In Portugal, there is the expectation that wildfires will occur
more often in the future, because of the native fire-prone vegetation, anthropogenic
activities, and due to climate change (Gomes, 2006). The fires are fuelled by climate change
and reoccurring drought events
(Turco et al., 2019). A vicious cycle
Wildfire
is at play (figure 1), as the forest
fires cause a degrading landscape,
which, due to the pyrophytic
Colonisation of
Diminish ecosystem
invasive plant species that colonize
invasive plant
resilience
the burned areas, further promote
species
fires. This negatively affects the
natural regeneration process.
Hence, the degraded landscape will
diminish ecosystem resilience,
again making areas less resistant to
Degrading
Less natural
landscape
wildfires. This vicious circle is
regeneration
risking the biodiversity of the
landscape and people’s livelihoods
Figure 1, vicious cycle of forest fires and land degradation (R3forest,
2019).
(Mendes, 2018).
Wildfires are known to have a damaging effect on environmental and socio-economic factors
(Marques et al., 2011). The socio-economic effects can be divided into economic and societal
effects (Silva et al., 2011). The recovery from a wildfire is very challenging, the affected and
degraded areas need to be completely regenerated in an environmental, economic, and
societal way. (figure 2). As was mentioned by John Tillman Lyle (1996) in the book
“Regenerative design for sustainable development” the social, physical, economic, and
political context are the basis for sustainable development. This reasoning was also used for
the recovery of a landscape impacted by wildfires. This means that for a sustainable
development of these landscapes, it is necessary to look from a social, environmental, and
economic context. The
definition of a sustainable
regenerated landscape is a
landscape that generates
environmental resilience,
provides
ecosystem
services, and creates
societal balance (Cerreta
Figure 2, visualisation of reaching towards a regenerated landscape (based on Lyle ,1996) .
et al., 2020).
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Contour bunds are an easily manageable measure to implement in erosion -sensitive areas,
such as post-fire landscapes. Contour bunds are used as a micro catchment technique. The
bunds are created by the construction of several dikes, closely placed along the contour lines.
The spacing of the parallel earth bunds depends on the slope of the hill, the steeper the slope
the closer the contour bunds should be placed (Contour Bunds – Greener Land, n.d.). This
intervention could decrease the erosion rates in post-fire areas, as contour bunds are known
to decrease run-off, and increase the landscapes infiltration rates (de Figueiredo, Fonseca, &
Martins, 2012). Nevertheless, contour bunds on their own are not enough to regenerate the
areas, as they mainly decrease erosion but do not directly positively affect the possibilities for
land regeneration (Robichaud, 2000). Contour bunds do retain a seed bank and create
favourable microsites for the growth of plants, but still, this is not enough on itself (de
Figueiredo, Fonseca, & Martins, 2012). That is why synergies need to be applied that enhance
the effects of the contour bunds in combination with other technical solutions. There is a need
to find synergies that result in healthy soils, tackle erosion, increase biodiversity, manage
invasive species, and maintain forest production all at the same time (Bladon et al., 2014). A
method to achieve this is to combine contour bund with green waste compost or woodchip
mulch and plant native species (Prats et al., 2014). It is expected that synergies like this
diminish erosion, increase the soil organic matter content, increase natural regeneration, and
cause higher growth rates (Prats et al., 2014; Larchevêque et al., 2006). The question,
however, remains if these interventions are really the promising synergies as described above.
Moreover, it is not yet proven that these techniques are feasible for small to medium-scale
landowners, environmental organisations, and pulp and paper companies in Southern
Portugal.

1.1 Problem statement
To overcome the vicious cycle presented in figure 1, the Portuguese government has
introduced potential solutions for the recovery of post-fire areas. It is said that invasive species
can be managed, forests could be replanted, and the soil can be protected by cover crops (EU
Commission, 2011). These solutions are simple, but unspecific, and therefore not feasible for
the small-scale landowners (± 10 ha) in the most affected areas (Valente et al., 2015).
Therefore, there is a need to investigate post-fire soil restoration interventions that are
effective and feasible for this group of small-scale landowners.
There is a gap between post-fire intervention technologies and the users, which must be
overcome. Moreover, a difference in the view of solutions between the stakeholders is
present. For example, the government is prone to implement the most effective measure for
erosion control, nature foundations (Non-Governmental Organisations; NGOs) are prone to
support the most regenerative solutions and landowners tend to prefer the cheapest sol ution
(Masvar et al., 2012). To bridge all these different views in one solution, the objectives of the
different stakeholders need to be addressed. Currently, most soil water conservation
measures are evaluated on a cost-benefit scale. Implementing best-fitted measures based on
a cost-benefit analysis simplifies the complex objectives of soil water conservation measures
into one basic objective of profit maximisation (Teshome et al., 2014). As introduced earlier,
multiple criteria are at stake when implementing soil water conservation measures, such as
earthen contour bunds synergies (Prato, 1999 & figure 2). This means that focussing only on
10

a cost-benefit analysis is not sufficient. Hence, a scenario assessment with integrated
approaches is necessary to determine location-specific, socially accepted, financially viable
technologies which also combat land degradation (Fleskens et al., 2014). That is why there is
a necessity to evaluate the earthen contour bunds synergies through a Multi-Criteria analysis.

1.2 Objective and research questions
1.2.1 Research Objective
The objective of this research is to investigate the social, environmental, and economic effects
of earthen contour bunds synergies (machine, compost, woodchips, and swales (see chapter
2.2. “Project description”)) as post-fire soil restoration interventions and the possibility for the
adoption of these synergies by stakeholders (e.g. small to medium scale landowners,
environmental organisations, and pulp and paper companies) in Southern Portugal.
1.2.2 Main research question (MRQ):
Which earthen contour bund synergy for post-fire land restoration is most likely to be adopted
and accepted by stakeholders in Southern Portugal considering social, environmental, and
economic factors?
1.2.3 Sub-research questions
Sub-research question 1 (SQ1, “Social”): What are the relevant criteria* and the values added
to these criteria for the adoption of post-fire land restoration interventions mentioned in
interviews by the stakeholders?
Sub-research question 2 (SQ2, “Environmental”): What are the environmental effects** of the
earthen contour bunds synergies on post-fire land restoration?
Sub-research question 3 (SQ3, “Economic”): What are the direct costs and benefits*** of each
treatment?
* The relevant criteria are criteria mentioned by the stakeholders which have an affect on the choice of
the post-fire intervention strategy, looking at social, environmental, and economic aspects.
** The environmental effects investigated are: erodibility, species performance and survival rates, soil
fertility, vegetation cover, and erosion.
*** The direct costs and benefits are the costs and benefits which are found directly after implementing
the post-fire intervention.
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2. Background information
2.1.

Area description

The selected research area is close to Barão de São João (see figure 3). Barão de São João is
located in the Algarve at the south-western tip of the Iberian Peninsula and is close to the city
of Lagos. The Algarve has a warm Mediterranean climate and the coastal zone is characterised
as semi-arid (Hugman et al., 2017). The rainfall in the area is irregular, with long dry periods
during the summer and periods of heavy rainfall during the winter. The climate is very variable
both on a seasonal and an annual time span (Stigter et al., 2009). The average annual rainfall
lies at 650 mm and the average yearly temperature is 17 °C (Hugman et al., 2017).
An increase in the frequency and intensity of droughts is predicted for the region (Ginoux et
al., 2004). Moreover, a significant reduction in rainfall is predicted toward the end of the
century (Stigter et al., 2012). The future of the Algarve will be dominated by a shift in seasonal
distribution and inter-annual variability, with droughts in the summer and greater
concentrations of rainfall in the winter (Stigter et al., 2012).

Figure 3, description of the research area on the map.
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2.2.

Project description

To overcome the problem stated in chapter 1.1 “Problem statement”, synergies need to be
applied that result in healthy soils, a decrease in erosion, and an increase in biodiversity. To
achieve this, the R3forest project was launched. This research project includes contour bunds
with green waste compost and contour bunds with wood chip mulch as potential solutions. In
all treatments, various native and exotic forest species are planted (R3forest, 2019). The exotic
species will promote regeneration and are not pyrophytic (e.g. Cupressus sempervirens). The
aim of the project and the researched synergies is to achieve an healthy soil, tackle erosion,
increase biodiversity, manage invasive species, and maintain forest production at the same
time. The research of this thesis was performed within the R3forest project, to further
investigate the social, environmental, and economic context of the synergies (Home R3Forest,
n.d.).
Figures 4 and 5 show the maps of the project with the different treatments and plot numbers
per site. Between the two sites, there is a distance of approximately 500 m. There was a fire
event in this area in the summer of 2020, affecting the complete area. According to the project
manager Florian Ulm, the fire event was estimated to have a medium severity. The slope of
the site ranges between 10° and 15° inclination (Google, n.d.). According to the landowner the
area was not used for production or housing before the fire occurred and the project was
implemented. According to Florian Ulm, approximately 10900 m2 was used for the
implementation of the project split over the two sites. Both sites have an orientation to the
East.
Five treatments were implemented: swales, compost, woodchips, machine, and control
(figure 5). Each treatment was implemented on a plot of 10 by 10 m with, depending on the
treatment, 5 rows of the intervention. Between the rows, a distance of 2 m was implemented.
As a control treatment, six plots that suffered no intervention were delineated in close vicinity
to the study site. On the machine, compost, woodchip, and swale treatments species were
planted each treatment had 16 plots. On the contour lines of the plots (5 lines per plot) the
species Rosemary, Cork Oak, True Myrtle, Stone Pine, Eucalyptus, Carob, Cypress, and
Strawberry Tree were planted 1 m apart from each other. Trees and shrubs were combined
to create a multi-strata system where species benefit from the characteristics of the other
plants (Schroth et al., 2001). The chosen species were species that are adapted to local climatic
conditions (Klausmeyer & Shaw, 2009).
The machine treatment only consisted of a machine passing over the plots and removing all
the (burned) vegetation with its blade before the planting process started on the contour lines.
The compost, woodchip, and swale treatment all had swales included in the treatment plots.
These swales were implemented along the contour lines, next to which the species were
planted. The swales were made before the plantation started; the swales were made with the
same machine as the machine treatment, so it also removed the (burned) vegetation.
According to the project employee Joana Jesus, the swales had an average depth of 8 cm.
Project manager Florian Ulm indicated that the woodchips were made from Pinus spp. and
Acacia spp. wood. The whole plant of Acacia spp. (branches and leaves) was converted into
compost for the compost treatment.
13

Figure 4, field setup of research area, with the control, machine, swale, woodchip, and compost treatment. The setup of those treatment s is explained in figure 4 and chapter 2.2. “project description”.
5

Figure 5, illustration of treatments and plot set up. Control without, vegetation removal, planted species, swales, woodchips
and compost. Machine with planted species, and machine clearing vegetation and without swales, woodchips, and compost.
Swale with planted species, machine clearing vegetation, and swales and without woodchips and compost. Woodchip with
planted species, machine clearing vegetation, swales, and woodchips and without compost. Compost with planted species,
machine clearing vegetation, swales, and compost and without woodchips.
4
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3. Concepts and theories
The research is based on the concept presented below, figure 6. This concept is retrieved from
two conceptual frameworks, called T-O-E (technology-organisation-environment) and the
adoption framework. T-O-E explains that the adoption of new techniques by individuals
depends on their preference for several factors, namely: social structures, economic value,
environmental necessity and impact, and for the required technology. Examples of each of
these factors are presented in figure 6. In this research, the concept is used to analyse the
adoption of the earthen contour bund synergies (Awa et al., 2017). T-O-E is indicated in figure
6 with the red border around the boxes.
The adoption framework is used for understanding the link between predicted outcomes and
actual outcomes. This concept represents the technical analysis of the potential of earthen
contour bund synergies and the actual outcomes which are influenced by the actions and
behaviour of individuals (Halbrendt et al., 2014). The adoption framework is illustrated in the
figure with a blue border.
It is believed that only looking at the technology or only looking at the social effect is not
sufficient to come to an optimal solution (Land, 2000). To find a suitable solution or adaptation
strategy, a holistic socio-technical approach is necessary (Grasso & Martinelli, 2010). This is
exactly one of the questions this research is aiming to solve, namely: Which earthen contour
bund synergy for post-fire land restoration is most likely to be adopted by small to mediumscale landowners, environmental organisations, and pulp and paper companies in Southern
Portugal? The adoption framework is mainly technical and the T-O-E framework is mainly
social (Awa et al., 2017; Halbrendt et al., 2014). When combining the two frameworks a socio technical approach is created as shown in the flowchart (figure 6).

Figure 6, flowchart, based on T-O-E & adoption framework (Awa et al., 2017; Halbrendt et al., 2014). MRQ; Which earthen
contour bund synergy for post-fire land restoration is the most likely to be adopted by small to medium-scale landowners,
environmental organisations, and pulp and paper companies in Southern Portugal? SQ 1; What are the different criteria and
the values added to these criteria for the adoption of post-fire land restoration interventions mentioned by the stakeholders?
SQ 2; What are the environmental effects of the earthen contour bunds synergies for post-fire land restoration? SQ 3; What
are the direct costs and benefits of each treatment?
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The two frameworks are linked in the “actions and behaviour of individuals” (green circle,
figure 6). The actions and behaviours of every human being are influenced by their individual
preference. The actions and behaviours of individuals are the interaction between the
predicted outcomes and the actual outcomes. Hence, this combined framework explains that
the actions and behaviour of individuals are influenced by predicted outcomes, and by their
preference for technology, environment, economic value, and social structure. The influenced
predicted outcomes lead to actual outcomes.
This chapter refers to the research questions that are presented in chapter 1.3 “Objective and
research questions”. The flowchart above shows that the “scientific hypothesis for soil bund
synergies” has certain outcomes for post-fire land restoration. In other words, the potential
of the intervention is measured, this is investigated through sub-research question 2 (SQ2).
The actions and behaviours of individuals are central in this framework. As previously
introduced, these are influenced by the scientific outcomes, the required technology, the
environment, the social structure, and the direct costs and benefits of the measure. The costbenefit relations are investigated through sub-research question 3 (SQ3). The other factors
influencing the actions and behaviour of individuals are investigated through sub-research
question 1 (SQ1). All the factors together will generate the actual outcome, this is investigated
through a Multi-Criteria analysis (MCA) in the main research question (MRQ).
In this conceptual framework, a loop is visible. The actual outcomes will influence the
environmental conditions and socio-economic relations (blue boxes, figure 6), which will again
influence the whole progress of adoption (Halbrendt et al., 2014). The effect of this loop is not
investigated in this research. Nevertheless, it is added to the framework because it is
important to take into consideration and it will be used to discuss the outcome of this
research.
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4. Method
This chapter will be divided into four sub-chapters, societal (SRQ 1), environmental (SRQ 2), economic (SRQ 3), and Multi-Criteria analysis
(MRQ). The research plan is presented in figure 7.

Figure 7, research plan.
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The research was planned as shown in figure 7. The research has a socio-technical approach,
with a biophysical factor for the environmental effects of the measures. The socio -economic
approach is about the feasibility of the adoption of the measures. The biophysical factor was
measured through experiments on the different synergies. The socio-economic factor was
identified through interviews, which were analysed in a Multi-Criteria analysis and a cost and
benefit analysis. The Center for International Forestry Research (CIFOR) book was used as a
guideline for the application of a Multi-Criteria analysis to assess the different criteria and
indicators (Mendoza & Prabhu, 2005). The book “Applied Cost-benefit Analysis, second
edition” by Robert J. Brent (2006) was used as a guideline for the application of a cost and
benefit analysis in the research.

4.1.

Societal

Interviews were held with eight stakeholders; each stakeholder was categorised into one of
the 4 types on the basis of their occupation and objectives of their landownership (table 1).
The four categories are “environmental organisation”, “private landowner type 1”, “private
landowner type 2”, and “pulp and paper company”.
The type “environmental organisation” was represented by GEOTA. GEOTA is an NGO with
the mission to protect the environment and promote sustainable development. The
interviewed personnel of GEOTA was focused on a project of reforestation of land that was
affected by wildfires. They promoted the replantation of trees and supported landowners in
this process (Adhesive / Brand+Digital Designers, n.d.).
The stakeholder type “private landowner type 1” is defined by three landowners who do not
generate their main income from the land directly and have another source of income that
does not come from the land. For example, person 5, is an owner of a yoga and meditation
center. She does not generate an income from the land directly but she desires a green
environment where her clients can walk through the nature/forest.
The stakeholder type “private landowners type 2” is represented by two landowners. These
landowners are or have the vision to be completely dependent of the land they own. One is a
horticultural farmer and the other one is an investor who has the vision to produce herbs on
his land.
The stakeholder type “pulp and paper company” is represented by the biggest pulp and paper
company in Portugal “Navigators”. They own large amounts of land in Portugal, on which they
mainly grow Eucalyptus to make paper.
Table 1, interviewed stakeholders’ occupation and categories.

Tag
Person 1
Person 2
Person 3
Person 4
Person 5
Person 6
Person 7
Person 8

Occupation/Company
GEOTA
GEOTA
Researcher & Landowner
Navigator
Owner Yoga/meditation center & Landowner
Consultant & Landowner
Farmer & Landowner
Investor & Landowner

Type
Environmental organisation
Environmental organisation
Private landowner type 1
Pulp and paper company
Private landowner type 1
Private landowner type 1
Private landowner type 2
Private landowner type 2
18

Each type of stakeholder has its own values added to different criteria of the Multi-Criteria
analysis. For every criterion, an investigation was done, and a stakeholder-specific value was
added through interviews. All interviews were semi-structured, offering both the interviewer
and the participant the chance to expose issues they feel are important. A semi-structured
interview is an oral exchange of information, where the interviewer attempts to collect
information from the participant by asking questions. A list of predetermined questions was
formulated (see annex “Interview questions”), as the interviews were semi-structured there
was the flexibility to change the order of the questions and the way they were addressed
(Longhurst, 2003).
The participants of the interviews were selected by snowball sampling. Snowball sampling is
defined as a sampling strategy where the researcher finds participants through contact
information that is provided by previous participants (Noy, 2008). The process of selecting
participants started through consultation of both supervisors and experts Florian Ulm and
Joao Carvalho Nunes.

4.2.

Environmental

The environmental impact of the synergies was investigated through multiple field and lab
experiments gathered with the help of researchers of the R3forest project. Next to assessing
the environmental impact, the outcome of these experiments was also used for the
theoretical calculations, described later in paragraph 4.2.3. “Formula”. Based on the outcomes
of sub-research question 1 the following environmental factors were investigated; erodibility,
species performance and survival, soil fertility, vegetation cover (C-factor), and physical
erosion. The method of investigation for each factor will be described in this chapter
subdivided over the field, lab, and formula.

Figure 8, environmental data collection. The coloured boxes are retrieved data that was used for the environmental
evaluation either through formulas or directly (e.g. vegetation assessment). The transparent boxes are steps taken when
going through the lab work. These results are not used for the environmental evaluation.
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4.2.1. Field
Vegetation assessment

The vegetation cover of the area between the different earthen contour bunds was assessed
for every plot. Additionally, the species' performance and survival rates on each complete plot
were investigated. Due to the time shortage in the field, only the plots at site 2 were measured
for vegetation cover between the lines. Three random samples were taken per plot by
throwing an object over the shoulder. A 58cm2 square was positioned over the vegetation at
the spot the object landed. A picture was taken vertically at approximately 1 m and 20 cm
from the ground, this is the height of an outstretched arm. The pictures were processed with
photoshop software (adobe photoshop 2022) and cropped with the tool “Cropping by
perspective”. This would result in a picture where only the area inside the square of 58 cm2 is
present.
Subsequently, the percentage of vegetation cover was analysed through the web application
Canopeo (2022 Canopeo App). Due to time constraints, this app was chosen as it is especially
useful when a large set of images needs to be analysed. Canopeo classifies 90% of the pixels
accurately (Patrignani & Ochsner, 2015). Canopeo is an image analysis tool that classifies all
the pixels in the photo, it generates colour values for each pixel with the red -green-blue
system. The ratios between red to green, blue to green, and an excess green index are used
to analyse the pixels (Joiner, 2016). When this analysis is processed the app shows a binary
picture with white and black pixels. The white pixels correlate with green canopy and the black
pixels correlate with all the pixels which are not green (Chung et al., 2017). The percentage o f
vegetation cover is calculated by the ratio of white and black pixels (Joiner, 2016). This entails
that only green vegetation is counted as cover.
The species performance and survival rates were measured in December 2021 by Florian Ulm.
Each planted plant was checked for survival and growth. This was done using a ruler, the plant
was measured from the soil to the highest point in a resting situation. The area of the canopy
was not taken into consideration, only vertical growth was measured. If a plant did not survive,
a height of 0 cm was indicated.
Sediment collection/runoff

The runoff of the sediments was collected through sediment traps in erosion plots in the field.
In total there were 32 erosion plots divided over the two sites. The erosion plots co nsisted of
an area where erosion is able to take place and a smaller area where the sediment was
trapped. Of these erosion plots, 20 of them were big plots with 16 m 2 (8m X 2m) of eroding
area. There were twelve “baby” plots with 0.98 m2 (1.4m X 0.7m) of eroding area (figure 9).
Both were equally divided over the two research sites. The erosion plots were placed as
homogeneous as possible in the different treatments taking slope, mother material, and wind
directions into account.
Each treatment had 4 big erosion plots, but the amount of “baby” erosion plots differs per
treatment. The control, machine, and swale treatment each had 3 “baby “erosion plots. The
compost and woodchip treatment had respectively 1 and 2 “baby” erosion plots. The soil
erosion was measured by collecting the sediment and plant residues trapped in the sediment
trap. All the sediment traps were cleared of sediment and plant residues with the same
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precision. The sediment and plant residues were collected with a dustpan and brush and put
in hermetically sealed bags. The bags were stored at room temperature (± 23 °C), and they
stayed untouched until the experiments continued in the lab

Figure 9, field photo illustrating the "baby" and big erosion plots.

Soil sample collection

One soil sample per plot was taken, resulting in a total of 70 samples over the two sites. The
location of the soil sample in each plot was determined randomly. The sampling technique
was based on the guidelines of the book “Soil analysis” (Smith & Mullins, 1991). The samples
were taken with a hollow cylindric ring which had a volume of 19.5 cm3 and was placed in the
topsoil. The height of the ring was 3 cm, and the diameter was 28.8 cm (figure 6). This ring has
a smaller size compared to standard-sized sample rings, this decision was made due to the
roughness of the soil. The sample was cleared of crumbly soil on top and below the ring, only
leaving the exact volume of soil in
the ring. This was done carefully
as the bulk density was measured
through this volume. After the
samples were collected, they
were stored in hermetically sealed
bags, avoiding the sample to be
affected or changed. The samples
were stored at room temperature
(± 23 °C), and they stayed Figure 10, illustration of the sample ring and collection method.
untouched until the experiments
continued in the lab.
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Soil structure classification

The soil structure classification was measured in the field. This was determined through
assessing the handbook of the Canadian Agricultural Services Coordinating Committee (1998).
Three examination spots over both field sites were determined randomly. At those spots the
soil structure was classified. The clay, silt, and sandiness of the soil were determined,
moreover, the shape of soil particles and aggregates was evaluated.
4.2.2. Lab
Wet and dry weight eroded sediment and plant residues

The method for the analysis of the erosion plots was determined in collaboration with erosion
expert Sergio Prats Alegre. The wet and dry weight of the eroded sediments and plant residues
was weighed in the lab together with the hermetically sealed bags. The weight of the bags was
determined before the field collection and subtracted from the weight weighed in the lab to
generate the wet weight of the sediments and plant residues.
In order to measure the dry weight of sediment and plant residues, the bags were opened,
and the content was dried in an oven for 6 days at 60°C. After this, the bags were sealed again
and weighed again. Subsequently, the samples were sieved at >2 mm, separating the bigger
plant residues and stones from the sediment. Next, the plant residues and stones were
separated by hand and weighed. Lastly, the sediments <2 mm were also weighed. This
resulted in four different dry weights per erosion plot; the total volume of the bag, the stones
>2mm, the plant residues >2 mm, and the sediments <2mm.
Organic matter eroded sediment and soil samples

The organic matter (OM) of the eroded sediment and soil samples was determined in the lab.
After the samples were dried in the oven and sieved, the sediments with a diameter smaller
than 2 mm were analysed for the OM content. The soil with a diameter >2 mm was not
considered. The eroded sediment and soil samples were both sieved with the use of a
motorised sieve. With an amplitude of 2 mm for a period of 1 min per soil sample.
The soil particles of the soil samples with a diameter <2 mm were powdered with a motorized
powdering machine. This is done to ensure the homogeneity of the sample. Unfortunately,
this could not be done for the soil of the sediment samples due to the failure of the powdering
machine. To ensure the homogeneity of the eroded sediment samples a larger amount of soil
was burned. For the powdered soil of the soil samples, only 1 gram of soil was used. The
burning was done in crucibles with respectively 1 or 3 grams of soil or sediment in a Muffle
furnace for 4 hours at 550°C. Afterwards, the crucibles cooled down in a sealed area until they
were at room temperature (approximately for 7 hours, room temperature approximately
21°C). The loss on ignition process was performed, determining the weight before and after
the vigorous heating process in the Muffle furnace, this determined the percentage of OM in
the sample (Zhang et al., 2014). The OM rate in the topsoil is linked to soil fertility (Johnston,
1991). There were two dates (15/12/21 and 14/04/22) on which the OM in the topsoil was
determined. In this research, only the data from soil organic matter retrieved on 14/04/2022
is taken into account as the OM level had to be stabilised after the implementation of the
project.
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Particle-size soil samples

The particle size parameter was primarily determined through sieving. The process started
with dried soil samples (60°C for 6 days). The sieving started after the drying process, the dried
soil was sieved at 2mm, 0.425mm, and 0.063mm. For each particle size the weight was
determined, meaning that the weight was determined for the particle sizes >2mm, 2< x >
0.425mm, 0.425 < x > 0.063mm, and <0.063mm. Using these weights and the total weight of
the sample, the percentage of each particle size was calculated.
The distribution of clay silt and sand was determined through a Log-Normal approach which
is further explained in paragraph 4.2.3. “Formula: Particle size distribution”, this approach was
validated by consulting literature (Cox, Reese, & Grubbs,
1974; Sand, Clay, and Humus, 2018). An additional
sedimentation experiment in the lab confirmed the data as
well. This sedimentation experiment took 2 weeks. 20
grams of soil was put in a plastic tube and 30ml of distilled
water was added. Afterwards, the tube was shaken
manually for 30 minutes. The tubes were placed in a stabile
rack and the soil sedimented over 6 days (Sand, Clay, and
Humus, 2018). After which, the layers were clearly
visualised, each layer indicated either silt, clay, or sand (Cox,
Reese, & Grubbs, 1974). The thickness of the layers was
measured with a ruler, and based on the thickness of each
layer the percentage of clay, silt, and sand was determined.
Figure 11 illustrates an example after sedimentation of 6
days. This data was compared to the data retrieved from
Figure 11, example of the results of the
the calculations via the Log-Normal approach (Uzoegbo, sedimentation experiment.
2016).
4.2.3. Formula
Particle size distribution

The particle size distribution which was determined in the lab (see paragraph 4.2.2. “Lab;
Particle size soil samples”) did not allow for the correct information for the calculations of
erodibility. For these calculations, the clay, silt, and sand percentages in the soil need to be
determined. As clay has a radius between 0 and 1 mm and silt has a radius between 1 and 25
mm, it was not possible to determine this through sieving (Yolcubal et al., 2004; Skaggs et al.,
2001; FAO training, n.d.). That is why a calculation with a log-normal approach was chosen, to
identify the clay and silt percentage of the soil samples in 4 steps. The first step was to only
consider the particles below 2 mm. Secondly, the cumulative particle size distribution of the
soil was calculated. Afterwards, the curve of the cumulative particle size was transformed into
a logarithmic and approached with a logarithm regression. The last step was to predict the
particle sizes into the class limits for clay, silt, and sand. With this information, the cumulative
curve was recalculated and so the different classes were determined. This approach was based
on the estimating particle size distribution article by Skaggs et al., 2001. Moreover, literature
was consulted to know if the clay, sand, and silt percentages correspond to the soils in the
area (ESDAC - European Commission, n.d.).
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Profile permeability class

The profile permeability class was determined by the saturated hydraulic conductivity. The
estimation of soil permeability is prescribed to soil texture classes, these soil texture cases are
assigned to different saturated hydraulic conductivities by Panagos et al. (2014). To calculate
the hydraulic conductivities pedo-transfer functions were used (Saxton, & Rawls, 2006). The
formulas which are used as described in the annex “Formula particle size” The parameters
which are used for these formulas are bulk density, OM, sand fraction, clay fraction, and silt
fraction. This resulted in the profile permeability class per soil sample and treatment .
Erodibility

The erodibility is represented by the K-factor in the RUSLE equation. The K factor is the soil
erodibility factor which represents both the susceptibility of soil to erosion and the rate of
runoff, as measured under the standard unit plot condition (Technical Guide to RUSLE use in
Michigan, NRCS-USDA State Office of Michigan, 2002). The following formula was used to
determine the erodibility
𝐾 = 2.8 ∗ 10 −7 𝑀1.14 (12 − 𝑎) + 4.3 ∗ 10−3 (𝑏 − 2) + 3.3 ∗ 10−3 (𝑐 − 3)

Equation 1

M = Particle size parameter ((% silt + % very fine sand)*(100 -% clay))
a = % organic matter
b = Soil structure code (1-4)
c = Profile permeability class (rapid-1, very slow-6)

This formula (equation 1) is retrieved from the book “Predicting soil erosion by water: a guide
to conservation planning with the Revised Universal Soil Loss Equation (RUSLE)” by Renard
(1997). This data was retrieved either from field or lab work, some data was retrieved from
further calculations (figure 8).
4.2.4. Statistical analysis
The environmental data was analysed on significance in RStudio (2021). The social and
economic data was not statistically analysed as was the Multi-Criteria analysis. This was due
to limited sample sizes, unnecessity, and no suited tests (Hogg, McKean, & Craig et al., 2005).
The environmental data was analysed for each factor. Firstly, it was tested if the data was
normally distributed by using the Shapiro-Wilk test (Whitcome, Shapiro, & Lieberman, 2007).
If the data was independent of the observation, there were no significant outliers, it was
normally distributed, and had a homogeneity in the variance a pairwise independent student’s
t-test was performed, with the p adjustment method “BH” (Benjamini & Hochberg, 1995; Kim
& Park, 2019). A pairwise independent student’s t-test checks if there is a significant difference
between two independent variables (Hogg, McKean, & Craig et al., 2005). All the data from
the different treatments were compared one by one. If the data was not normally distributed
a Mann-Whitney U test was used to check if there was a significant difference between the
treatments. A Mann-Whitney U test can be used when the data is not normally distributed
and there is a need to check if there is a significant difference between two variables
(McKnight & Najab, 2010). Three levels of significance were used to evaluate the results of the
environmental factors. When the p-value was higher than 0.1 no significance was concluded.
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A p-value of: 0.1 - 0.05; 0.05 - 0.01; and p-values < 0.01, respectively signify a weak
significance, significance, or strong significance (Tsui & Weerahandi, 1989).

4.3.

Economic

To analyse the economic impact, a cost and benefit analysis was performed. This analysis was
developed as a practical guide for social decision-making (Brent, 2006). The definition of a cost
and benefit analysis process by Prest and Turvey (1966), is used in this research. Their
definition is; “The present value of all values minus those of all costs” (Prest & Turvey, 1966).
A cost and benefit analysis is based on the following questions:
•
•

Which costs and benefits are to be included?
How are the costs and benefits to be evaluated?

To simplify the concept, a cost and benefit analysis was computed when these questions were
answered. Once they are answered the costs and benefits per scenario were calculated (Brent,
2006).
The direct costs and benefits of each treatment were determined through interviews with the
project experts and in combination with literature. Before starting the interviews an
orientational meeting with Florian Ulm revealed certain costs which should be included
namely, labour, materials, and planting costs. All these factors obviously affected the total
costs. A discount was calculated for the direct benefits of implementing certain treatments.
The discount was based on two sources Jardine, & Sanchirico (2018) and the Instituto Superior
de Agronomia, which explain the value of cleared land which is the result of the woodchip and
acacia treatment (for more information see chapter 5.3 “Economic”). An analysis for future
economic benefits or interest rates on the investments was not considered as there was too
little information available for the specific treatments. Nevertheless, there was a comparison
made with the costs of other land regeneration projects through the article of Leverkus et al.
(2012) which shows the costs of different land regeneration projects in the Mediterranean
area. This is further explained in the discussion (chapter 6.3 “Economic”).

4.4.

Multi-Criteria analysis

To evaluate the outcomes of each synergy a Multi-Criteria analysis was executed. A MultiCriteria analysis is a decision-making tool, which incorporates different objectives. It has been
defined as a tool for Multi-Criteria problems that includes both quantitative and qualitative
aspects of the problem in the decision-making process (Macoun & Prabhu, 1999). It scores the
performance of the different measures on multiple criteria, ensuring that the final result is
well-considered in the context and is sustainable (Boggia and Cortina, 2010). The main
characteristics of a Multi-Criteria analysis are the multiplicity and heterogeneity of objectives.
Moreover, a Multi-Criteria analysis is characterised by the plurality of decision-makers (Seo &
Sakawa, 2012).
Firstly, the criteria were determined for each stakeholder type, by the means of interviews or
literature (for further explanation see chapter 4.1 “Societal”). Afterwards, the values were
added to each criterion, 1 indicates no explicit value-added, and 10 indicates value added to
the criterion (Vafei, Ribeiro, & Camarinha-Matos, 2016). A baseline scenario was developed
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where all criteria have an equal value. The actual input of each criterion was normalised by
the following formulas.
𝑟𝑖𝑗 = 𝑟

𝑟𝑖𝑗 −𝑟𝑚𝑖𝑛

𝑚𝑎𝑥 −𝑟𝑚𝑖𝑛

𝑟𝑖𝑗 =

𝑟𝑚𝑎𝑥 −𝑟𝑖𝑗
𝑟𝑚𝑎𝑥 −𝑟𝑚𝑖𝑛

Equation 2, Positive criteria

Equation 3, Negative criteria

rij = the normalised value or the given value
rmax = the maximum value of all given values
rmin = the minimum value of all given values
(Vafei, Ribeiro, & Camarinha-Matos, 2016) & (Celen, 2014)

Whether a criterion was positive (equation 2) or negative (equation 3) was determined on the
basis of the interviews and literature (chapter 4.1. “Societal”). When the normalised values
were determined, the different stakeholder categories and their corresponding values to the
criteria were analysed resulting in a Multi-Criteria analysis per stakeholder group and a
baseline. This will indicate which treatment suits which stakeholder type best.
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5. Results
This chapter will discuss the research results and is divided into four sub -chapters in
correspondence with the research questions presented in “1.3 Research Objective and
questions”.

5.1.

Social

The results of the first sub-research question 1 (SQ1): “What are the different criteria and the
values added to these criteria for the adoption of post-fire soil land restoration interventions
mentioned by the stakeholders?”, will be discussed in this chapter. Firstly, the criteria are
presented in table 2. These criteria are subdivided into three groups; costs, land regeneration,
and social. The criteria are defined on the basis of interviews, the type of criterion can be
positive or negative. Positive indicates that the higher the amount of the corresponding unit
the better and negative indicating the lower the amount of the corresponding unit the better.
All stakeholder types had their own criteria for the adoption of post-fire land restoration
interventions. An overview of all the criteria and the value added to these criteria by
stakeholder type is visualised in table 2. Moreover, it is important to mention that all
stakeholder types find it important that the restoration intervention is customized to the local
circumstances.
Table 2, the results of the criteria and the value added to the criteria per stakeholder type. 1 indicates no explicit valueadded, and 10 indicates value added to the criteria (Vafei, Ribeiro, & Camarinha-Matos, 2016).

Criteria
Costs
Labour
Material
Planting costs
Discount
Total costs
Land
regeneration
Average plant
survival
Average
erodibility
Average
vegetation cover
Biodiversity
Average Soil
Organic Matter
Social
Knowledge
Acceptance by
landowners
Economic
possibilities

Private
Environmental landowner
organisation
type 1

Private
Pulp and
landowner paper
type 2
company

Unit

Type

Pers./day/ha
€/h
€/h
€/h
€/h

Negative
Negative
Negative
Positive
Negative

1
1
10
10
1

10
1
10
1
1

10
1
10
10
10

10
10
10
1
10

%

Positive

10

1

10

10

(K)

Negative

10

1

10

10

%

Positive

10

10

10

1

Scale 1-4
%

Positive
Positive

10
10

10
10

1
10

1
10

Yes/No
Yes/No

Negative
Positive

10
1

10
1

1
1

1
1

Yes/No

Positive

1

10

10

10
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The “costs” criteria entail: labour, material, planting costs, discount, and total (investment)
costs. In the table, the units per criterion of the costs are explained. On the other hand, the
explanation of discount is not evident. The discount describes the costs you save by removing
acacia for the production of woodchips and compost per hectare of implementing the post
fire intervention.
The “land regeneration” criteria entail: average plant survival, average erodibility, average
vegetation cover, biodiversity, and average soil organic matter. Average plant survival stands
for the percentage of planted plants which survive after planting (± 1 year after planting). The
average erodibility describes the k-factor which stands for the potential of soil to erode. The
explanations of the average vegetation cover and average soil organic matter are evident. The
biodiversity stands for the amount of biodiversity gain on a scale of 1 to 4, 1 meaning little
diversity of plants and 4 indicating a large diversity of plants.
The social criteria entail: knowledge, acceptance by landowners, and economic possibilities.
Knowledge describes if it is necessary to have knowledge on the intervention to implement it.
The acceptance of landowners describes if other landowners will except the intervention
around the area the stakeholder operates. Economic possibilities stand for the opportunity to
gain profit from the intervention.
Table 1 shows the interviewed stakeholder and the stakeholder type they correspond to. The
results presented in table 2 are explained below.
5.1.1. Environmental organisation
In both interviews with GEOTA, their most prominent criterion for the adoption of post fire
soil interventions was the rehabilitation of the native biodiversity. It was claimed that
biodiversity is the first step towards a sustainable recovery of forests in Southern Portugal.
The native biodiversity would ensure less reoccurrence of wildfires, due to the characteristics
of the trees. They strongly agreed to stop the planting of eucalyptus and other fast growing
but pyrophytic species. The “environmental organisation” values the benefit of the production
of compost and woodchips from acacia trees (the discount) as the pyrophytic acacia is
removed and the land becomes available for a more biodiverse coverage. This explain s the
high importance for the criteria discount, biodiversity, average soil cover, and average plant
survival rate (table 2).
Their second most important criterion was soil regeneration, as this is linked to biodiversity
recovery. They were explicit that soil recovery is important for the recovery of the native
biodiversity and that the biodiversity gain would not be so sustainable when the soil is not
regenerated. To the question if the soil should be regenerated before the biodiversity can
improve, they replied that the native biodiversity would enhance the soil regeneration and
the other way around so it should be done simultaneously. Nevertheless, they were certain
that this was their second criterion as they were convinced that native biodiversity
rehabilitation would facilitate soil regeneration. This explains the high importance for the
criteria average erodibility, and average organic matter in the soil.
Their third criterion for the adoption of post-fire land restoration interventions was the
outcome that these interventions would reduce the time between fire events. Currently, the
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time between fire events is too little in their opinion. This has an enormous effect on the social
structure of the villages around fire prone areas. People are moving out of these areas as their
future is unsure due to the reoccurring fire events. This leads to more and more abandoned
land which is sold to big companies or is deserted. Both cause more wild fires in the opinion
of the “environmental organisation” stakeholder type. This explains the high importance for
the criterion knowledge, as for the “environmental organisation” type it should be easy for
landowners to implement the intervention, this means that more landowners could
implement it. The more landowners implement the intervention the bigger the area which is
less susceptible for fire.
To summarize, the criteria for the adoption of post fire land restoration interventions is native
biodiversity improvement, soil regeneration, and the reduction of occurrence of fire events.
5.1.2. Private landowners type 1
The first criterion for the adoption of post fire land restoration interventions of “private
landowners type 1” is the improvement of native biodiversity. For them it is important that
their land is revitalised into the original state. This biodiversity would ensure a pleasant
environment for them, and their customers. This explains the high importance for the criterion
biodiversity.
The second criterion is to have a self-sufficient environment. Meaning that the trees have a
high survival rate, the vegetation cover is improved and that the soil fertility is improved. They
would like to have a system in place where the nature is balanced and does not requi re a lot
of maintenance work. Hence, these interventions can have a high initial investment cost but
should not require a lot of labour and go on its own. This explains the importance for the
criteria; labour, average plant survival, average vegetation cover, average soil organic matter,
knowledge, and economic possibilities.
The third criterion for the adoption of post-fire land restoration interventions was the
reduction of the occurance of wildfires. These landowners wanted to have a more stable
situation where they do not need to plan for the uncertainties a wildfire brings. This explains
the importance for the criterion knowledge. As little knowledge for the implementation of the
treatment would mean that more people would be able to implement the intervention.
5.1.3. Private landowners type 2
The first criterion this stakeholder type describes is the success rate of the plant survival of
the intervention. The landowners feel like their intervention should really work in the sense
that their land should recover as fast and as efficient as possible after a wildfire. This explains
the importance for the criteria; average plant survival and average vegetation cover.
The second criterion this stakeholder type describes is the importance of soil regeneration.
These landowners want to have a soil which is good for growing crops. This means that they
value the average erodibility, average soil organic matter, and the discount. The first two
criteria are both because this regenerates the soil, the third criterion “discount” is important
to this stakeholder type because by clearing the land from acacia from woodchips and
compost they gain more land to cultivate other crops.
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The third criteria this stakeholder describes for the implementation of post fire land
restoration interventions is a low cost and future proof intervention. These landowners need
to think about their future generation whom will cultivate on the land but also need to be able
to invest in it on a short notice. As these landowners do not have a lot of inve stment
opportunities it is important that the intervention is worth the investment. Nevertheless,
these landowners generally have the capability and machinery to do the interventions
themselves giving that they do not need to invest that much as others. This explains the high
importance for the criteria; labour, total costs, and economic possibilities.
5.1.4. Pulp and paper company
The first criterion the “pulp and paper company” mentioned for the adoption of post fire land
restoration interventions was the recovery of the productive potential of the land. The “pulp
and paper company” wants to be able to restore the land as quick as possible and start
producing again as they need a constant flow of wood to meet the paper demand. They want
a high plant survival but a low vegetation cover as this reduces the growth of trees in their
opinion. They also find it important the average soil organic matter is high as this improves
the soil fertility.
The second criterion they mentioned was soil regeneration as this improves the potential for
plant growth. That is why they value the soil erodibility. Moreover, they do not mind the
amount of necessary knowledge for the intervention as they have a lot of experts in their “big”
“pulp and paper company”. They do care a lot for the investment costs. They want a good cost
benefit ratio where the investment really is worth it. The last criterion they mentioned is
ecosystem restoration, not so much that they value the biodiversity on the land before the
fire event. More in the sense that the land is recovered taking the future into account.
Meaning that they would like to be able to produce wood for a longer time on the same land.
Resulting in the opinion that they value the economic possibilities of an intervention.
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5.2.

Environment

In this sub chapter of the results the environmental results will be presented. The research
question which is investigated in this subchapter is “SQ2: What are the effects of the earthen
contour bunds synergies for post-fire land restoration on the erosion rates?“.
5.2.1. Erodibility
In figure 12 the erodibility is plotted against the treatments in a boxplot. The data of the
erodibility was collected in the field on the 14th of April 2022. To check the significance of the
difference in erodibility between treatments a pairwise independent t-test is executed, see
table 3 for the results. In figure 12 it is visible that the erodibility is lower with the treatments
“compost” and “woodchip”. This is also proven when looked at the p-values of the pairwise
independent t-test.

Figure 12, boxplot of erodibility per treatment.

As is clearly visible in table 3, there is no significance between the treatments woodchip and
compost, and between the control, swale, and machine treatments. Hence, it is visible that
the woodchip and compost treatment reduce the erodibility.
Table 3, p-values for erodibility tested by a pairwise independent t-test, the p values have three levels of significance; pvalue > 0.1, 0.1 > p-value > 0.05, 0.05 > p-value > 0.01, and p-value < 0.01, indicating no significance, weak significance,
significance and strong significance respectively (Tsui & Weerahandi, 1989).

Machine
Swale
Woodchip
Compost

Control
0.8472
0.4175
0.0332
0.0182

Machine

Swale

Woodchip

0.4175
0.0149
0.0051

0.0844
0.033

0.6563

P-value
> 0.1
0.1 > x >0.05
0.05 > x > 0.01
< 0.01

There is a strong correlation of 0.99 (Pearson correlation)between the particle size distribution
and the erodibility (annex “Correlation”). Hence it is clear that the sand, silt and clay fraction
of the soil samples are of importance when looking at the erodibility. The clay, silt, and sand
fractions were determined by log normal functions retrieved from the results of sieving (see
chapter 4.2.3. “Formula: Particles size distribution” for further details) , these results are in
line with the clay, silt, and sand fractions found in literature for the same research area
(Ballabio, Panagos, & Monatanarella, 2016; Panagos et al., 2011; European Soil Data Centre
(ESDAC)). This indicates that the erodibility is less in the treatments woodchip and compost.
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5.2.2. Species performance and survival rates
Figure 13 shows the plant survival rates per treatment in percentage. In the control treatment
no trees were planted, so there is no data available. Table 4, shows the p values of the pairwise
independent t-test.

Figure 13, boxplot of the survival rates of the planted plant per treatment (%).

Figure 13 and table 4 show that the treatments woodchip and compost have a significantly
higher survival rate than the treatments swale and machine.
Table 4, p-values for plant survival rates tested by a pairwise independent t-test, the p values have three levels of
significance; p-value > 0.1, 0.1 > p-value > 0.05, 0.05 > p-value > 0.01, and p-value < 0.01, indicating no significance, weak
significance, significance and strong significance respectively (Tsui & Weerahandi, 1989).

Machine
Compost
Woodchip

Swale

Machine

Compost

0.56266
0.00255
0.000000086

0.00913
0.00024

0.13579

P-value
> 0.1
0.1 > x >0.05
0.05 > x > 0.01
< 0.01

Figure 14 shows the relations of each treatment to the species survival. As is visualised,
compost is the overall best performing treatment when it comes to species survival rates. The
runner up is Woodchips, also performing well generally speaking. With True Myrtle the
treatment has the lowest survival rate it is underperforming but this is an exception when
looking at the survival rates of other species when woodchip is applied. Both the machine and
swale treatment perform poorly on the species survival. These results and the results of
Florian Ulm (Annex “Overall survival rates”), indicate the following scale of biodiversity of the
planted species rates. 4 for Compost, 3 for woodchip and 0 for both machine and swale. As
the overall survival rate is higher in the compost and woodchip treatments it is assumed that
the biodiversity is higher in these two treatments.
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Figure 14, boxplots of the species survival rate per treatment (%).
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5.2.3. Soil fertility
In figure 15 and table 5 the organic matter in the topsoil and the p-values per treatment are
visualised. It is clear that the implementation of the interventions (clearance of the land, swale
making, and planting) decreased the level of OM in the soil. This is visible because the Control
group shows a higher amount of OM in the soil in comparison to the other treatments.

Figure 15, , boxplot of the soil organic matter rates per treatment on the 14th of April 2022 (%).

The data on OM for the 14th of April 2022 shows that there is a significant difference between
the woodchip and swale treatment, and the machine and swale treatment (table 5).
Moreover, the significance test shows that the OM in the topsoil is significantly higher in the
control group than in the other treatments.
Table 5, p-values for the organic matter rates tested by a pairwise independent t-test, the p values have three levels of
significance; p-value > 0.1, 0.1 > p-value > 0.05, 0.05 > p-value > 0.01, and p-value < 0.01, indicating no significance, weak
significance, significance and strong significance respectively (Tsui & Weerahandi, 1989).

Machine
Swale
Woodchip
Compost

Control
0.000001
0.0000000028
0.000045
0.00000036

Machine

Swale

Woodchip

0.0911
0.2279
0.6746

0.0033
0.1643

0.1322

P-value
> 0.1
0.1 > x >0.05
0.05 > x > 0.01
< 0.01
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5.2.4. Vegetation cover
Figure 16 shows the distribution of the vegetation cover measured on 14/04/22 per
treatment. It is visible that the vegetation cover was impacted by the machine treatment.

Figure 16, boxplot of the vegetation cover per treatment (%).

Table 6 shows the results of the statistic tests, as the treatments swale and control were not
normally distributed the Mann-Whitney U test was performed. It is clear that the control
treatment significantly has more vegetation cover than the other treatments. Moreover, the
machine treatment shows a limited significance of a smaller amount of vegetation cover than
the woodchip treatment. The differences between the treatments swale, woodchip, and
compost are not significant.
Table 6, p-values for the vegetation cover tested by a Mann-Whitney U test, the p values have three levels of significance; pvalue > 0.1, 0.1 > p-value > 0.05, 0.05 > p-value > 0.01, and p-value < 0.01, indicating no significance, weak significance,
significance and strong significance respectively (Tsui & Weerahandi, 1989).

Machine

Machine
Swale

Control
0.000444
0.0822

Swale

Woodchip

0.00561

0.0533

0.417

Compost

0.00561

0.488

0.266

Woodchip

0.136
0.295

P-value
> 0.1
0.1 > x >0.05
0.05 > x > 0.01
< 0.01
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5.2.5. Erosion/Sediment traps
The data from the erosion in the sediment traps is visualised in figure 17. The ton/ha/year are calculated and presented on the y -axis, on the xaxis the different treatments are presented. It is visible that the Baby plot collected more erosion than the big p lot. This is due to the connectivity
of the erosion in the field, which is further explained in the discussion (chapter 6.2.5. “Erosion/Sediment traps"). Due to the limited sample size,
there are no significant differences between the treatments. This results that the erodibility (chapter 5.2.1 “Erodibility”) does not lead to actual
changes in the erosion measured in the sediment plots.

Figure 17, boxplot of the soil in the sediment traps per treatment and plot size (ton/ha/year).
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5.3.

Economic

In this sub chapter the economic results are presented. This chapter answers the sub-research
question 3: What are the direct costs and benefits of each treatment? In table 7 the costs
(represented as discount) and benefits are presented.
Table 7, direct costs and benefits (discount) per treatment (euro/ha).

Costs
Discount
Total costs

Control
0.0.0.-

Machine
4700.0.4700.-

Swale
5300.0.5300.-

Costs per treatment (Euro/ha)
Woodchip
Compost
15700.17200.400.400.15300.16800.-

The definition of costs are investment and maintenance costs, but as the project has little
maintenance these are not very important for the calculations. The direct benefits is
represented in table 7 as the discount. Next to all the advantages of each treatment shown in
the results chapter 5.2 “Environmental”, there are also direct economic benefits to the
interventions. For example, the production of woodchips has two interesting outcomes. On
the one hand woodchips and compost are produced from acacia but on the other hand the
piece of land is cleared from trees. In this research it is assumed that the trees of this plot of
land are acacia trees. From the literature review the flowing conclusion can be made for the
amount the discount (direct benefit) represents in a monetary value. The Acacia trees are an
invasive species it is beneficial to get rid of them, which is presented in the €400,- discount
(Jardine, & Sanchirico, 2018). Literature research found that the benefit of removing Acacia
trees for 1 ha of treatment implementation is equal to €400,- (Instituto Superior de Agronomia
(CEABN, CEF, LEAF), n.d.). The cleared land has a higher value than the land overgrown with
Acacia, as it can be used for other purposes (Calvert, 2011)
The costs are explained by the swale construction costs, the woodchip and compost costs, and
the planting costs. The costs of the swale production is subdivided into labour and material
costs, the sum of these costs is 2250, - €/ha for making swales (table 8). The costs of making
woodchips are equal to compost, when assuming water costs are negligible. The costs are
divided into the labour of cutting of trees and labour of the wood chipping itself, coming to
the total costs of 0.09 €/kg of woodchips. For one hectare of intervention with woodchips 117
tonnes are required and for one hectare of intervention with compost 134 tonnes are
required. Making that the implementation of woodchips for one hectare comes down to
around €10400.- and for one hectare of compost the costs are €11900.- (table 8). The planting
costs with the species and set up explained in chapter 2.2 “Project description” are around
3000.- €/ha (table 8). This results in no costs for the control treatment, more or less 4800.€/ha for the machine treatment, 5300,- €/ha for the swale treatment, 15300.- €/ha for the
woodchip treatment, and 16800.- €/ha for the compost treatment (table 7). Making the costs
of the treatments of woodchips and compost the highest.
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5.4.

MCA

MRQ: Which earthen contour bund synergy for post-fire land restoration is the most likely to
be adopted by small to medium scale landowners, environmental organisations, and pulp and
paper companies in Southern Portugal?
To answer the main research question all the results of the results chapter should be
interpreted. In table 8 the absolute results of each criterion indicated in research question 1
are summarised (Dodgson et al., 2009).

Unit

Type

Swale

Machine

Control

Costs
Labour
Material
Planting costs
Discount
Total costs
Land regeneration
Average plant survival
Average erodibility
Average vegetation
cover
Biodiversity
Average Soil Organic
Matter
Social
Knowledge
Acceptance by
landowners
Economic possibilities

Compost

Criteria

Woodchip

Table 8, absolute results of each criterion per treatments.

Pers./day/ha
€/h
€/h
€/h
€/h

Negative
Negative
Negative
Positive
Negative

8
14100
3000
400
15300

8
12630
3000
400
16800

8
2300
3000
0
5300

6
1700
3000
0
4700

-

%
ton/ha
%

Positive
Negative
Positive

0.948
0.012
40.73

0.964
0.012
41.96

0.946
0.017
42.73

0.927
0.018
36.18

0.018
56.94

Scale
%

Positive
Positive

4
0.084

3.5
0.079

2
0.075

2
0.082

0.115

Yes/No
Yes/No

Negative
Positive

yes
Yes

yes
yes

yes
yes

no
no

no
yes

Yes/No

Positive

yes

yes

yes

no

no

The results of the costs are explained in chapter 5.3 “Economic” and the results of Land
regeneration in chapter 5.2 “Environment”. The social results are further investigated through
interviews with Florian Ulm and Miguel Jeronimo, two experts on post-fire land regeneration
interventions. The knowledge is required for all the treatments except for the control and
machine treatments (interview with Florian Ulm). The acceptance by landowners is positive
for all treatments except for the machine, as this is seen as an negative intervention by the
surrounding landowners (Interview Miguel Jeronimo, GEOTA). The economic possibilities are
positive for all the treatments except for the machine and control treatments, as these do not
generate any extra input and rely on the natural recovery.
Table 9 show the normalised results for each treatment (calculated through equation 2 and
3), the normalised results explain the worth of each criterion per treatment without the value
of each criterion. Table 2 show the values of each stakeholder per criterion. The results per
stakeholder type are presented in the annex (annex “Calculation Multi-criteria analysis).
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Machine

Pers./day/ha
€/h
€/h
€/h
€/h

Negative
Negative
Negative
Positive
Negative

0.00
0.00
0.00
1.00
0.12

0.00
0.12
0.00
1.00
0.00

0.00
0.95
0.00
0.00
0.95

1.00
1.00
0.00
0.00
1.00

-

%
Ton/ha
%
Scale 1-4
%

Positive
Negative
Positive
Positive
Positive

0.57
1.00
0.22
1.00
0.24

1.00
0.93
0.28
0.75
0.12

0.51
0.15
0.32
0.00
0.00

0.00
0.03
0.00
0.00
0.18

0
1
1

Yes/No
Yes/No
Scale 1-4

Negative
Positive
Positive

0.00
1.00
1.00

0.00
1.00
1.00

0.00
1.00
0.33

1.00
0.00
0.00

1
1
0

Control

Type

Swale

Costs
Labour
Material
Planting costs
Discount
Total costs
Land regeneration
Average plant survival
Average erodibility
Average vegetation cover
Biodiversity
Average Soil Organic Matter
Social
Knowledge
Acceptance by landowners
Economic possibilities

Unit

Compost

Criteria

Woodchip

Table 9, normalised results for each criterion per treatment.

The overall results of the Multi-Criteria analysis are presented in figure 18. It is visible that the
compost and woodchip treatments are more favourable for all stakeholder types. Especially
for the “private landowners type 2”. The swale and machine treatment are the least favourite
for the stakeholder types; “pulp and paper company”, “environmental organisation”, and
“private landowners type 1”. For the “private landowners type 2”, the control treatment is the
least favourable.

Baseline

Pulp and paper company

Environmental organisation

Private landowners type 1

Private landowners type 2

Figure 18, overall results of the Multi-criteria analysis treatment vs stakeholder type. The higher the value the better
the treatment fits the stakeholder type.
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6. Discussion
In this chapter the results will be evaluated and discussed in the same order as they were
presented in chapter 5 results .

6.1. Social
The results of the social analysis show a clear difference between stakeholders who have the
incentive to gain profit directly from the land and stakeholder types which do not. It could be
argued that based on the results the stakeholder types “environmental organisation” and
“private landowner type 1” have similar values for the criteria (table 2). They are both not
bothered by the costs of the investment and are eager to enhance the regeneration of
biodiversity, organic matter, and the vegetation cover. The stakeholder types: “pulp and paper
company” and “private landowners type 2” also have similar values attached to the criteria
(table 2). They both find the investment costs important as they want to see the returns of
their investment. Moreover, they are interested in enhancing the organic matter, plant
survival rates and decreasing the erodibility.
Moreover, every stakeholder type valued an increase in the average soil organic matter
content. Each stakeholder also valued the planting costs and wanted to keep them limited.
The acceptance of landowners was not valued by any of the stakeholder types. This was
because all stakeholder types found it important to act after a wild fire and did not care if this
was accepted by others.
To validate the results of the found criteria for the Multi-Criteria analysis, table 10 shows the
criteria and the literature supporting the importance when looking at land restoration
interventions. This is necessary as the found criteria cannot only be based on the interviews
as this would limit the scalability of the research. When the criteria are accurate it is easy to
multiply the research in other areas. So in literature articles were found to support the criteria
defined in this research (table 10). There are different literature sources for different criteria.
This is because most literature was focussed on either costs, land regeneration or social
possibilities. Especially the costs as criterion for the implementation of post-fire interventions
is well represented in the literature (Canadas, Novais, & Marques, 2016; Mourao & Matinho,
2016; Soares, 2013; Carreiras et al., 2014; Feliciano et al., 2015). Moreover, the biodiversity
and plant survival are also relatively well represented in the literature (Mourao & Matinho,
2016; Carreiras et al., 2014; Oliveira, Rocha, & Sá, 2021; Feliciano et al., 2015). Nevertheless,
there is little literature available taking all the criteria of this research into account at the same
time. This makes this research unique and valuable.
Table 10, criteria and supporting literature.

Criteria
Costs
Labour
Material
Planting costs
Discount
Total costs

Source
(Canadas, Novais, & Marques, 2016), (Mourao & Matinho,
(Canadas, Novais, & Marques, 2016), (Mourao & Matinho,
(Canadas, Novais, & Marques, 2016), (Mourao & Matinho,
(Canadas, Novais, & Marques, 2016), (Soares, 2013)
(Canadas, Novais, & Marques, 2016), (Mourao & Matinho,
2013), (Carreiras et al., 2014), (Feliciano et al., 2015)

2016)
2016)
2016)
2016), (Soares,
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Land regeneration
Average plant survival
Average erodibility
Average vegetation
cover
Biodiversity
Average Soil OM
Social
Knowledge
Acceptance by owners
Economic possibilities

(Mourao & Matinho, 2016), (Carreiras et al., 2014), (Oliveira, Rocha, & Sá,
2021), (Feliciano et al., 2015)
(Soares, 2013), (Oliveira, Rocha, & Sá, 2021)
(Feliciano et al., 2015)
(Carreiras et al., 2014), (Oliveira, Rocha, & Sá, 2021), (Feliciano et al., 2015)
(Soares, 2013), (Feliciano et al., 2015)
(Oliveira, Rocha, & Sá, 2021)
(Soares, 2013), (Carreiras et al., 2014), (Feliciano et al., 2015)
(Oliveira et al., 2020), (Mourao & Matinho, 2016), (Soares, 2013), (Feliciano
et al., 2015)

The first point of critique on the method of the social results is that semi-structured interviews
can lack transparency in the choice of questions and mode of analysis (Young et al., 2018).
Nevertheless, the semi-structured interviews created a guideline for the interview. Moreover,
the direct questions made the analysis of the interviews straightforward (see annex “Interview
questions”). This general point of critique on the transparency of semi structured interviews
is less relevant for this research as the same questions were asked to each participant, the
participant only got the chance to extant their answer.
Another point of critique on the social methods is the sampling strategy for the interviews
“snowball sampling”. It is argued that the technique is not random enough as it is based on
available contacts. Also, the researcher will continue the interviews no longer than to the
saturation point. Hence, until no more significant new information can be gained (Ged des,
Parker, & Scott, 2018). This point of critique is not applicable to this research as it aims to find
possibilities for different stakeholder types and does not aim to find one perfect fit. Making it
less important to interview all stakeholders.
Moreover, the sampling size of eight participants is seen as small and the stakeholder types
are based on one, two, or three participants. As the data of the social research is qualitative
this is not a major problem (Gil ,2020). The purpose of these interviews was to discover the
opinion of stakeholders which were grounded in their experiences. Therefore, the scalability
of the research is questionable (Gil, 2020). Nevertheless, as was discussed before this research
aims to find possible solutions for specific cases and not one perfect fit solution which would
work for every stakeholder. For the case study area Barão de São João, all stakeholders were
interviewed giving a clear result for this specific case. Nevertheless, to overcome the scalability
of this research it is important to consider that when the findings of this research are used on
different cases firstly a criteria interview must be performed with the concerning partners.
This then must be applied to the data of the Multi-Criteria analysis for specific and suitable
results.
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6.2. Environmental
In this section all the environmental variables and their outcomes will be investigated. This
will consist of the erodibility, species performance and survival rates, soil fertility, vegetation
cover, and the sediment traps.
6.2.1. Erodibility
The erodibility has a large dependency on the soil particle distribution, the soil particle
distribution is determined on the basis of one equation. This equation assumes that the
logarithmic function of the distribution can estimate the fractions of particle sizes in the soil
(Skaggs et al., 2001). As the equation of the particle size distribution is based on the
assumption explained above, and the erodibility has a large dependency on the particle size,
the results of the erodibility can be questioned. Nevertheless, the results of the particle sizes
were checked with soil maps of the European Soil Data Centre and an additional
sedimentation test. The literature shows a clay percentage ranging from 0.5 to 2.5% in the
area of the field work and the sedimentation experiment showed a clay fraction of 0.5 to 2 %
(Panagos et al., 2011; European Soil Data Centre). The sand, clay, and silt fractions determined
by the calculations match those found in the literature and sediment experiment, making the
results of the erodibility plausible (annex “Difference calculated and measured particle size”).
It is interesting when looking at the results of the erodibility that there is a significance for less
erodibility when using woodchips and compost in comparison to the other treatments. It is
believed that these treatments cause less erosion because of the absorption of water in the
soil and the growth rates of the plants (Filcheva & Tsadilas, 2002). Causing a better OM ratio
and creating a faster growth rate. Nevertheless, the swale itself does not create a lower
erodibility in contrast to James and Krumland (2018), who found that swales lead to lower
erosion rates (James & Krumland, 2018). This difference can be explained by the vegetation
cover which is not considered when looking at the calculations of the erodibility factor. Erosion
is partially dependent on the vegetation cover, climate, slope, and on the erodibility.
Nevertheless, in the research of James & Krumland (2018) the vegetation cover, climate, and
slope were kept constant between all the treatments, meaning that the difference in erosion
rates is merely dependent on the erodibility. Resulting in the conclusion that the swales also
lead to a lower erodibility. As this is not in line with the research results it is believed that the
swale is not deep enough to decrease the erodibility and to create a microclimate in which
the erodibility is decreased.
Moreover, the erodibility rates in the research area found in literature range between 0.02
and 0.033 which is low compared to other areas in the world (Panagos et al., 2014). These
values are approachable to the erodibility rates of the control, machine and swale treatments.
Nevertheless, the woodchip and compost treatments clearly show a lower range of erodibility
than found in literature. This can be explained by the stone surface cover. Panagos (2014)
claims that the high percentages of stone cover, especially in Mediterranean countries, is not
taken into account leading up to an overestimation of the erodibility. This indicates that the
erodibilities found in this research are approachable to the reality, as the stone cover was
taken into account in this research.
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As the sand fraction is very important for the erodibility, the question remains if the
treatments can change the sand fractions in the soil (Radziuk & Świtoniak, 2021). Particle sizes
influence the erosion and sedimentation rates, and it is known that small particle sizes erode
more easily (Koiter et al., 2017). This means that at the sedimentation point, which is before
the swale, small particles would be found when erosion occurs affecting the erodibility of a
significant part of the plots (Zamani & Mahmoodabadi, 2013; Ding & Huang, 2017).
The erodibility factor of the RUSLE equation has multiple limitations. The erodibility factor is
limited to physical components of the soil, chemical components are left out of the equation
(Phinzi & Ngetar, 2019). Including the chemical component would have made the results on
the erodibility factor of the different treatments more accurate. The most prominent
limitation is that the erodibility factor is not a direct indication for the erosion (Ghosal & Das
Bhattacharya, 2020). The actual erosion is influenced by multiple physical and chemical
aspects of a soil and environment (e.g. slope, rainfall intensity, vegetation cover, etc.) (Hilton
& West, 2020). This is a major limitation of the erodibility factor as the results only indicate
the likeliness of the soil to erode (Ghosal & Das Bhattacharya, 2020). Nevertheless, this is
overcome in this research as the actual erosion is also measured through the sediment plots.
6.2.2. Species performance and survival rates
In figure 13 it is clearly visible that the compost treatment has the highest survival rate,
woodchip is the runner up as they also perform well. Nevertheless, there is no significant
difference between the treatments. However, there is a significant difference in the survival
rate when looking at the differences between the woodchips and compost, and the swale and
machine treatments (table 4). This means that the plants are more likely to survive when
woodchips and compost are applied. There are multiple reasons found in literature for this
result.
The literature shows that for woodchips and compost the infiltration rates are higher than
when there is bare soil, in case of the machine and swale treatment (Grismer, Hogan, &
Steinfield, 2012). Moreover means that the water holding capacity of compost and woodchips
is higher leaving more water available for the plants over a longer timespan (Kirchoff, Malina,
& Barett, 2003). Moreover, the water holding capacity of woodchips and compost will cause
the nutrients in the water and soil to be available for the plants and not leach, leaving a more
fertile soil for the plants to grow (Mukhtar et al., 2008).
The difference between the survival rates of the compost and woodchips treatments could be
explained by the possibility of the available nutrients each treatment has. The paper of Miller
et al. (2004) shows that the available nitrogen in the soil is higher when manure is composted
than when it is fresh.
Another interesting result between the different survival rates of species is that the difference
in treatment has a limited effect for the survival rates of Eucalyptus and Carob (figure 14). It
is also interesting that Myrtle and Eucalyptus react to the compost treatment and not to the
other treatment. Carob only reacts to the woodchip treatment and not to the other
treatments. This might be due to the difference in water holding capacity of the treatments
and the water requirements of the species.
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Literature shows that the water holding capacity of compost is higher than that of woodchips
(Mohee & Mudhoo, 2005). Eucalyptus has a high water requirement, 70 mL/plant/day
(Aprialdi et al., 2019). Myrtle on the other hand is a drought tolerant species, meaning that
the water holding capacity does not directly influence the survival rates (Marras et al., 2006).
Myrtle responds well to a relatively high nitrogen supply in the soil (Cabrera & Devereaux,
1998). This could explain the response of myrtle to compost and not to other treatments.
Carob trees are known to be able to grow well in poor and unfertile soils, nevertheless, carob
trees do need an abundant amount water for survival in comparison to other species (Essahibi
et al., 2021). This could explain why woodchips is a good fit for the Carob tree. As the nutrient
level of woodchips is not too high but the water holding capacity is sufficient.
The results of the species performance and survival rates are limited to the investigated
species. The effect of post fire interventions on pyrophytic species was not investigated. This
could have indicated if the interventions would reduce the number of invasive pyrophytic
species, which could be a major benefit for post fire land restoration. The article of Ugarte,
Garcia, and Sanchez-Mata (2012) explains that pyrophytic species are outcompeted by other
species when the pioneer stage is over. This means that the compost and woodchip
treatments could generate a more suitable climate for native species making it impossible for
exotic pyrophytic species to survive. This should have been included in the research, but does
not limit the results found, it just limits the potential of the research .
Another point of critique to the species performance and survival rates is the heterogeneity
of the plants when they were bought. This could have influenced the survival rates of the
species. Moreover, the planting for the project was done by multiple volunteers. This could
have had an influence on the survival rates of the plants, due to the different planting styles
of the volunteers.
6.2.3. Soil fertility
The results clearly show that the organic matter (OM) content in the soil is higher at the
control treatment than at all the other treatments (table 5 & figure 15). This can be explained
by multiple reasons, the first is that the soil and coverage of the control treatment was
undisturbed. The article of Nair (2019) shows that the OM content on a swale treatment is
negatively influenced if there was tillage. Moreover, it is interesting to see that the treatments
of compost and woodchip do not show a significant higher OM content than the machine and
swale treatment, which was expected. Except for the difference between the woodchip and
swale treatment. This can be explained by the disruption of the soil during the implementation
of the treatments. When leaving the control treatment out of the evaluation it could be argued
that the compost and woodchip treatments have a higher OM content than the other
treatments, even though this does not have a strong significance.
Moreover, when looking at the results of the vegetation cover it is very clear that the
vegetation cover of the control treatments is much higher in comparison to the other
treatments. Meaning that it is more likely that the organic matter in the soil is higher in this
treatment (Picariello et al., 2021).
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Johnston (1991) explains that there is a close relation between soil fertility and OM content,
as organic matter has an high nutrients content and has the chemical characteristics to attract
nutrients (Sahrawat, 2005). Nevertheless, it can be argued that soil fertility is also dependent
on the chemical components, soil biology and fauna, and soil structure (Chen et al., 2020; Nair,
2019). These other factors were not investigated in the determination of the soil fertility of
each treatments, which limits the accuracy of the results.
Due to limitations in time and material it is believed that looking at the organic matter content
is sufficient as an indication for the soil fertility. Moreover, the organic matter rates are a key
component as higher rates positively influence the soil structure, water holding capacity, and
nutrient supply (Nair, 2019).
6.2.4. Vegetation cover
The results of the vegetation cover show that the vegetation cover of the control treatment is
clearly higher (figure 16). This is mainly due to the non-disturbance of the control treatment,
when the treatments were implemented, the complete vegetation cover was removed for all
the other treatments. Meaning that there was less vegetation at the start even though a large
part was burned.
An interesting constraint of the high vegetation cover of the control treatment is the
biodiversity of the vegetation cover. In the field it was observed that the vegetation cover of
the control treatment was dominated by Cistus ladanifer. Having one species that dominates
is not suitable for creating a fire resilient landscape (Coop et al., 2016). Meaning that a high
vegetation cover of one dense species is not preferable in a fire prone area.
The vegetation cover does not influence the erodibility, which is unexpected as organic matter
is included in the formula for the erodibility (Renard, 1997). Literature shows that the organic
matter is influenced by the vegetation cover (Nair, 2019), but this does not seem to outweigh
the other factors in the erodibility formula: particle sizes, soil structure, and profile
permeability class (Renard, 1997). It could also be that not enough time had passed for the
recovery of the vegetation cover to influence the treatments. Moreover, it is unexpected that
the difference in vegetation cover does not have a direct effect on the erosion, as literature
shows that the vegetation cover is directly linked to the erosion rates (Wu et al., 2020). It could
be argued that the erosion in the control treatment is still similar to the other treatments due
to the vegetation cover and that without the vegetation cover the erosion would be higher.
The data of the vegetation cover is limited to the treatments of the second field site (figure
4). This was done due to time limitation but impacts the statistical analysis as it is harder to
discover significant difference with a smaller number of samples (Hogg, McKean, & Craig et
al., 2005). It could be argued that when the vegetation cover on both sites would have been
investigated there could have been more certainty for the difference in vegetation cover
between the treatments.
6.2.5. Erosion/Sediment traps
The results of the sediment traps show that there is a difference between baby and big plots
in erosion. This is related to the concept of connectivity of erosion (Keesstra et al., 2018). In
this research we talk about lateral connectivity, the term connectivity is applied on a hillslope.
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The term connectivity stand for the extent to which landscape units are contiguously linked
to another (Wainwright et al., 2011).
The lateral connectivity would explain the difference between baby and big plots in the
sediment traps. The larger amount of sediment in the baby plot is believed to be caused by
the location of the sediment plot in comparison to the big plot (figure 19). The big sediment
plot is placed over multiple swales, it is believed that the erosion is already sedimented when
it arrives at the bottom in the sediment trap. In the baby sediment plots this sedimentation
does not happen before in one of the swales, meaning that all the erosion is sedimented in
the sediment trap. This would indicate that the swales cause a smaller lateral connectivity and
reduce the erosion.
When looking at the control group where
there are no swales it is still visible that
the baby plot has a higher amount of
erosion in ton/ha/year than the big plot.
Nevertheless, it is visible that the
difference in erosion between the baby
and big plot in the control group is
smaller than in the other treatments
with swales. The machine treatment had
no swales but planting was implemented
on the contour lines. The trees might also
have reduced the erosion and caused
sedimentation, creating a smaller lateral
connectivity.

Figure 19, illustration of the location of the "baby" and "big"
sediment plots.

There is no difference between the treatments where only trees were planted and the
treatments where both swales and trees were implemented. Hence, it could be argued that
the swales do not reduce the erosion and lateral connectivity. The research performed by
Girona-García et al. (2021) shows that both cover and barrier erosion reduction treatments
reduce erosion. This could indicate that both treatments reduce the erosion, meaning that
combining them would not give a significant extra benefit.
Even though the environmental influence on the sediment plots was tried to be equal, this
was not completely achieved. Some sediment traps were located on a steeper slope in
comparison to other sediment traps. This limits the accuracy of the results. Nevertheless, the
results do not show extraordinary significant differences between the treatments. Moreover,
the amount of sediment traps per treatment was not equal. This made it harder to detect
significant differences between treatments.
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6.3. Economic
The economic results can show a clear difference between the treatments of woodchips and
compost and the treatments of machine and swale as there is an average difference of
10,000.- euros/ha. This is due to the process of making the woodchips and compost. The
difference between the woodchips and compost can be explained by the amount of wood
necessary to make the products. The costs explained in table 7 consider that the implementer
would make the compost themselves. It can be argued that buying compost or woodchips that
are already produced by larger manufacturers is cheaper (Ferreira et al., 2017). Nevertheless,
it is believed that making the woodchips by themselves gives the discount as you also clear
land. The discount is represented as the direct benefit of the treatments.
The difference between the swale and machine treatment can be explained by the amount of
labour which is necessary to implement these treatments. The costs of the compost treatment
is the highest but when scaling the results it is clear that the difference between compost and
woodchips is low (figure 20).
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Figure 20, costs per treatment.

The economic data was based on the costs for the project implementation, making it doubtful
that the costs found in this research are the same at other locations and may differentiate
over time. Price fluctuations and inflation were not taken into account as this is too
unpredictable (Dreyer & Grønhaug, 2012). Moreover, the costs of each treatment were
investigated to show a scale of costs per treatment and not to know the exact costs. When
looking at the costs of other post fire land restoration projects the total costs are around
6,000.- €/ha (Leverkus et al., 2012). Meaning that the costs of the interventions of woodchips
and compost are relatively high.
Furthermore, the economic results are limited in upscaling as they are based on interviews
and literature. As the costs of making compost or woodchips are highly dependable on the
local labour and transport costs, it makes that the results presented are case specific for
Portugal (Dalzell et al., 1987). This limitation would be resolved when the costs were
investigated more, and price difference was compared between different countries.
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6.4. MCA
When looking at the results of the Multi-Criteria analysis it is clearly visible that both the
woodchips and compost treatments are the most favourable intervention for post-fire land
restoration for all the stakeholder types (figure 18). For the “private landowners type 1”,
“environmental organisation”, “pulp and paper company”, and “baseline” there is a slightly
higher preference towards compost than woodchips. Only for the stakeholder type “private
landowners type 2” the woodchip treatment has a slightly higher preference. This result was
expected as the compost and woodchip treatments have a high score for most of the criteria
except for the costs (figure 20). Research suggests that the funding for post fire intervention
is lacking for private landowners, meaning that they have to pay the project completely
themselves, which is too expensive for many landowners (Lopes et al., 2022). Nevertheless,
the interviews show that the costs for the interviewed landowners are not so important,
except for the stakeholder type “private landowners type 2”, which values the costs of an
intervention a lot (table 2). This can be explained by research that suggest that landowners do
not care about the costs, but about the cost effectiveness of a post-fire intervention (Chazdon
& Guariguata, 2016). Taking this in consideration, it is possible that the difference in costs of
treatments does not influence the results of the Multi-Criteria analysis. Even though the
difference accounts for more than 10,000.- euro when using woodchip or compost compared
to all the other treatments.
Another reason for the counter intuitive result that woodchips and compost are the preferred
treatment even though they have the highest investment costs is that the production of
woodchips and compost provides a discount. The clearance of land which is dominated by a
pyrophytic species reduces the risk of fire (Silva et al., 2011). Making it appealing for
landowners to clear their land of this dominating invasive pyrophytic species (e.g. Acacia).
Hence, landowners value the reduction of the risk to have their land being caught on fire
making the woodchip and compost treatment interesting. Moreover, it has been discussed
that risk factors increase the abandonment of land, making it important to reduce the risk of
fire events to decrease the land abandonment in Southern Portugal (Beilin et al., 2014).
Moreover, the “pulp and paper company” does not value the discount even though the
clearance of land could be valuable for them too as they could produce new areas for wood
growth (Tomé et al., 2021). This could be explained by the area that becomes available when
clearing the land. This area might be too small for companies such as Navigator to generate a
valuable production.

Private landowners type 2

Table 11, the difference of the value added to a criterion between the “private landowners type 2” and the other stakeholder
types. 1 indicates no explicit value added, and 10 indicates value added to the criteria (Vafei, Ribeiro, & Camarinha -Matos,
2016). B Black indicates an equal value, red indicates a negative difference, and green indicates a positive difference.

Environmental
organisation
Knowledge 1 ≠ 10
Total costs 10 ≠ 1
Biodiversity 1 ≠ 10
Discount 10 = 10
Av. vegetation cover 10 = 10
Economic possibilities 10 ≠ 1

Private
landowners type 1
1 ≠ 10
10 ≠ 1
1 ≠ 10
10 ≠ 1
10 = 10
10 = 10

Pulp and paper
company
1=1
10 = 10
1=1
10 ≠ 1
10 ≠ 1
10 = 10
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The Multi-Criteria analysis shows that the stakeholder types “pulp and paper company”,
“environmental organisation”, and “private landowners type 1” favour the control treatment
above the machine and swale treatments. The “private landowners type 2” favour the
machine and swale treatments above the control treatment. The contrary preferences are due
to the different values added to the criteria (table 11). Table 11 explains the difference
between several criteria when looking at “private landowners type 2” in comparison to the
other stakeholder types. Black indicates an equal value, red indicates a negative difference
(“private landowners type 2” values the criterion less than the other stakeholder type), and
green indicates a positive difference (“private landowners type 2” values the criterion more
than the other stakeholder type).
Table 11 shows that “environmental organisation” and “private landowners type 1” both
differ from the “private landowner type 2” for the criteria: knowledge, total costs, and
biodiversity. For these criteria both the “environmental organisation” and the “private
landowners type 1” give the same value to the criteria, which is the opposite to the value
“private landowners type 2” gives the criteria. The difference in knowledge required can be
explained by the fact that most of the “ landowners type 2” already possess the knowledge
for implementation, as they have experience in land management. Ribeiro et al., (2011)
explains that landowners with experience in land management got a paper instruction to
implement post fire interventions and were able to perform the interventions themselves.
Landowners without experience were not able to perform the whole interventions
themselves. The “environmental organisation” values that all landowners are able to apply
the interventions. This explains the reasoning behind the difference.
The difference in total costs can be explained by the source of income between the
“environmental organisation” and “private landowners type 1”, and the “private landowners
type 2”. The “private landowners type 2” value the total costs more than the other two
stakeholder groups as they have less financial means to implement these interventions. One
of the landowners (“private landowner type 2”) said during the interview: “I am constantly
busy with surviving financially now and I am looking to have fertile land for the future
generation. It is making me doubt if I need to focus on surviving now or surviving in the future."
Tranter et al., (2007) also found that farmers have little opportunities for short term
sustainable change as they are financially limited. This explains that the “private landowners
type 2” want to implement post-fire interventions but are not always financially able to do it.
For the “environmental organisation” the costs are not important as they get major funding
from big partners (e.g. Ryanair). “Private landowners type 1” have more financial means to
intervene after a wild fire as their main source of income lays somewhere else.
The difference in biodiversity between the “private landowners type 2”, and the
“environmental organisation” and “private landowners type 1” can be explained when looking
at the purpose of the land use. “Private landowners type 2” want a high production of
commodities. The production is limited when there are multiple species amongst others a lot
of weeds, as they compete with the producing plants (Kropff, 1988). The “environmental
organisation” and the “private landowners type 1” do not have the objective to grow
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commodities from their land. This explains the difference in the value added to the criterion
“biodiversity”.
The “environmental organisation” adds a different value to the economic possibilities than
the “private landowners type 2” do. The “private landowners type 2” need to earn back their
investments, which is not the case for the “environmental organisation”. Moreover, the
“private landowners type 2” differ in the value added to the discount with the “private
landowners type 1” and the “pulp and paper company”. This can be explained as the area and
amount of money earned from clearing the land is too little for a company such as Navigator
(Financial Information the Navigator Company, 2022).
Lastly the value added to the average vegetation cover differs between the “pulp and paper
company” and the “private landowners type 2”. This can be explained by the interest of the
“pulp and paper company” to produce wood, having other vegetation in the area means that
it is harder to harvest the produced wood.
It is interesting that not one criterion and the value added to it by the “private landowners
type 2” points out to be different from all the other stakeholder types. Hence, the results that
the “private landowners type 2” prefer swale and machine treatments above the control
treatments, which is not in line with the results of other stakeholder groups, cannot be
explained by one criterion, but is a complex gathering of multiple criteria and values added to
them between the stakeholder types.
Lastly, the Multi-Criteria analysis method is reviewed. A Multi-Criteria analysis was seen as an
interesting analytical method as it creates objectivity, without it, decision makers are inclined
to select their preference (Fantino, 1998). Performing a Multi-Criteria analysis renders
research to have more transparent, rational, and effective results (Myšiak, 2006).
Nevertheless, literature suggests that a Multi-Criteria analysis can also oversimplify the
complexity of a problem (Dean, 2020). Even though this problem is addressed it is believed
that a Multi-Criteria analysis as the approach for this research was useful, as it gives objectivity
and made the complexity of post fire recovery manageable. Without the approach of a MultiCriteria analysis the boundaries of the research would have been endless (Myšiak, 2006). It is
important to take into account that the Multi-Criteria analysis limits itself to the cases of the
stakeholder types in this research.

6.5. Overall discussion
The overall discussion and limitation are presented in this subchapter. The resulting question
remains that if woodchips and compost are proven to be the most favourable for all the
stakeholders, why is it not applied more often?(figure 18) This question can be answered
simply; the technique which is investigated in this research is a newly designed technique. So,
these exact interventions can only be applied since their invention, meaning that nobody was
aware of them before. Nevertheless, there are other techniques which are similar to these
interventions such as the application of compost made from municipal waste for the recovery
of a soil after wild fires (Guerrero et al., 2001). Or a project where mulching with straw and
woodchips was applied to improve the infiltration rates (Diaz et al., 2022). These are research
projects that look at more practical interventions of post-fire rehabilitation. There are other
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reasons for the lack of use of woodchips and compost. The first and most important reason
for the lack of post-fire interventions in general is the land abandonment, which happens a lot
in the rural areas (Mateus & Fernandes, 2014). The abandonment of land and the lack of
connection to the land is caused by rural depopulation.
The article of Bento-Gonçalves, Vieira, and dos Santos (2019) suggests that rural areas are
underpopulated, leaving the land abandoned. This land abandonment ma kes that there is
little incentive to implement post-fire interventions. Moreover, the support of the
government is not perceived as sufficient in the eyes of many landowners (Ribeiro et al., 2015).
This manifests in a lack of financial means to implement post-fire interventions. Moreover,
people are lacking trust in the government and fear that the fire will reoccur shortly after the
last event due to the lack of municipal maintenance. This leaves little incentive to invest in
post fire interventions for the recovery of the soil and forest (Ribeiro et al., 2015)(Van Doorn
& Bakker, 2007).
The field work of the research was not only performed by the researcher herself, as the project
existed before the research for this thesis began. This means that there might be a difference
in the manner of sampling as multiple persons did it before. This might have influenced the
way data was collected on the soil samples and sediment traps. Nevertheless, it was always
performed by the same person on one data point. Hence, one person took all the data from
one date making sure that the difference of the data from that date is due to the real physical
properties of the samples and not because of the sampling techniques. Nevertheless, the
difference of the data between dates can be argued upon, as there might be a difference
caused by the sampling technique.
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7. Conclusion
In this chapter, the conclusions of the sub-research and main research questions are
presented. The answer to the first sub-research question; “What are the different criteria and
the values added to these criteria for the adoption of post-fire land restoration interventions
mentioned by different stakeholder types?” is explained in this paragraph. The criteria defined
by stakeholders are labour costs, material costs, planting costs, discount, total costs, average
plant survival, average erodibility, average vegetation cover, biodiversity, average soil organic
matter, knowledge requirements, acceptance by landowners, and economic possibilities. All
the factors are mentioned by different stakeholders and each stakeholder type values
different criteria (table 2), making it important to include all when performing a Multi-Criteria
analysis.
The conclusion of the second sub-research question; “What are the environmental effects of
the earthen contour bunds synergies for post-fire land restoration?” has multiple answers. It
is statistically proven that there is a reduction of erodibility when using the treatments of
compost and woodchips in comparison to the other treatments. Nevertheless, there is no
significant difference in erodibility between the compost and woodchip treatment. The plant
survival rates are significantly higher for the compost and woodchip treatments in comparison
to the machine and swale treatments. The organic matter rates in the soil and the vegetation
cover are significantly higher in the control treatment in comparison to the woodchip,
compost, machine, and swale treatments. There is no difference between the treatments
when looking at the sedimentation rates. Nevertheless, there is a trend that explains that the
connectivity of the erosion is limited due to the swales and planting of plants. To conclude,
the environmental effect of earthen contour bunds synergies for post-fire land restoration are
a decrease in erodibility, an increase in plant survival rates, and are believed to decrease in
erosion. The synergies primarily outcompete the other treatments (machine, swale, and
control) when looking at the erodibility and plant survival rates.
The conclusion of the third sub-research question; “What are the direct costs and benefits of
each treatment?” is straightforward. The control group is having the least costs (0.- €/ha ) but
also no financial discount. The machine and swale treatments cost 4720.- €/ha and 5280.€/ha respectively and have no financial discount. The woodchip and compost treatments cost
15260.- €/ha and 16750.- €/ha respectively, and both have a financial discount (seen as direct
benefit) of 400.- €/ha. This shows that the woodchip and compost treatments both have about
ten thousand euros more investment costs per hectare than the machine and swale
treatments. Making the woodchips and compost treatments considerably more expensive as
an investment than the other treatments.
The conclusion of the main research question; “Which earthen contour bund synergy for postfire land restoration is the most likely to be adopted by small to medium-scale landowners,
environmental organisations, and pulp and paper companies in Southern Portugal?” is as
follows. For all the stakeholder types, “pulp and paper company”, “environmental
organisation”, “private landowners type 1”, and “private landowners type 2”, the woodchip
and compost treatments are the most favourable in comparison to the other treatments. For
the stakeholder types “pulp and paper company”, “environmental organisation”, and “private
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landowners type 1” the swale and machine treatments were favoured more than the control
treatment. For the “private landowners type 2” the control treatment is preferred above the
machine and swale treatment.
To conclude, the soil bund synergies with woodchips and compost are both the most likely to
be adopted for post-fire land restoration by small to medium-scale landowners,
environmental organisations, and pulp and paper companies in Southern Portugal. The main
reasons for this are that the beneficial effects for land restoration outweigh the investment
costs, The interventions are socially accepted, and little knowledge is required for the
implementation.

8. Recommendation
The first recommendation is to use this Multi-Criteria analysis before implementing any postfire intervention as this is important for the success of the project (Dodgson et al., 2009).
Looking back at the setup of the project, it would have been better to perform a Multi-Criteria
analysis before starting the project. Nevertheless, the Multi-Criteria analysis is now more
accurate because of the retrieved data.
During the interviews, it emerged that not all stakeholders had the financial means to invest
in post-fire land restoration interventions. They wanted to intervene but were simply limited
because of their financial capacity. This results in the general recommendation for each
stakeholder type and the government to start up a wild fire recovery insurance (Barreal,
Loureiro, & Picos, 2014). Such an insurance would ensure the implementation of a post-fire
recovery strategy. This would lead to an easier implementation for multiple stakeholders,
making it more appealing to choose for a sustainable and environmentally friendly solution.
Moreover, it would take away insecurity from (certain) stakeholders. During interviews, this
insecurity was perceived by stakeholders who suffered from fire on their lands.
It is also recommended that further research is conducted, both on different post-fire
interventions and that the values of more stakeholders are investigated. This could be useful
for upscaling the project. Moreover, a more extensive investigation for the costs and benefits
is recommended, as there are possibilities to buy woodchips and compost instead of making
it.
When looking at land restoration it is known that this is a long-term process (Wittenberg et
al., 2007). The long-term effects on social, economic, and environmental systems should be
investigated. That is why it is recommended to keep researching the earthen contour bund
synergies for a time span of at least 15 years.
The last recommendation is to perform research which includes fire into the process. This
research was focussed on the time span after a fire. Nevertheless, including the effect of fire
and the situation before the fire event would generate a more holistic result.
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Annex
Interview questions
1)
a)

Name/ Nome:

b)

Occupation/ Ocupação:

c)
What is your connection to/experience with forest fires?/ Qual é a sua ligação/experiência
com os incêndios florestais?
d)
What is your connection to/experience with regeneration of forest fires?/ Qual a sua
ligação/experiência com a regeneração de incêndios florestais?

2)
a)

What is the worst effect of a forest fire?/ Qual é o pior efeito de um incêndio florestal?

b)
What is the social impact of a forest fire on the long term (1 to 2 years after the event)?/
Qual é o impacto social de um incêndio florestal a longo prazo (1 a 2 anos após o evento)?
c)
What is the environmental impact of a forest fire (1 to 2 years after the event)?/ Qual é o
impacto ambiental de um incêndio florestal (1 a 2 anos após o evento)?
d)
Why is regeneration after a forest fire important for you?/ Por que a regeneração após um
incêndio florestal é importante para você?
e)
What intervention strategies do you apply for forest fire recovery?/ Quais estratégias de
intervenção aplica para a recuperação de incêndios florestais?
f)
What is the overall acceptance of these interventions?/ Qual é a aceitação geral dessas
intervenções
g)
What are the most important criteria for a regenerative intervention?/ Quais são os critérios
mais importantes para uma intervenção regenerativa?
h)
What is the most important outcome of regeneration for you?/ Qual é o resultado mais
importante da regeneração para você?

3)
a)
Can you make an ordered list with the five most important criteria (please use keywords)
criteria for the implementation of a post-fire regeneration intervention and make another list with
the most important outcomes of the intervention?/ Você pode fazer uma lista ordenada com cinco
critérios importantes para a implementação de uma intervenção de regeneração pós-fogo e fazer
outra lista com os resultados mais importantes da intervenção?
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Correlation
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Organic matter 15/12/21
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Difference calculated and measured particle size
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Calculation Multi-criteria analysis
Baseline
Criteria
Unit
Weight
NormalisedWoodchipsCompost
weights
Swale
Machine
costs
Labour
Person/day/ha
1
0.083
0.000
0.000
0.000
0.083
Material €/h
1
0.083
0.000
0.010
0.080
0.083
Discount €/h
1
0.083
0.083
0.083
0.000
0.000
Total costs€/h
1
0.083
0.010
0.000
0.079
0.083
Land regeneration
Average plant
% survival
1
0.083
0.047
0.083
0.043
0.000
Average erodibilty
ton/ha
1
0.083
0.083
0.078
0.013
0.003
Average vegetation
%
cover
1
0.083
0.018
0.023
0.026
0.000
BiodiversityScale 1-4
1
0.083
0.083
0.062
0.000
0.000
Average Soil
%Organic Matter 1
0.083
0.020
0.010
0.000
0.015
Social
KnowledgeYes/No
1
0.083
0.000
0.000
0.000
0.083
AcceptanceYes/No
by land owners
1
0.083
0.083
0.083
0.083
0.000
Economic possibilities
Scale 1-4
1
0.083
0.083
0.083
0.028
0.000
Totals
12
1.000
0.513
0.517
0.352
0.351

Control
0.000
0.083
0.083
0.083
0.083
0.000
0.333

Environmental organisation
Criteria
costs
Labour
Material
Discount
Total costs
Land regeneration
Average plant survival
Average erodibilty
Average vegetation cover
Biodiversity
Average Soil Organic Matter
Social
Knowledge
Acceptance by land owners
Economic possibilities
Total

Unit

Weight Normalised weights Woodchips Compost Swale Machine Control

Person/day/ha
€/h
€/h
€/h

1
1
10
1

0.013
0.013
0.133
0.013

0.000
0.000
0.133
0.002

0.000
0.002
0.133
0.000

0.000
0.013
0.000
0.013

0.013
0.013
0.000
0.013

%
ton/ha
%
Scale 1-4
%

10
10
10
10
10

0.133
0.133
0.133
0.133
0.133

0.076
0.133
0.029
0.133
0.032

0.133
0.124
0.037
0.100
0.016

0.068
0.020
0.042
0.000
0.000

0.000 0.005 0.000
0.000 0.133
0.000 0.024 0.133

Yes/No
Yes/No
Scale 1-4

10
1
1
75

0.133
0.013
0.013
1.000

0.000
0.013
0.013
0.565

0.000
0.013
0.013
0.572

0.000
0.013
0.004
0.174

0.133
0.000
0.000
0.202

-

0.133
0.013
0.000
0.413

Private landowners type 1
Criteria
costs
Labour
Material
Discount
Total costs
Land regeneration
Average plant survival
Average erodibilty
Average vegetation cover
Biodiversity
Average Soil Organic Matter
Social
Knowledge
Acceptance by land owners
Economic possibilities
Totals

Unit

Weight Normalised weights Woodchips Compost Swale Machine Control

Person/day/ha 10.000
€/h
1.000
€/h
1.000
€/h
1.000

0.013
0.013
0.133
0.013

0.000
0.000
0.133
0.002

0.000
0.002
0.133
0.000

0.000
0.013
0.000
0.013

0.013
0.013
0.000
0.013

-

%
ton/ha
%
Scale 1-4
%

10.000
1.000
10.000
10.000
10.000

0.133
0.133
0.133
0.133
0.133

0.076
0.133
0.029
0.133
0.032

0.133
0.124
0.037
0.100
0.016

0.068
0.020
0.042
0.000
0.000

0.000
0.005
0.000
0.000
0.024

-

Yes/No
Yes/No
Scale 1-4

10.000
1.000
10.000
75.000

0.133
0.013
0.013
1.000

0.000
0.013
0.013
0.565

0.000
0.013
0.013
0.572

0.000
0.013
0.004
0.174

0.133 0.1333
0.000 0.0133
0.000
0
0.202 0.4133

0
0.1333
0.1333
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Private landowners type 2
Criteria
costs
Labour
Material
Discount
Total costs
Land regeneration
Average plant survival
Average erodibilty
Average vegetation cover
Biodiversity
Average Soil Organic Matter
Social
Knowledge
Acceptance by land owners
Economic possibilities
Total

Unit

Type

Person/day/ha
€/h
€/h
€/h

Negative
Negative
Positive
Negative

10
1
10
10

0.119
0.012
0.119
0.119

0.000
0.000
0.119
0.015

0.000
0.001
0.119
0.000

0.000
0.011
0.000
0.113

0.119
0.012
0.000
0.119

%
ton/ha
%
Scale 1-4
%

Positive
Negative
Positive
Positive
Positive

10
10
10
1
10

0.119
0.119
0.119
0.012
0.119

0.068
0.119
0.026
0.119
0.029

0.119
0.111
0.033
0.089
0.014

0.061
0.018
0.038
0.000
0.000

0.000 0.004 0.000
0.000 0.119
0.000 0.021 0.119

Yes/No
Yes/No
Scale 1-4

Negative
Positive
Positive

1
1
10
84

0.012
0.012
0.119
1.000

0.000
0.012
0.119
0.625

0.000
0.012
0.119
0.618

0.000
0.012
0.040
0.293

0.012
0.000
0.000
0.287

Weight Normalised weights Woodchips Compost Swale Machine Control
-

0.012
0.012
0.000
0.262

Pulp and paper company
Criteria
costs
Labour
Material
Discount
Total costs
Land regeneration
Average plant survival
Average erodibilty
Average vegetation cover
Biodiversity
Average Soil Organic Matter
Social
Knowledge
Acceptance by land owners
Economic possibilities
Total

Unit

Weight Normalised weights Woodchips Compost Swale Machine Control

Person/day/ha
€/h
€/h
€/h

10
10
1
10

0.013
0.013
0.133
0.013

0.000
0.000
0.133
0.002

0.000
0.002
0.133
0.000

0.000
0.013
0.000
0.013

0.013
0.013
0.000
0.013

%
ton/ha
%
Scale 1-4
%

10
10
1
1
10

0.133
0.133
0.133
0.133
0.133

0.076
0.133
0.029
0.133
0.032

0.133
0.124
0.037
0.100
0.016

0.068
0.020
0.042
0.000
0.000

0.000 0.005 0.000
0.000 0.133
0.000 0.024 0.133

Yes/No
Yes/No
Scale 1-4

1
1
10
75

0.133
0.013
0.013
1.000

0.000
0.013
0.013
0.565

0.000
0.013
0.013
0.572

0.000
0.013
0.004
0.174

0.133
0.000
0.000
0.202

-

0.133
0.013
0.000
0.413
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Formula particle size
𝐾𝑏
𝐾𝑠

=

1 − 𝑅𝑤
[1 − 𝑅𝑤 (1 −

3𝛼
)]
2

𝑄33𝑡 = −0.251𝑆 + 0.195𝐶 + 0.11𝑂𝑀 + 0.006 ( 𝑆 ∗ 𝑂𝑀 ) − 0.027(𝐶 ∗ 𝑂𝑀)
− 0.452 (𝑆 ∗ 𝐶 ) + 0.299
𝑄33 = 𝑄33𝑡 + [1.283(𝑄33𝑡 )2 − 0.374( 𝑄33𝑡 ) − 0.015]
𝑄(𝑆−33)𝑡 = 0.278𝑆 + 0.034𝐶 + 0.022𝑂𝑀 − 0.018(𝑆 ∗ 𝑂𝑀) − 0.027(𝐶 ∗ 𝑂𝑀)
− 0.584( 𝑆 ∗ 𝐶 ) + 0.078
𝑄𝑆 −33 = 𝑄(𝑆−33)𝑡 + (0.636𝑄(𝑆−33)𝑡 − 0.107)
𝑄𝑠 = 𝑄33 − 𝑄(𝑆−33) − 0.097𝑆 + 0.043
𝑄1500𝑡 = −0.024𝑆 + 0.487𝐶 + 0.006𝑂𝑀 + 0.005(𝑆 ∗ 𝑂𝑀) − 0.013(𝐶 ∗ 𝑂𝑀 )
+ 0.068( 𝑆 ∗ 𝐶 ) + 0.031
𝑄1500 = 𝑄1500𝑡 + (0.14 ∗ 𝑄1500𝑡 − 0.02)
𝐵=

[ln ( 1500) − ln(33)]
[ln (𝑄33 ) − ln (𝑄1500) ]
ʎ = 1/𝐵

𝐾𝑠 = 1930(𝑄𝑠 − 𝑄33 )(3−ʎ)
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Overall survival rates
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