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1. Executive summary

Deliverable D6.5 is the output of WP6-Task 6.3 (start month 8, end-month 27) activity on ecosystem state
assessment, and is related to the activity of WP5-Task 5.4 (start month 16, end month 30), on change detection
and the activity of Task 6.5 (start month 8, end-month 30) on pressure scenario analysis.

The assessment of the ecosystem state, in terms of the functionality of the soil and of the soil/vegetation
interactions is a relevant step of the procedures for monitoring the impact of human activities and climate changes
on landscapes. The aim is not only to assess changes in the condition of landscape health over time but also to
track recovery actions subsequent to landscape degradation, and to build landscape scenarios useful for
management purposes.

The idea is to consider the landscape as a complex system with an internal organization finalized to capturing,
distributing and sharing internal and external resources useful for running life. Part of the landscape functioning is
to act as a reservoir of such resources, being capable to redistribute them through connecting regions. The
connectivity of the system, i.e the capability to sustain the flux of the resources necessary to the biota, is what
impacts the functionality of the landscape and its status. In turn, changes in the flux of different elements like water,
sediment and fauna may deeply affect the connectivity of the habitat by increasing its fragmentation. Deriving a
guantitative estimate of such changes and their impact on the landscape connectivity is among the objectives of
the BIO_SOS project.

The deliverable is divided into two parts: the first one describes the methodology developed to analyze the
responses of a landscape to rainfall by combining remote sensing data, in-field measurements and ancillary data in
a new distributed model which takes into account the impact of roads on runoff, infiltrated water and erosion. An
example of scenario analysis is performed on one BIO_SOS test site. The preliminary study is intended to provide
evidence of the effectiveness of the approach to be used in Task 6.5, which can be extended to the other project
test sites.

The second part deals with a peculiar aspect of the landscape connectivity related to the flux of fauna. We are
concerned here with cyclic predator-prey populations as in the case of the wolf - wild boar pair which populates the
Italian Alta Murgia Natura 2000 site. This area is currently being studied and used as a test site in BIO_SOS. We
focus on mathematical models of metapopulation dynamics. The rationale for this selection of analytical approach
is that the extension and vegetation type of the Alta Murgia site is not suited for hosting a viable and stable
population of predators. Thus, any conservation policy for similar cases has to be established at a metapopulation
level. Metapopulation dynamics, i.e. the dynamics of a "“population of populations", represent an effective tool for
investigating the dispersal of species population in fragmented habitat. The predator-prey community is divided in
smaller populations living in sub-domains (patches) surrounded by a non-habitat part of the landscape. The
communication among the patches occurs through corridors. Such a scenario is common to landscapes subject to
anthropic pressures. Mathematical models and methods, developed for studying the dynamics of cyclic populations
in fragmented habitats may produce qualitative results to support management decisions. This part of the
deliverable deals with a new mathematical model for analyzing the effect of corridor size on the predator-prey
dynamics in a metapopulation framework. It represents a preliminary study to be further developed by integrating
guantitative data measurements from the field in order to set the proper model parameters for the case at hand.
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2. Introduction

Biodiversity conservation policies require procedures for observing, controlling, surveillance and detection of
changes as well as for building scenarios to simulate feasible rehabilitation actions for degraded landscapes.
Among the factors and processes to be monitored to ensure the appropriate edaphic environment for

conservation of endangered habitats, a key role is played by the interaction of climate with soil.

The surface hydrology of a landscape (i.e. rainfall, infiltration, runoff, erosion, plant growth and nutrient cycling)
strongly contributes to determining the state of health of its ecosystem, when considering the landscape as an
organized system where each part functionally interacts/cooperates with other components to collect, store and
distribute resources for supporting life.

The description, the analysis and the interpretation of ecosystem functions (i.e., the processes that occur in it, their
consequences, the ecosystem degree of health, the drivers and pressures that are generated outside but affect the
ecosystem state continuously or in pulses), represent the core of the Landscape Function Analysis (LFA, Ludwig et
al.[1998]). LFA is a monitoring procedure, embedded in a conceptual approach, that exploits rapidly acquired field-
assessed indicators to assess the biogeochemical functioning of landscapes at the hillslope scale'. An objective of
the BIO_SOS project, as summarized in WP6, Task 6.3, is to develop a similar approach to tackle ecosystem
functions on project sites selected by ranked set sampling design in connection to well proven standard methods
of vegetation surveys. LFA is a monitoring procedure that assesses how well an ecosystem works as a
biogeochemical system, using simple indicators. It is intended for repeated measurements to present the data as a
time series (trajectory). It includes evaluation of ecosystem fragmentation, and connectivity between patches of
similar niches or ecosystem sub-unit can be easily assessed using the measurements suggested by the Ludwig et
al [1998]. It has been applied to a wide variety of landscape types and land uses. This approach can be

merged with the recently developed approaches for sediment and water runoff-runon connectivity. The concept

of connectivity as understood in this task is relevant to hydrological connectivity as, despite a considerable

number of studies that use or address the concept of connectivity, there is no broad consensus on its definition.
This may result from the fact that connectivity studies are often case/species-specific, limited to particular

land units and scales, and focus on the flux of different elements like water, sediment and fauna. Moreover

an evident knowledge gap in the establishment of quantitative measures to evaluate factors such as frictions

met along specific paths by the animal, water, sediment has further diluted the connectivity property of an
environment and the possibility to estimate it quantitatively. Here connectivity for subject X is intended as the
integrated assessment of elements favouring a smooth passage of X from a site A to another site B in the real

3D landscape where non anthropic and anthropic processes interact. Each single pixel can be characterized by

a value of friction exerted against the passing through of X The spatial distribution of these friction values can

be transformed into a probability for X to move from A to B (which can differ from the probability for a successful
move of X from B to A).

The activity included: a) In-field campaigns for quantitative variable measurement; b) integration with satellite
derived products; ¢) assessing hydrological and sediment connectivity
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3. Part . Landscape, plants, landslides and erosion model
(LANDPLANER)

A new landscape, plants, landslides and erosion model has been developed with the aim of performing the
ecosystem assessment for the study sites of the BIO_SOS project. This model is based on the Landscape Function
Analysis (LFA) approach, similar to that proposed by Ludwig et al. [1998], in connection to standard methods of
vegetation surveys. It is a model that can work at its best using VHR satellite images and algorithms to spatialize
data following indices of vegetation density within the same land use class. This will become evident during the
description of the model. We also took the mean annual sediment connectivity model by Borselli et al. (2008) as a
model to imitate for getting input-data tables already existing, so to use already existing knowledge without re-
inventing new tables. This choice of using parameters, whose values have already been determined, may be seen
as a limit but this actually makes the work feasible within the BIO_SOS time table as we only have to focus on the
physico-mathematical relationships without having to measure ad hoc parameters in a myriad of conditions.

LANDPLANER builds on a series of pre-existing models and software tools:

e Grass GIS and its r.watershed functions (© GRASS Development Team, 1998-2013)
o R software (© The R Foundation for Statistical Computing) where most of the array computation is done.

The models here used are:

1. NRCS Runoff Curve Number method
2. EUROSEMZ2013 runoff-erosion model

The item 1 is deeply embedded into the model while item 2 is used for checking results and validate trends. The
choice of using R is simply due to that fact that most of the variables are multi-dimension tables and matrices.
Obviously spatially distributing landscape characteristics means working in a particular environment such as
GRASS GIS but any GIS software would do. More specifically the watershed procedures, originally developed by
Mitasova and her team, includes a series of tools which are extremely useful: r.watershed (watershed basin
analysis program), i.e. such as the single flow direction calculation algorithm (D8), the flow accumulation calculation
working also with the sink (depression) algorithm on; and r.slope.aspect, to generate the slope map.

3.1  Effects of roads: a new tool developed in GRASS (r.sim.road)

As roads and other linear structures often are averaged in DTMs of the cell size larger or equal to the road width, it
was decided to modify the DTM elevation values corresponding to cells belonging to roads in order reproduce road
effects on flow direction and accumulation. Hence, a special tool had been developed in GRASS GIS (r.sim.road)
for dealing with elevation map modification linked to the presence of roads in a DTM too coarse for the road to be
identified as a landscape feature. In particular, the original slope is re-profiled (either or both dug and/or raised):
the operation involves three pixel transversal to the road trajectory, the middle one with the road in it. The three
cells are brought to the same elevation as the central one, hence the road is flat in the direction transversal to the
road while the cells at the boundaries become steeper. When the original slope is below a threshold the three cells
are all raised, constituting a small impermeable dam. The two cases are shown in Figure I.1.

CN CN ¢ CN CN CN
1 Road 2 1 mean | grass
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Figure 1.1 Cell elevation modification to include the effect of roads ion flow direction: the cross section depicts the
road surrounded by 4 pixels with two different land uses. Case b) is applied when slope gradient is low. Other
corrections are possible. The modification also includes a change in CN attribution (see text).

3.2 NRCS Curve number method

The CN method has simple but rich tables for transforming land use classes into data useful for daily runoff
calculation. It has limited need for information about rainfall, only utilizing information about daily rainfall. It does not
involve complex hydrology computations, 3zhence at the end the tool remains easy to use.

The basic equation is:

‘iP_ASA)Z
 P+[1-1)8,

0
(1)

where Q is daily runoff (mm), P is the corresponding daily rainfall (mm), S, (mm) is the maximum potential loss to
runoff, and A is the fraction of S, which represents the initial abstraction.

S, is a storage index, a measure of the catchment hydrological response. It is calculated once the Curve Number
(CN) is defined using tables describing various field conditions where land use and hydrologic soil groups are the
two main inputs. The basic equation was first derived for A=0.2 i.e.:

1000
S020:254|:W10] (2)

More recent studies suggest a much lower value for A: Hawkins et al. (2009) proposed A=0.05, while Mishra et al.
(2003) suggest A=0.00. We will follow Hawkins et al. (2009)’s suggestions. Accordingly, Sy .o was transformed into
So.05 Using the equation (where both S-values are expressed in mm):

1.15
S0.0s=0.819 So.z?)
(3)

CN values are given in 2-entries tables (e.g. see. Table I.1) and selected following the hydrologic soil group and
the land use.

This type of choice is in agreement with the approach followed by Borselli et al. (2008) for sediment connectivity:
they used the C factor of RUSLE (Renard et al. 2?//) because this factor C summarizes the effect of different land
uses and management on soil erosion, exactly as the CN-values in the CN method. Then we opted for introducing
a difference with respect the standard use of the CN in hydrology. This modification is introduced following the LFA
approach proposed by Ludwig et al.[1998],To understand the originality of our approach let us compare it with its
standard version. The main issue is that the standard runoff CN model is lumped and a catchment is represented
by one single value of CN which represents the weighted average of the CN values of the land uses present in the
studied basin. This single value is then used to transform rainfall into daily runoff (eq.1). Daily runoff is a measure
of the water exiting the catchment and nothing is said about the behaviour inside: the catchment is not described in
its internal diversity. The cell A of Figure 1.2 represents either a cell or a basin: no description of what occur inside
the catchment is given. We proceeded in a different way by attributing to each pixel its own CN-value. This change
means that the cells on a divide (cell A of Figure 1.2) uses only rainfall as input while all the other cells (cell B of
Figure 1.2) receives both rain and runoff from upstream pixels. Rain and runoff are summed and substituted for rain
in eq.1. In other terms the general form of eq.1 becomes:
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_(P+Y0,~1S)
TP+> 0, +H1-1)S

0

4
Table I.1 Example of Curve number tables (NRCS, 2004) for arid and semi-arid zones.
Hydrologic Soil Group

LAND USE Hydr. Cond. A B C D
Poor 80 87 93
Fair 71 81 89
Good 62 74 85
Poor 66 74 79
Fair 48 57 63
Good 30 41 48
Poor 75 85 89
Fair 58 73 80
Good 41 61 71
Poor 67 80 85
Fair 51 63 70
Good 35 47 55
Poor 63 77 85 88
Fair 55 72 81 86
Good 49 68 79 84

If we compare runoff from the catchment and rainfall and calculate the catchment CN we observe the same types
of trends that are observed when runoff is measured in real catchments: this “strange” catchment behaviour can
be explained by the simple spatial variation of CN values, i.e. the spatial variation of catchment characteristics
relevant for runoff production. This unexpected result is a fact corroborating our choice and explaining the
asymptotic-behaviour correction to CN recently suggested by Hawkins et al. (2010).

The similarity of this approach to Ludwig et al. (1998) is that in both cases flow lines are followed and every x
meters (in the LFA approach) or every cell (in our approach) the vegetation-landuse in LFA approach, CN-values
based on vegetation-landuse (and NDVI variation within each landuse) in our approach, are defined. Eq.4
summarizes mathematically our approach.

This approach allows us to calculate daily runoff at each cell within our catchment. Furthermore, we can also
calculate the amount of water infiltrated in each cell. This is important for calculating local water availability as water
stored into the soil and available to plants: while at the divide? the amount of water infiltration is a fraction of rainfall,
in some downslope cells the amount of water infiltration can be higher than the amount received as rainfall because
of runoff harvesting. Knowing how water is distributed in the catchment can help in managing habitat patches
especially where water is a limiting factor, either because of scarcity or because of abundance. This also
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represents a significant methodological advance in respect to what can be obtained adopting the standard use of
CN.

Then we proceeded to attribute a CN-values to the pixels attributed to roads. The roads, especially after the DTM
treatment described before while presenting r.sim.road, need their own CN values which cannot depend only on
the particular road characteristics such as dirt road or paved road, because there are 3 cells involved and for
narrow roads and large pixels sides the road does not even fill one full cell. So the value for the three cells is
derived from the weighted average of the CNs of the land use at one side of the road, the land use at the other
side and the CN of the road itself. The size of the road versus the size of the three pixels provides the weighing
factor used for calculating the average CN. In order to compute the weighted average automatically, roads are
subdivided into 5 categories: field tracks (narrow, more or less at the same elevation of the surrounding terrain, dirt
roads), municipal roads (larger than field tracks, but still narrow, usually paved), provincial roads (intermediate
size, about 10m large, paved and with ditches), national roads (15 m large, paved, with ditches), highways (20-30m
large: to be checked whether the DTM has already made them visible).

Figure 1.2 While in cell A only rainfall is the input, cell B receives both rain and runoff. CN method uses an average
CN for the whole basin, our model uses different CN-values at each cell. Each cell then receive both runoff and rain
and uses both to calculate what is exported as runoff towards the downslope cell.

In order to evaluate the degree of reliability of the model, we compared it with simulations made using the
EUROSEM2013 model which is an event model derived from KINEROS 1 and developed through a group of
European funded projects (EUROSEM, SPIE, MWISED, RECONDES, DESIRE), which is still used today and kept
updated: it is presently undergoing a further development to include hydrophobic behaviour and gully generation.
The comparison between the two models is still ongoing.

Ephemeral gully generation is an important part to address for a proper landscape management because the
rainfall in which gully are generated produces high amount of sediment and modify runoff concentration time which
is critical for peak runoff. The presence of a gully also changes the pattern of infiltration and may sever areas from
runoff harvesting. Areas where ephemeral gullies tend to form are ideal to be used as grassed waterways,
increasing the protected corridors between patches of protected areas.

3.3 A theoretical approach to describe gully head development by runoff

In the 1970s, Patton and Schumm (1975) and Begin and Schumm (1979) began modelling gully erosion as a
threshold process, and suggested that an equation defining such threshold could be derived from the fact that
concentrated overland flow should produce flow shear stresses in excess of a critical value to erode a gully
channel. This approach was further developed by Montgomery and Dietrich (1994). The starting point is that the
flow shear stress produced by runoff must exceed a threshold soil shear resistance. This leads to the following
inequality:
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sAb,>,k or s>kA P (®)

Figure 1.3 shows example of trends between catchment area upslope of the gully head and the slope (sinus)
around the gully head (based on a literature survey). The threshold for gully head to develop is the one reported in
Figure 1.3. It can be noted that trends are scattered but they develop almost parallel to each other. Hence the
exponent b is a constant (b=0.38). Under these circumstances it is possible to estimate k (i.e. the value of slope
when the area of the catchment above the gully-head is 1 ha): Torri and Poesen (2013, submitted) shows that k
depends linearly on the storage parameter of the runoff CN method. Hence, we modified equation (5) into equation
(6), where vy is the local gradient and A is the area of the upslope catchment draining into the gully head while S g5
is calculated from CN through equations 2 and 3:

sin(y)=0.73ce’ <(0.00124 S, ,s—0.037| 4" ®)
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Figure 1.3 Relationship between local gradient nearby the gully head and the catchment area draining into the gully
head. Data comes from the following papers: Vandekerckhove et al. (2000), Wu and Chen (2005), Patton and
Schum (1975), Menendez-Duarte et al. (2007).

The model here described (LANDPLANER) is based on the above described background and original
developments. It can be used for scenario analysis to decide how to deal with pressure derived from water and
sediment requirement and control. It is a tool to examine water and sediment fluxes, their connectivity and their
interaction with the general land management.

3.4  LANDPLANER description

LANDPLANER (Landscape, Plants, Landslide and Erosion) is a model designed to describe the dynamic response
of slopes (or basins) under different changing scenarios. Scenarios include: (i) changes of meteorological factors
(i.e. rainfall) or more generally of climatic conditions, (ii) changes of vegetation or land-use, (iii) changes of slope
morphology (e.g. close to roads). Both natural and anthropic changes scenarios can be analysed by the model.

The input data (maps) which are used by the LANDPLANER are:

BIO_SOS FP7-SPACE-2010-1 GA 263435 Page 12 of 36



D6.5 Report on habitat state

DTM

modification of DTM in order to describe the road effects
flow direction

flow accumulation

sinks

soil (or lithology) map

landuse

derived map of CN and a map of soil resistance

map(s) of precipitation

- - - - -

Table 1.1 List of the variables with corresponding description
Variables Description

Accumulation value (number of cell identifying the upslope contributing
area draining in each cell)

Horizontal acceptance of the horizon xxx
Vertical acceptance of the horizon xxx

Basin codes (integer number identifying pixels pertaining to the same
hydrological basin)

Drainage direction (calculated with Single Flow Direction or D8 method)
Depositions index (given by the difference between epot and €)
Erosion index (expressing the expected erosion impact)

Excess water of the horizon xxx (excess of water in a cell that exceed
the total cell storage)

Horizontal excess water of the horizon xxx (excess of water in a cell that
exceed horizontal acceptance)

Vertical excess water of the horizon xxx (excess of water in a cell that
exceed vertical acceptance)

Cells where deposition expected (0 or 1 derived from topographic
threshold, Erosion Deposition Points)

Erosion index (exiting from each cell)
Potential erosion index (in each cell)

Cells where erosion is expected (0 or 1 derived from topographic
threshold, Erosion Starting Points)

Surface water infiltrating in each cell
Total runoff (in each cell)

Total runoff of the horizon xxx (water exiting from each cell of the
horizon)

Normalized runoff (given by the ratio between qd and the contributing
area)

Total runoff (exiting from each cell)
Index of column of destination cell (derived from drainage direction )
Index of rows of destination cell (derived from drainage direction )

Residual flux below the deepest soil horizon (bidimensional infiltration
model)

Residual flux below the deepest soil horizon (unidimensional infiltration
model)
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sl_dp.asc Slope difference between origin and destination cell (used in calculation
of edp)

stor_hor_xxx.asc Total water storage of the horizon xxx

stor_hor_in_xxx.asc Initial water storage of the horizon xxx

stor_hor_pot_mac_xxx.asc Macro-porosity water storage of the horizon xxx

stor_hor_pot_mic_xxx.asc Micro-porosity water storage of the horizon xxx

LANDPLANER outputs consist of maps in ascii format relative to the different hydro-geological, hydrological,
geomorphological, land-use and vegetation variables. Outputs can be relative to the surface or to different soil
horizon denoted with “hor”. Since the model can deal with different soil horizons, the outputs of the infiltration model
are denoted with the suffix xxx representing the different horizon considered in the analysis.

The most important LANDPLANER outputs are:

A runoff map (litre in each pixel) and runoff intensity map (mm per pixel, which represent the mm of runoff
intensity averaged over the catchment area drained at the pixel)

A infiltrated water map (mm infiltrated in each pixel)

A erosion/deposition map (total and mass per unit of surface)

items 1 and 2 are already values while items 3 necessitate of a validation and a scaling which will be done using
simulation with the EUROSEM2013 model which is an event model derived from KINEROS | and developed
through manyzEuropean funded projects (EUROSEM, SPIE, MWISED, RECONDES, DESIRE) presently
undergoing a further development to include properly hydrophobic behaviour and gull generation.

Still to be added to the erosion part is the generation of ephemeral gullies in cropland and in degraded rangeland.
The equations to put into the model are ready but still not fully implemented.

3.5 Examples of scenario analyses

At present LANDPLANER can be used in scenario analyses. For this we have chosen the catchment of the karst
sink “pulo di Altamura” in the Murgea Alta test site. The following is shown with particular reference to infiltration,
runoff, and a hypothesis of improved “pulo” protection. This is only an exercise and does not necessarily describe
the real conditions at the pulo because input data need some further field evaluations and tuning. We have built
one scenario based on the actual spatial distribution of land uses and tested it under autumn and spring
conditions. Then, we have changed land use in an small area around the pulo, as if to protect it from pollutants
carried by runoff from agricultural fields. Just to stress the situation we have supposed a broadleaved wood with a
rich bush undergrowth. This guarantees a decereased runoff and an intense sedimentation before water can reach
the pulo. It also causes runon to be largely infiltrated. Infiltration water will eventually reach the water table after
having left most of the pollutants in the soil-rocks during the slow motion downward. If the scenario is compared
with another scenario based on a different type of vegetation, it will further enable assessment of the minimum
effort required for maximum (or sufficient) returns. Then we have also examned another scenario where we
simulated after-fire condition on an internal slope of the pulo.
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Figure 1.4: some input map of LANDPLANER: a) DTM, b) Land use , ¢) Roads, d) slope; e) drainage directions
(D8); and f) flow accumulation.
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Figure l.4e shows the flow accumulation in presence of roads. Figure 1.5 shows the differences that can be
observed with and without the use of r.sim.road, which introduces the effect of roads on flow direction.

. Modification of flow
accumulation pattern due to
roads: equal color ellipses show
examples

Flow accumulation
modified by roads

Flow accumulation
based
on gravity alone

Figure I.5: Flow accumulation is re-directed by roads: this can have positive as well as negative effects: where
concentration is enhanced there are larger porbability that a gully develop; where runoff is captured and diverted
can cause local plant damage due to lack of water availability in the soil.

The example discussed here also shows that the combined effect of a coarse DTM and of any modification (such
as the one by r.sim.road) can cause an unrealistic road effect as indicated in Figure I.6.

An artefact is
produced by
summing errors
in locating the
road and
calulating local
slope gradient in
a 8m DEM: this
makes the
r.sim.road to dig
aroad on a slope
instead of
making a dam-
road on the flat
area bordering
the karst sink .

The coarseness of the most common DTM cause errors and lack
of accuracy. Hence simulation data cannot be considered as
absolute values: so ho predictions.

Scenario analyses, which are relative comparison, are reliable
in their general aspect

Figure 1.6: example of mismatch between representation and reality: the road runs only in flat area surrouding the
pulo.

An example of CN map, representing a springtime situation is shown in Figure 1.7. Here CN values are constant
inside each landuse: the spatial differences that can be visualized using NDVI have not been calculated.
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Figure 1.7: Curve number distribution around the pulo: CN increases from blue to red. Roads and farms are visible
for their red colour.

Now a map of daily precipitation can be fed to LANDPLANER. At present we are still working out bugs which can
be detected more easily if rainfall spatial distribution does not add further sources of variation. So only single values
of daily rainfall are fed to the model. If we use a daily runoff corresponding to a rare event (80mm) we obtain the
runoff map shown in Figure 1.8 (autumn conditions). If we want to understand differences of runoff distribution in
spring and autumn a difference map can be calculated for the same rainfall amount for the two situations. An
example of such a map is shown in Figure 1.9. It is interesting to note that in our approximate representation the
amount of water reaching the pulo directly as surface runoff is not substantially different in the two seasons, which
is partly due to the fact that we did not change vegetation characteristics between autumn and spring inside the
pulo. This also partly depends on the relative isolation of the pulo from the surrounding area, as most of the
overland flow water infiltration takes place scloser to the pulo lowland.

In order to examine the extent to which the pulo is isolated from external overland flow, we can decrease the CN of
the area around the pulo, e.g. transforming the grassland into a wooded area as indicated in Figure 1.10a (electric
blue in the small frame showing decreased CN-value). Figure 1.10b is the difference between the spring runoff map
and the modified-CN runoff. The area inside the pulo is filled with zero-runoff values. The increase in isolation has
not caused any change in the area encircled by it, confirming the lack of connection of the pulo to surrounding
runoff source areas.
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Figure 1.8 Runoff map for an autumn rain of 80 mm in a day.

Figure 1.9 Runoff differences between two 80mm daily rainfall in autumn and spring. Red cell indicates a larger
autumn runoff exceeding spring runoff of up to 250 I. Pale cyan, as inside the pulo, is an almost zero value

b)

Figure 1.10 a) The runoff map (80 mm, spring rainfall) shows that runoff values where the arrow points are very
low, supporting overland flow disconnection (the small frame in the upper right corner shows in blue the area of
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changed CN); b) the map showing the differences in runoff between the spring original and modified scenario
clearly shows that runoff inside the pulo does not change increasing the pulo isolation (the azure colour inside the
pulo indicate zero change).

Effects of destructive event such as a fire inside the pulo, with burning on the northern slope, shows that the same 80mm event
can become quite damaging inside if it occurs after the fire (mainly with no smaller rainfall in between to reduce acquired
hydrorepellency). This highlights the risk of losing soil cover and damaging the seed bank, thereby reducing the chances of
vegetation recovery (Figure 1.11).

a) b)

Figure .11 a) Differences in runoff due to a fire in the northern slope of the pulo; b) difference in erosion. The blu
(a) and grey (b) colored part indicates no variation between the two scenarios. In both cases red indicates
maximum difference.

3.6 Part I. Conclusions

LANDPLANER is part of EODHAM in which it can be better integrated or otherwise left independent following what
will be considered the best solution. This model requires inputs which are produced and handled by EODHAM,
hence it can run downstream most of the EODHAM products. Hence reference simulations can run on an updated
landscape and evidence the presence of changes from which an educated user can deduce whether some of the
pressures on the protected sites are increasing.

It cannot be used by non-specialists yet as it needs a simplified procedure and a user manual. It can be used in
scenarios more complicated than the ones here discussed. It can also help to better understand the impact of
various landscape elements, such as the stone walls that subdivide fields and pastures in many part of Europe, on
hydrology and landscape health, provided that good and usable maps of these structures exist. Hence,
LANDPLANER is an instrument for assessing the effects of planned actions on water and sediment distribution in
the landscape and for deciding the effect that potential management responses and actions could produce.
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4. Part Il. Metapopulation dynamics: the effect of corridor size in spatially
explicit/implicit models

Among the many and different ecological landscape maodifications induced by human pressures, habitat
fragmentation and its effect on biodiversity has a major role in landscape modeling. In order to study how this
spatial process affects cyclic population dynamics, explicit metapopulation models described by reaction-diffusion
partial differential equations are here considered. Indeed, implicit metapopulation models described by ordinary
differential equations, having no spatial dimension, cannot take into account landscape features such as size and
heterogeneity of the domains, as well as migration corridor sizes. However, spatially explicit models which show
the importance of landscape context in metapopulation dynamics, are computationally heavy and do not allow any
theoretical study of the solution behavior. In this paper we focus on the effects of migration corridor size reduction
on cyclic population dynamics by means of classical spatially explicit models and we propose new spatially implicit
ones which inherit the information of spatial explicit models from which they are deduced. A numerical comparison
between the two approaches confirms that the proposed implicit model captures the qualitative features of the
explicit one and may reveal as an effective tool for a further theoretical analysis able to provide some predictive
biological information. Finally, a comparison among the answers of four classical models found in the literature to
both patches and corridor entrance size variations show that, for given values of the parameters, different dynamics
may arise: this suggests that the correct choice of the model as well as the estimation of its parameters will be
crucial for a realistic modeling study of predator-prey pairs

4.1 Background

The ecological effects of human activities induce different changes in natural habitats. Habitat fragmentation is one
of the classical consequences of human population growth: indeed, given human population activities and urban
sprawl, habitats are often fragmented into patches connected via migration corridors set in non habitat portions of
the landscape (Fahrig, 2003). For cyclic predator-prey population dynamics, on which we focus our attention,
experimental and theoretical results suggest that the subdivision of the same amount of habitat into smaller pieces
may also provide positive effects on their stability (Huffaker 1958, Baggio et al. 2011); however the increasing
reduction of the size of migration corridors abates the number of the individuals that are able to migrate from a
patch to another and species are confined in more and more isolated patches. When increasing fragmentation
produces patches too small to sustain local populations, the worst consequence of the reduction of the size of
migration corridor is the extinction of the species. This motives us to consider the effects of such reduction on the
permanence or the extinction of cyclic populations living in a fragmented habitat, such as the wolf - wild boar pair
which populates the italian Alta Murgia Natura 2000 site, whose extension and vegetation type is not suited for
hosting a viable and stable population of predators. Any conservation policy for similar cases has to be established
at a metapopulation level. This area is currently being studied and used as a test site in BIO_SOS.

"

Metapopulation dynamics, i.e. the dynamics of a " population of populations” (Levins 1969), represent an effective
tool for investigating the dispersal of species population in fragmented habitat. As concerns ecological cyclic
processes, starting with the Jansen's paper (Jansen 2001), mathematical models describing dynamics in patchy
landscapes are generally spatially implicit, meaning that they have no spatial dimension and all patches are
accessible via dimensionless corridors. As a consequence, the models are described by means of ordinary
differential equations coupled through diffusion coefficients that model the migration of species from a patch to
another. Lotka-Volterra (LV) systems (Okubo and Levin 2001) as well as its modifications like Rosenzweig-
MacArtur (RM) (Rosenzweig and MacArthur 1963), May (May 1974) and Variable Territory (VT) (Turchin and Batzli
2001) are the most widely used differential equations considered in this context.

However, in recent years, the consideration of spatial processes in ecological systems has been growing and
spatially explicit modeling has revealed to be more effective for the ecological understanding of such kind of
phenomena (Conroy et al. 1995, Dunning et al. 1996, South 1999, Turner at al. 1995).

As concerns cyclic population dynamics, a numerical study provided (Strohm and Tyson 2001) investigates the
effects of habitat fragmentation through spatially explicit models i.e. models which take into account the spatial
dimension. In that paper the authors define as "bad' patches that parts of the habitat where migration of predator
and prey occurs and prey population cannot grow. The predator and prey migration is modelled through transport
terms acting only in the "bad' patches which are included in two coupled diffusive PDE equations that describe the
population dynamics in the whole domain Q (see the illustrative example in Figure 11.1). Consequently, the authors
depart from a metapopulation dynamics approach where the domain Q is considered as fragmented in more
smaller domains Q; (that correspond to the “good patches' of the previous approach) and migration corridors are set
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in non habitat portions of the landscape i.e. outside the domains Q;. In this case two coupled reaction-diffusion
equations describe the dynamics in each domain Q; and they are linked by migration diffusion terms occurring only
at corridor entrance positions (see Figure I.2). In this framework, some numerical results based on a two-
dimensional spatially extended predator-prey model can be found in Garvie and Golinski 2010.

Q

Good patch

Good patch

Good patch

Good patch

patch

Figure 1.1 An illustration of a generic five ‘good patches' two-dimensional single-population spatially explicit model;
migration occurs in the habitat’s bad patch inside the domain Q towards good patches (for details see Strohm and
Tyson 2001).

Unfortunately, the integration of the spatial dimension is difficult and expensive both practically to parametrize
spatially-explicit models (Urban and Keitt 2001) and numerically to provide accurate solutions (Garvie and Golinski
2010). Furthermore, it leads sometimes to qualitatively similar predictions found by alternative approaches as, for
example, the graph theory which has minimal data requirements and efficient algorithms (Baggio et al. 2011,
Urban and Keitt 2001). As concerns cyclic population dynamics, by reducing spatially explicit models into spatially
implicit equivalent ones it is possible to capture the main features of the spatially explicit models and use standard
mathematical tools to study the solution behaviour (Strohm and Tyson 2011).

By following a metapopulation approach similar to the one provided in (Garvie and Golinski 2010), we firstly
numerically investigate the answer of the spatially explicit reaction-diffusion RM model to the variation of corridor
entrance size; the results are then compared with the ones provided by a new reduced implicit model where the
spatial dependence is taken into account via relationships which link growth and death rates of prey and predators
with the sizes of each patch and of the corridor entrances.

In so doing, we were motivated by the results in (Strohm and Tyson 2011); indeed the implicit model, described by
ordinary differential equations, may reveal an effective tool for a theoretical investigation of the effects of both the
reduction of patches and migration corridor entrance sizes that is the aspect of the fragmentation process on which
this paper is focused. Finally, for supporting the choice among the different models given in the literature for
simulations of the predator-prey dynamics populating ""Natura 2000 " sites of interest for the BIO_SOS project, a
preliminary numerical comparison among the different answers obtained by considering different models to the
corridor entrance size variation is also provided.
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Figure 1.2 An illustration of a generic five-domains two-dimensional metapopulation spatially explicit model;
migration occurs through corridor entrances C;=C; in non habitat part outside the domains Q;, i,j=1,...5.

4.2 The spatially explicit model

In this section we introduce the most general metapopulation model as composed of N patches where the
movement of each prey-predator subpopulation is modeled by a random Ficktian diffusion and a reaction term:

N
on;
a_tl = Di(n)Ani +f(nip) + z W'i,(}l) (x)(nj - ni)
=1
. (1)
i _ @ ®
Pt D;7 Ap; + g(ny,py) + Z W, ) (pj — 1)

j=1
fori =1,...,N where n; = n;(x,t) and p; = p;(x,t) represent the concentrations of prey and predator population at
2
each time t and position x within the patch Q; c R™, (1 <m < 3), then 4= Z}"zl;? is the Laplacian operator,
j

Di("), Di(”) are the diffusivity coefficients for prey and predator in every patch ;. The matrices WL._(}” (x) and Wl.’(]?’)(x)
are assumed to be symmetric and their entries represent the migration rates between patches Q; and (; for prey
and predator, respectively, at position x. We assume that migration occurs only at given positions in the patch
which correspond to corridor entrances, and that the corridors have no physical length. By defining as C;; the
entrance of the corridor connecting Q; to Q;, we have that C; ; = C;; and C;; € Q; 0 Q;.

Moreover, we suppose migration rates are constant values in each corridor, i.e. Vl/i‘(;l)(x) = wi(,;.l)(x) and VI/'L._(]-p)(x) =
wl.(j.’) (x) for every x € C; ; , with wi(j.’) x), wi(;.‘) (x) > 0, otherwise Wi‘(j”) x) = Wi‘(}’)(x) =0.

The general form of the reaction terms is

f,p) = nH@m) —p F(n)
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%)
gn,p) = pGm) —pL(np)

where the function H(n) is the intrinsic growth rate of prey, F(n) gives the functional response of prey to predator,
G(n) is the prey-dependent growth rate of the predator and L(n,p) represents the prey-dependent functional
response of predator to the prey. As in Cosner et al. 1996 and Enright 1976 the reaction terms f(n,p) and g(n,p)
of LV, RM, May and VT models have different forms for growth according to the following table:

Table I.1 Model functions for the general model

System (1) is completed with suitable initial conditions n;(x,0) = n;(x) and p;(x,0) = p;p(x) for xe€Q; and
homogeneous Neumann boundary conditions %(x, t) = %(x, t) =0 for (x,t) € 0Q; Xx R where v, is the outward
i 13

normal vector to the boundary Q; i = 1, ..., N. The choice of zero-flux boundary conditions means that the species
cannot leave their patches, except via migration. An illustration of the model for N = 5 is given in Figure II.2.

The case of a two-patch metapopulation evolving in a two-dimensional space with functions f and g from the RM
model and a circular corridor entrance of fixed size was considered in Garvie and Golinski 2010 (see Figure 11.3).

Figure 11.3 An illustration of the two-patches two-dimensional metapopulation model with fixed corridor entrance as
considered in Garvie and Golinski 2010
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Figure 1.4 An illustration of the one-dimensional metapopulation model with two patches 0,2, and variable
corridor entrance size L.

In this paper we restrict our analysis to the two-patch one-dimensional case where the corridor entrances are
segments (see Figure 11.4). For our purpose we evaluate the change in the dynamics with respect to the length L of
the corridor entrance, taken as a parameter. In more detail, let M, and M, be the length of the two patches we are
considering, then we set C,, =Cy; =[0,L] € Q; = [-bi,b}] where b! and bi depend on L according to
bi = (M;—L)/s, bi=((s—1M;+L)/s,i=1,2.Hence, while the domain sizes M, and M, of both patches are
kept constant, the entrance size L of the corridors varies from 0 to M = min M;, M,. Of course, in correspondence
with L = 0 there is no migration and the metapopulation decouples in two separate predator-prey systems. For
L =M all positions, at least in one of the two patches, correspond to entrance positions of the corridor.

The model is described as follows

on,

= DV Any + £, p) + WG () (ny — my)

M2 _ pwp @

9t P2 A + f(ny, p2) + Wy (x)(ny — ny)

; ©)
D1

= = D70py + g, po) + WD (P2 — pa)

ap

7 =DV Bpz + g(ny,p) + WY (1~ p2)

where again n; and p; are the population concentrations of prey and predators at any time t and position x within
the two patches —b;, b5 c R, i =1,2.

4.3 Thereduced spatially implicit model

In Strohm and Tyson 2011 the authors considered a spatially implicit model that was able to give results similar to
the ones provided by the spatially explicit models introduced in Strohm and Tyson 2001.

We follow the same steps in order to deduce systems of ordinary differential equations able to mimic the behaviour
of (3).

In order to get the desired model simplification the authors assumed a prey population evolving according to the LV
model in a one-dimensional patch Q = —b;, b5 of length M, with homogeneous Dirichlet boundary conditions
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n(—b,,t) = n(b,, t) = 0, in absence of predators. In their frame no migration is accounted for. The equation thus
simplifies as follows
on 0*n

rri D(")a—+f(n1,p1) +1rn

and it is solved by the method of Fourier series (see e.g. Haberman). The solution is then dominated by the first
eigenvalue A =r— D (n/M)Z, which can be used to discriminate between an exponential growth (1 > 0) and an
exponential decay (1 < 0) of the prey population. The solution corresponding to the first (principal) eigenvalue can
be seen as the exact solution of a ODE

(ji—rtl =(r-p™ (T[/M)Z) n

with a modified growth rate of the prey which depends on the size of the patch and on the diffusion coefficient
D™ according to the relation

ry =1 — DM (1/M)*

Following the same reasoning, in the absence of prey and migration, the predator population would follow the
solution of
dp 0%p

= :D(p)__5
at axz P

Hence, we can define the predator death rate as

Sy = 6 + DD (1/M)?

and, in the case of the May model, the predator growth rate as

sy =s+D® (m/M)*

Biologically, the previous assumptions mean that the carrying capacity for each population is dependent of the size
M of the patch.

As a final result the original spatially explicit dynamics are converted into implicit ones, by retaining the spatial
dependence as patch size dependence for each model parameter.

In the present paper we extend the above approach to the model described in (1) for N patches connected through
migration corridors. The growth rates for prey and predator, as well as the death rate of the predator in each patch
are changed accordingly. Moreover we attempt to incorporate in the migration rates the dependence on the size L
of the corridor.

To this purpose we consider the simplified model

ang _ o w
dt L ox? L
for i,j =12, withi =+ jand x € [0,L] and suppose that homogeneous zero Dirichlet boundary conditions are set.
The idea is to consider the whole domain as a corridor and to focus on the drop in prey due to the outgoing
migration. Hence, we assume that there is no predator in the domain and no contribution comes from the intrinsic
growth rate of the prey or to the incoming migration of the population living in the other patch. By assuming that the

o , . (n)—D(n)(n:/L) :
rate of migration is affected by the first eigenvalue A; e™"ij of the solution

(n) () mmnx
ni(x,t) = ZA P (n/L) 1nT

we obtain the definition of a new migration coefficient dependent on the size L of the corridor entrance:
wiih = wp +D(")(ﬂ/L) L>0, w=0,ij=12 i#j
Similarly, we define

wPh = wP + DP (/L) L>0, WP =0, ij=12, i%]
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Notice that, in the general case, the matrices with entries $w_{i,j}(n,\,L)}$ and $w_{i,j}N(p.\,L)}$ are not
symmetric.

Finally, we provide the following simplified version of the metapopulation model (3)

dn, nl

dr =nHy, (n) —pF(ny) + Wi 2 (n; —ny)

dn, nL

dat = nzHMZ(Th) —p.F(ny) + Wy (n; —ny)

4 (4)
P1

dt =16y, (ny) — PlLMl(nl,PO + WféL(Pz —P1)

dp,

dt = PGy, (n) — P2Lu, (na,p2) + W2p_'1L(p1 —P2)

where, as in Strohm and Tyson 2011, the new functions Hy (n), G,(n), Ly, (n,p) are modified as follows:

Table 1.2 Model functions for the metapopulation model

T cn xen Om
n cn xen Sy
" k d+n d+n
n cn 5 qp
M k d+n n
n cn xen sqp
- é‘ -
" k d+n d+n mt

4.4  The effect of corridor size variation: comparison between explicit and reduced
implicit RM model

We are interested in comparing the influence of reducing the corridor entrance size L on the behaviour of the
solution for both the spatially explicit and reduced implicit models. With this aim we vary the size L from the
maximum between the patch sizes i.e. L,,,,= max{M;, M,} and the minimum value L,,;,= 0 which corresponds to
separated habitats.

We start from the general system (1) with two patches, where we set r; =1, Di(") =1,¢=1k; =1 (i=12) then
we adopt the RM metapopulation model, as in Garvie and Golinski 2010, in order to have

on; n;p;
a_tl =An; +ny (1-n) —— ;_:1 + WP (ny - ny)
L L
®)
a_tl =D ap; + ﬁ — &ip; + V'GF,P)(X)(P;' ~Py)
L L

for i,j =1,2,i#j.
We perform numerical simulations for the solution of this problem in the case of one dimensional patches.

We suppose they have the same dimensions M; = 300 and we set the corridor entrance [0,L] in the center of
both domains i.e. Q; = [(M; —L)/2, (M; +L)/2] ,for i=12. We start from the stationary states for predator
and prey in  Q, and from the stationary state for prey and local extinction of predatorin Q, thatis
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ni(x, O) = 61’ dl/(XL — 61’)' X € ‘Qi' i = 1,2
p1(x,0) =8 x1 (=6 + x1 — di61)/((xi — 6)*) x €

p.(x,0) =0, x€Q,

The values for the parameters are chosen as follows di=1/5 =1, 6,=1/2, Dl(”) =1 ,and d,=
2/5, x2=2, 6,=13/5 DP =1.

In order to obtain a numerical approximation for the solution, the Matlab pde solver pdepe is exploited: the solver
discretizes the equations with respect to the space and then uses the ode15s matlab routine for stiff ODEs in
order to solve the resulting system. We numerically integrate in the time interval [0, 250] and the solution is
plotted in the interval [200,250], in order to neglect the transient behavior.

In the first simulations we do not consider the prey migration by setting w™ = w 5"2) =w g’? = 0, then we consider

the case w® = wgf’; =w ;pl) = 1. We find that for L > 0 prey and predator spread rapidly throughout the two
patches and new dynamics arise; however in the corridor positions prey and predator tend to new equilibria that
they reach when the corridor overlaps the whole domain. These approximate equilibrium values are given by
n, = 0.7347 1le — 8, p; = 0.3301, n, = 0.3306, p, = 0.4891. In Figure I.5 we plot the results obtained in
correspondence with L = 10,150,200,300. In Figure 11.6 the same test is done by setting w® =1e—6.

Figure 1.5 Spatially explicit RM model: prey-predator dynamics in time interval  [200, 250] with  w?{(n)} =0
and wM(p)} = 1.

We repeat the same tests with the reduced version of the RM model (5). We slowly vary the size of the corridor
and we find that the qualitative behaviour of the implicit model dynamics is approximately the same as the spatially
explicit one. For w® =0 and w® = 1, new dynamics arise in correspondence with intermediate values of the
corridor size and then new equilibria are reached as it is evident in Figure 1.7 on the top (the equilibria values are
given by n; = 6.1464e — 005, p; = 0.3249, n, = 0.3500, p, = 0.4873). The results shown in Figure 1.7, on the
bottom, are obtained by setting w(® = 1e — 6 and confirm the behavior of the predator-prey population predicted
by the spatially explicit model: as soon as the size of the corridor is strictly positive we observe the prey-predator
dynamics spreads in both patches till the prey-predator populations reach limit cycles when the corridor takes the
same size of the domain.
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10 L=300 N 0 L <300

Figure 11.6 Spatially explicit RM model: prey-predator dynamics in time interval [200, 250] with w™ =0 and
w® = 1e — 6.

20

400

Figure 1.7 Reduced implicit RM model: prey-predator dynamics in time interval [200,250] with w® =0, w® =
1 on the top and w® = 1e — 6 on the bottom.

45 The effect of corridor size variation: comparison among different reduced implicit
models

By means of the reduced implicit models we numerically investigate the change in the cyclic population dynamics
as a function of the variation of both the domain size M; and the corridor length L. The general model (1) has
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been considered with the four different expressions of the reaction terms. The parameters of the model
corresponding to the two patches at hand are given in Tables 1.3 and 1.4

Table 1.3 Parameters values related to patch 2,

r c X é d S o} k
0.75 122 0.00197 0.85
1.75 505 03 08 212 8
2.1 800 0.004 24 1.5 11
1.75 800 0.004 24 0.8 212 8

Table 1.4 Parameters values related to patch 02,

r c X 1) d S q k
1 120 0.002 1
2 400 0.1 1 100 10
3 750 0.004 3 1 10.5
2 750 0.004 2.1 1 200 10

We start with initial conditions n,(0) = 7, n,(0) =3, p;(0) = 0.01, for i = 1,2. In the first test two domains of the
same size M; = 50 are considered with diffusive coefficients given by DL.(”) =1.5and Di(”) =2, i=12. Inorderto
compare the results provided by the four different approaches, we measure the average population density and
population cycle amplitude in both patches. As in Strohm and Tyson 2011, the average density is obtained by
averaging the maximum and the minimum population densities, then the cycle amplitude is evaluated by taking the
difference between the maximum and the minimum densities. The obtained results are shown in Figures 1.8 and
1.9 for migration rates w™ = w® = 1, We observe that prey and predator populations, for every L >0 spread
throughout the two domains and synchronize their respective orbits. If we repeat the same test with different
domain size we obtain similar results. By setting w™ = w® = 1e — 6, we obtain the results shown in Figures
[1.10 and I1.11: we notice that now the corridor size has a major effect on the dynamics. Indeed, for small values of
corridor sizes we have huge values of migration rates and prey and predators immediately show dynamics similar
to the one obtained in the first test. However, for increasing values of L the migration rates decrease fast
converging to the constant value 1e — 6. In correspondence with these values of migration rates new dynamics
may appear accordingly with the maximum size of the corridor and, in turns, with the maximum size of the smallest
domain. Indeed, if we repeat the same test for two domains of different size, M, =50 and M, =5, we have the
results provided in Figures 11.12 and 11.13.
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Figure 1.8 Spatially explicit model: prey-predator dynamics w.r.t. corridor size 0<L < M; =M, =50 with
w® =0and w® =1,
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Figure 1.9 Spatially explicit model: prey-predator average and amplitude w.r.t. corridor size 0<L < M; =M, =
50 with w™ =0 and w® = 1. LV model: dotted line, May model: dash-dotted line, RM model: dashed line, VT
model: solid line
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Figure 11.10 Spatially explicit model: prey-predator dynamics w.r.t. corridor size

w® =0and w® = 1e — 6.

Average prey n ’

NETENRLEAN

50
Amplitude predator P,

D

05f 1,

0 . ETERRL AL
0 50

= YR R RN

Figure 11.11 Spatially explicit model: prey-predator average and amplitude w.r.t. corridor 0 <L < M; = M, =50
with w™ = 0 and w® = 1e — 6. LV model: dotted line, May model: dash-dotted line, RM model: dashed line, VT

model: solid line.
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Figure 11.12 Spatially explicit model: prey-predator dynamics w.r.t. corridor size 0 <L < M, =5 with w® =0
and w® = 1e — 6.
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Figure 11.13 Spatially explicit model: prey-predator average and amplitude w.r.t. corridor size 0 <L < M, =5 with

w® =0 and w® =1e —6. LV model: dotted line, May model: dash-dotted line, RM model: dashed line, VT
model: solid line
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4.6 Part Il. Conclusions and recommendations

The analysis of spatial processes in ecological systems allows us to set up theoretical models which may provide
results closer to the real investigated phenomena.

Indeed, merely focusing on individual patches would not give a sufficient idea of resilience or threat at the
metapopulation level. This approach provides a way to go beyond this limitation especially when the extension of
singular patches is not suited for hosting a viable and stable population of predators, as it is the case of the
BIO_SOS Alta Murgia study site.

The domain and the corridor size are fundamental in order to study the effect of habitat fragmentation on
population dynamics; indeed as well as in too small patches the population cannot survive, and similarly in too
small corridors the migration is reduced and new dynamics arise. In this paper, a first numerical investigation about
the effect of the reduction of the corridor size in metapopulation cyclic dynamic has been provided. By focusing on
the one dimensional two-patch case, we performed some numerical test on the spatially explicit model introduced
in Garvie and Golinski 2010; thus, by following the approach proposed in Strohm and Tyson 2011, we proposed a
reduced spatially implicit model where the size of both the domain and the corridor are taken into account by
means of nonlinear relationships that interlace growth and migration rates with diffusive coefficients which define
the spatially explicit model. Our results confirm that the proposed implicit model reproduces well the qualitative
behavior of the related spatially explicit one. Finally, the effect of corridor size variation in two-patches with different
domain dimensions is also investigated: we compared four classical models found in literature and, as a result, we
found that variation of the corridor size may affect the dynamics for given parameters values. All the results are
obtained by means of standard numerical tools implemented in Matlab routines. Future work will deal with ad hoc
numerical techniques which are able to face the problem with two-dimensional patches, whose numerical
simulation is very expensive, with the aim of verifying the results we have just obtained in one-dimension two-patch
systems.
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5. Appendix

5.1 Appendix 1: Acronym list

DESIRE Desertification mitigation and remediation of land — a global approach for local solutions
DTM Digital Terrain Model

EO Earth Observation

EUROSEM  European Soil Erosion Model

Grass Geographic Resources Analysis Support System

HR High Resolution

LANDPLANER Landscape, Plants, Landslide and Erosion Model

LC Land Cover

LC/LU Land cover / land use

LCC Land Cover Change

MWISED Modelling Within Storm Erosion Dynamics
NRCS Runoff Curve Number method
RECONDES Conditions for Restoration and Mitigation of Desertified Areas Using Vegetation

SDMs Species distribution models
SPEC Species of European Conservation Concern
VHR Very High spatial Resolution
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