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The working title of APoLUS until June 2015 was PLUS4-CMP.
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1.

Introduction

In WP3, regional stakeholder groups from two European countries, Spain and the Netherlands, were
involved in the development of a land-use decision support model initially known as PLUS4-CMP,
renamed APoLUS (Actor, Policy and Land Use Simulator) in June 2014. The purpose of APoLUS is to
simulate future land use configurations under different renewable energy policy scenarios to help
understand how EU Low Carbon Road Map objectives can realistically be achieved.
The model links the spatially explicit geographical model of White and collaborators (e.g. White and
Englelen 1993, White et al 2000), with policy implementation theory (e.g. De Boer and Bressers 2011)
and sociological approaches (e.g. McIntyre 2008) aimed at widening participation in environmental
decision-making.
Parametrization and calibration of the model were carried out in close consultation with stakeholders in
Overijssel, Netherlands and Navarre, Spain. The calibrated model can be used to explore the future
spatial configuration of the territory under different implementation scenarios, e.g. flexible bottom-up
approaches which allow local-based responses to climate change to emerge, or more tightly controlled
centrally planned initiatives which may be vulnerable to global shocks. Each of these scenarios can be
explored together with the stakeholder communities in order to identify possible solutions to the
problems of renewable energy implementation previously identified earlier in the participatory process.
Initially, a pilot model was built using the commercial Geonamica software suite developed by the
Research Institute for Knowledge Systems (RIKS), which allowed the main modelling challenges to be
identified and some preliminary conclusions to be drawn about the possible spatial distribution of land
use associated with renewable energy developments. The pilot model was then discussed with
stakeholders as part of a "problem-framing" workshop held in Navarre, Spain. The results of this
workshop can be found in de Boer et al. 2014 (deliverable 3.4 - "Stakeholder input and feedback on
model development of PLUS4-CMP").
For the main model, in accordance with the COMPLEX document of work (p.108), which states that:
"[work packages] will look to incorporate open-source software in their modelling domains where
possible", model development work was moved to the open source statistical and modelling
environment R, with one processing-heavy routine programmed in C and called from the R program
during runtime. A similar modular structure to that employed by Geonamica was adopted for APoLUS,
with the addition of a further "Actor Dynamics" model block (D) to the standard Neighbourhood (N),
Accessibility (A), Suitability (S) and Zoning (Z) and stochastic parameter (v) model elements.
The APoLUS model, calibrated for the study case of Navarre, together with a user guide, can be
downloaded from https://simlander.wordpress.com/apolus/
2.
APoLUS model conceptual diagram
The conceptual diagram (Figure 1) can be briefly explained as follows. The wider context (extreme
left) within which any modelled process (in this case, the implementation of renewable energy related
land uses) is embedded can be broken down into various key factors, e.g. cultural, technological,
governance related and economic (see section 4 for detailed description of these). In the calibration of
the model, analysis of the historical development of these factors up to the present day is a necessary
first step. This was undertaken for the Spanish case study through rapid appraisal, identification of
case study areas, telephone interviews with key stakeholders (see Deliverable 3.1) and a dedicated
problem-framing workshop (Deliverable 3.4). To use the model to simulate future dates, the wider
context should be developed through narratives (storylines) that can be used to explore a range of
scenarios (see section 13 for a simple case study example). The wider context is the direct causal link
to the present day (or model start time t 1) demand for the process modelled, in this case, renewable
energy. This gives rise to a land use demand, which is likely to be influenced by the specific behaviour
of the key actors. Actor behaviour (box “interaction process”) is defined in the model as the set of 6
characteristics which together comprise the Actor Dynamics (D) (see section 7). The D variable, along
with a group of geographical variables collectively known as NASZCA (see section 5.4) determines the
way in which land use is allocated at each model step over t 1, t2, t3 … tn. This gives rise to land use
changes over time, which modify the demand for renewable energy in each time step until the demand
is complied with. All model operations (inside yellow box entitled “APoLUS”) are of course subject to
boundary constraints which must be defined through model parametrisation activities (e.g. land use

categories or study area limits). Operational constraints are established through calibration and
validation procedures and by the scenarios that the model will be tasked to represent.

Figure 1: APoLUS model conceptual diagram

3.

Model development rationale and programming language

3.1
New approaches to decision support
The 2000's saw a dramatic increase in the development of tools and methodologies for environmental
“decision”, or “policy support” (DSS or POSS), often as direct outputs from large commissioned
research projects. This has not, unfortunately, been accompanied by a systematic process of critical
reflexion about the value and utility of such tools in practice. In fact, DSS/POSS are often developed 1)
without a clear idea of the decisions or policies they are supposed to be supporting 2) without a
detailed understanding of how such support will actually work in practice; 3) without any firm
commitment from either the developer or the prospective end user to follow the implementation of
such tools beyond the fixed term of the project. Though the reasons behind these difficulties are many
and widespread, one way to begin to address them is to adequately engage the anticipated “end
users” in the system development (Hewitt 2014). If relevant stakeholders are involved from the
beginning, at least it will be possible to determine which tools are required by which stakeholders to
support which policies. By involving prospective “end users” in the development of these systems, it is
possible to avoid falling into the trap of treating the decision support process as a technical service
that can be outsourced to a specialist and then delivered to produce “out-of-the-box” solutions.
Human-environment interaction problems, in common with other complex systems, are non-linear,
case-specific and in general not susceptible to a “turn-key itinerary” approach (Barreteau et al 2003).
Development of decision-support software in such a domain should avoid the mistakes of the past and
steer clear of “out-of-the-box” stand-alone toolkits and look to build systems that are modular, free,
easy to use, incorporated into existing systems, multi-platform etc.
3.2
Disadvantages of existing commercial applications.
Given the comments in the previous paragraph, one good way to avoid developing a bespoke toolkit
solution that will inevitably end up gathering dust in drawer is to make use of existing, widely-available
software rather than “reinventing the wheel” developing new applications from scratch. Indeed, a

number of commercial software environments do offer modelling functionality appropriate for many
situations. However, some or all of the following disadvantages are likely to be encountered:
1. High price and/or licensing issues – many knowledge seekers and stakeholders are excluded
2. Stand alone, not incorporated into existing systems
3. GIS operations external to the system
4. Statistical goodness of fit testing external to the system
5. Many systems (SLEUTH, Metronamica, IDRISI Land Change Modeller, LTM, Huang's change
modeller) are Windows only
This tends to lead to “expert”-based policy support that reinforces traditional top-down models of
planning. Only certain kinds of stakeholders can use an expensive stand-alone system or afford to
license an entire GIS suite just to able to use a built-in modelling package. This highlights the clear
need for model applications that permit complete freedom to explore, unrestricted by price or licensing
issues and that run inside an existing and widely used environment, responding to the previously listed
issues. When working with stakeholders, true knowledge-sharing and co-generation can only be
achieved by facilitating access to tools and approaches. In such a context it makes little sense for
model software to be proprietary, closed source, licensed and expensive 2. For this reason, APoLUS is
free, open-source, accessible and multi-platform. It is designed around the existing, popular and wellsupported R software environment.
3.3

Why R?

The R environment has some major advantages, in particular:
1. A wide range of specialist statistical/analytical packages
2. Full GIS functionality (maptools, rgdal, raster, cartography etc and other packages)
3. Flexible command line maths operations without the need to import additional modules (unlike
e.g. java)
4. Ease of data handling (dataframe operations, vectors, matrices etc)
5. A fully-fledged programming environment with typical programming functions (conditions,
loops, scripts)
6. Maps as data and vice versa (raster package).
7. Extensive user support and documentation
There are some disadvantages, for example:
1. Slow operation compared with some languages, e.g. C, fortran
2. Relatively steep learning curve for novice users
3. Poor graphical interface tools (tcltk)
Of these, disadvantage 1 has already been addressed by writing processing-heavy routines, like the
allocator script (loc.alloc.c) in C language, and simply calling these from R during runtime.
Disadvantage 2 has been addressed in two ways, a) by preparing a short course “land use modelling
in R”, to help users overcome the initial difficulties, and b) by developing a comprehensive user guide
explaining the software operation in detail (Appendix 1). As for the third disadvantage, the current
interface is rudimentary but perfectly functional, and adequate for the purposes of this research. This
aspect could potentially be improved by employing a programmer to design a new graphic interface,
building on the work already carried out in tcltk, as a separate dissemination action in the last year of
the project. As an extra not envisaged in the Document of Work, this would require additional funding.
4.
Contextual aspects
Contextual aspects are understood in the APoLUS model as relating to the wider context surrounding
the implementation of renewable energy in a given territory. Specifically (refer to box “wider context”,
Figure 1), the following key aspects should be considered:
4.1

Climate Change Problem
Climate Change can be mitigated by a reduction in the amount of CO2 emitted by the planet.
We have already passed the point where changes can be prevented, and can only be reduced
and adapted to. Many areas are attempting to reduce their carbon outputs by increasing the
percentage of renewable energy used. This can however also be done by reducing energy

There is a clear, but rarely admitted conflict of interest between policies that commercialize software and methods in order to
market innovation and develop business opportunities and policies that promote wider accessibility, knowledge sharing and
inclusiveness in decision making (e.g. citizen observatory initiatives).
2

use, reducing the need for renewable energy and the associated land use impacts. This is a
major driver for the motivations for increasing renewable energy. Additionally, the changing
climate will alter the weather upon which many renewable energies depend.
4.2

Cultural Biases
When assessing the suitability of different types of energy for different areas, it is important
not to forget the cultural biases that may be associated with the changes. Misinformation or
exaggerated results of studies can be widespread through a community and can significantly
impact the feasibility of implementation.

4.3

Technology
Both technological developments and perceptions of technology can be important in
understanding the dynamics of renewable energy deployment. The rate of assimilation of new
technologies by different groups can have a strong impact on the achievement of energy and
carbon goals. Further, the types of technologies that develop in the future can alter the
underlying properties related to land use, suitability, etc.

4.4

Governance Structure
The organization of the various elements of governance that influence renewable energy
development will impact the process itself. Taking the different actors, networks, scales,
levels, resources, responsibilities, problems and goals perceptions into account will enable a
more appropriate assessment of the likelihood and possible outcomes of renewable energy
policy.

4.5

Governance Quality
The way in which the governance structure works towards the successful achievement of
social goals is related to its quality. Assessing the individual elements of governance is not
sufficient in understanding how it will effect the progression of renewable energy development.
To better understand this, we must look at how extensive, coherent, flexible and intense the
governance system is for achieving a particular goal. This will help to understand the
likelihood of various outcomes for different policy scenarios.

4.6

Political System
How much influence the various actors have in the implementation of Renewable Energyrelated Landscape Features (RELF) depends heavily on the political system. The perceptions
of local actors will have less influence in the political system is more technocratic and leaves
little room for public opinion.

4.7

Economic Developments
RELF requires different levels of investment, which are heavily influenced by the economic
environment. More prosperous economic environments can enable quicker development for
RELF that have a high investment barrier. New models for fundraising, sharing costs,
incorporation can also significantly alter the conditions for RELF implementation and diffusion.

5.

How does the model work?

5.1
Cellular Automata (CA) -based land use models
The model employed in this research is a Cellular Automata (CA) based land use model. CA models
integrate mathematical theories of self-reproduction in automata (Von Neumann 1966) and
stochasticity (Ulam 1952) with the 2 dimensional cellular-grid or raster cartographic space familiar to
present-day users of Geographical Information Systems (GIS). The concept of a dynamic
geographical cellular automata was proposed by Tobler (1979) and developed during the 1990's by
researchers interested in modelling urban growth and change (e.g. White and Engelen 1993; Batty
and Xie 1994; Clarke et al 1997; Phipps and Langlois 1997). Well-known examples of CA modelling
frameworks include SLEUTH (Clarke et al 1997), and those of the Metronamica family, e.g. SimLucia
(White et al 2000), Xplorah (Van Delden et al 2008). APoLUS, which emphasises the role of the cell
neighbourhood, is based on the work of White and collaborators (e.g. White and Engelen 1993, White
et al 1997, White et al 2000) and is therefore closely related to the Metronamica model family.
5.2
Bridging CA-based land use models and ABM approaches
Though land use change can in theory be attributed to particular actors, the actors themselves are not
normally directly represented in CA land use models, unlike in Agent Based Models (ABMs) or Multiagent Systems (MAS). CA modelling systems aim to simulate the aggregate behaviour of multiple
change agents by developing land use transition rules and testing these rules against data. By
aggregating behavioural aspects of land change processes and combining this aggregate data with
local information, it is possible to explore land use dynamics of large areas without the need to collect

detailed data on actor behaviour, which may be very time consuming, something that tends to limit the
power and utility of ABMs. However, where land change processes are very strongly actor-driven (e.g
large-scale irrigation schemes or renewable energy implementation, object of the current research),
this approach risks under-representing the role of particular actors, and may be unrealistic. This is
likely to be particularly true across regions, where policy makers may have vastly differing objectives,
or in situations where land changes are strongly emergent and bottom-up. In the APoLUS model, we
move beyond state-of-the-art by seamlessly integrating the fundamental CA model structure with an
actor dynamics approach, which allows us to directly model the way in which the collective behaviour
of a set of actors may directly influence land use outcomes.
In this report, the model is described in detail, and the results of application of the model to the
Spanish region of Navarre, incorporating real data on actor behaviour collected through interviews and
workshop sessions with stakeholders, are presented. These results show how the dynamic interaction
of actors, represented in the model through 5 core variables; motivation (M), cognition, (C), resources
(R), Power (P) and Affinity (A) can be used to improve upon land use simulations produced by
conventional CA-based approaches. We believe that the highly divergent land use configurations
generated by this model are likely to be closer to real-world outcomes than in conventional (non-actor
driven) land use simulation models.
5.3
Modelling land use change
The study of change implies a dynamic approach; i.e. that includes time. If the drivers of land use
change (e.g. road network expansion drives urban sprawl) are known, they can be represented
through simple rules (e.g. new road networks are attractive to new urban land at close distances). By
applying these transition rules to current land use patterns, land use change over time represented by
the sequence T1, T2, T3 ... Tn can be replicated artificially. In this way it may be possible to approximate
future land use configurations. Artificial approximations of (future) land use configurations are known
as simulations. Land use simulations are usually used in conjunction with scenarios, in which
explanatory narratives are developed, often through workshops sessions with stakeholders. This
approach has been formalised by Alcamo (e.g. 2008) as the story-and-simulation approach. A number
of examples of this, and related, approaches incorporating land use models can be found in the
literature (e.g. Volkery et al 2008, Hewitt et al 2014).
5.4
NASZCA
In the model a set of cells are defined, having states (for example, land uses) at a given moment (T n).
Cells are able to transform from one state to another over the course of a time sequence (T 1, T2, T3...
Tn) on the basis of the relationship between their own state and the state of the cells that are
immediately adjacent or in proximity, known as the cell neighbourhood (N). However, the potential of
each cell to transition is not determined exclusively by its neighbourhood, but Accessibility (A), the
influence of lines of communication (e.g. transport, irrigation, electricity network) is also taken into
account. In the same way a cell's transition potential takes into account Suitability (S), the biophysical
eligibility (e.g. rainfall, slope) of each land area to adopt a particular use, and Zoning (Z), the
incorporation of legislative and planning restrictions in place (for example, protected areas, urban
spatial plans). Finally, since human activity in the landscape is not purely deterministic, a stochastic
parameter is added (v). This type of model is referred to as an N,A,S,Z Cellular Automata model or
NASZCA.
5.5
DiNAZCA
Under the COMPLEX project, the NASZCA model, previously only available commercially inside
Metronamica software, has been programmed for the R environment for the reasons explained in
Section 4. However, as detailed in Deliverable 3.4 (de Boer et al 2014), the modelling work developed
by the WP3 team aimed to use the existing modelling framework of White and collaborators as a
springboard for an integrated modelling exercise that would allow important elements not included in
the simple NASZCA framework to be incorporated as desired, most importantly, the detailed actor
behaviour around the implementation of renewable energy-related landscape features (RELF)
obtained through a stakeholder engagement process comprising semi-structured interviews,
workshops and meetings (see Martínez Alonso P, Hewitt R, Pacheco JD, Román L, Hernández
Jiménez V, Bressers H and de Boer C: Losing the roadmap: Renewable energy paralysis in Spain and
its implications for the EU low-carbon economy, under review). The way this information was obtained,
analysed and interpreted so as to be suitable for incorporation in a quantitative model is discussed in
detail in deliverable 3.4 (de Boer et al 2014). The way this information was actually incorporated in
practice is detailed in section 8 of this report (block 2, actor dynamics). APoLUS is not only a
participatory land use model, in which key model building steps are carried out jointly with
stakeholders through a participatory process, rather the behaviour of actors that influence the land
system are explicitly modelled. The key differences between the DiNASZCA approach and a
participatory NASZCA model are summarized in Table 1.

Table 1. Main differences between a traditional NASZCA participatory land use model (e.g.
DUSPANAC) and the APoLUS model.
Standard NASZCA model, case study DiNASZCA application (this report)
example
Name

DUSPANAC model

APoLUS model

Research projects

DUSPANAC, SIGEOMOD 2020

COMPLEX FP7 project

Case study area

Doñana Natural Area, SW Spain

Navarre, Spain and Overijssel, NL

Model
software

type

and Cellular Automata-based land use model Cellular Automata-based land use model (R)
(Metronamica)

Platform

Windows-only

Windows, Linux, Mac (all platforms that support R)

Scenarios

5 future scenarios to 2035 (Eco-Futures)

4 scenarios to 2050 (low-carbon economy)

Stakeholder input

Participatory input to parameterization, Participatory input as DUSPANAC but also around actor
calibration,
scenario
development, dynamics
indicators and model/process evaluation

Modelling
behaviour
Transition
equation

of

actor Actor behaviour implicitly modelled Actor behaviour explicitly modelled through main model
through main model parameters.
parameters and one additional actor dynamics
parameter
potential Transition potential for
calculated for every T by:
TP = N*A*S*Z*v

each

cell Transition potential for each cell calculated for every T
by:
TP = D*N*A*S*Z*v

5.6
The transition potential computation
At the core of the model is the transition potential (TP) computation which determines the future state
(land use) of the cells on the basis of the interaction between the 6 key model drivers, D, N, A, S, Z
and v. The TP computation can be formally described as follows:
Where: tPj,c is the Total Transition Potential:
t

Dj,c is actor Dynamics
Nj,c is the Neighbourhood effect
t
Aj,c is Accessibility
t
Zj,c is Zoning
t
Sj,c is Suitability, then;
t

for land use j in cell c at time t
t
Pj,c = tDj,c . tNj,c . tAj,c . tZj,c . tSj,c . tvj,c
where tvj,c is the stochastic factor, found by:
t
vj,c = (-ln(1-ran))α
where ran is a number from the Uniform distribution in the range 0-1,
and α is the scale of the stochastic effect, where 0 = no effect

[Eqn. 1]

5.7
Model set up decisions
When setting the model up (see user guide), the user needs to make some crucial decisions which
strongly influence the model's outcomes and cannot be determined automatically. For a policyrelevant model, many of these decisions should be made by stakeholders themselves or at least in
consultation with them. Hewitt et al (2014) show how such a model can be developed, working
together with stakeholders through a series of carefully defined stages. First of all, and perhaps most
importantly, the land uses that are to be modelled need to be carefully chosen, and an appropriate
reclassification3 of land use categories available in existing cartography should be carried out (see
deliverable 3.4). It is also very important to consider the appropriate spatial scale for the model and
think carefully about how data will be manipulated before building the model. Detailed discussion of
this issue is beyond the scope of this report; see however, for example, de Koning et al (1998),
Menard and Marceau (2005), Jantz and Goetz (2005). APoLUS, at present, accepts only ESRIstandard raster ascii files, so land use maps, once reclassified, should be converted to this format for
input.
Note that the area of the map that is outside the study area (typically null or 0 in most GIS) should be
assigned to the last category (e.g. no 8 in a 7 land use category map). All maps should have the same

3

Reclassification is a standard GIS operation referring to aggregation of categories into simpler or more general classes; e.g. 1:
irrigated herbaceos crops, 2: irrigated woody crops, 3: non-irrigated crops = 1: agriculture.

cell resolution and the same number of rows and columns, otherwise an error will be generated and
the model run will not proceed.
The input required for the model are shown in Table 2.
Table 2: User inputs to APoLUS model
Step#

Step description

Spatial inputs

Non-spatial inputs

1

Choose spatial extent

Maps of National, regional and local study
area

2

Choose land use maps for t1, t2
and t3

Maps of land use for t1 and t2 (required). t3 Category names
(optional)

3

Assign land use classes to
behaviour types: dynamic vs.
static

-

4

Actor Dynamics

Maps of National, regional and local study Actor influence for each land use (0
area (see step 1)
or 1).
Actor characteristics

5

Neighbourhood

-

Neighbourhood size, matrix name and
influence values for land uses

6

Accessibility

Maps of euclidean distance to networks

Accessibility reclassification values,
weights

7

Suitability

Maps of suitability variables (e.g. slope
solar potential, wind potential)

Suitability reclassification values.

8

Zoning

Maps of zoning areas (e.g. nature
network 2000, municipal spatial plans)

Zoning restriction values.

Active (a) or Static (s)

At the land use map import stage, the user will be prompted to specify a name for each land use
category in the input map (e.g. urban, agriculture, solar), a status, and an actor influence value. Status
relates only to whether the land use category is required to change or not. Categories denominated
“active” will change (typically urban, agriculture, solar, industry etc), either losing or gaining cells over
the course of the simulation. Categories denominated “static” will not change at all during the
simulation period (typically large water bodies ), with the exception of the final category in the map,
which should be used only to denote areas outside the study area. In applications where the study
area boundary does not match exactly in all the maps (very common when using data from different
sources) the final category, usually named “outside” or “null”, will gain cells that cannot be assigned to
another category as a result of these mismatching boundaries. When this happens, a warning is
printed during the model run, and a map showing only these mismatching areas will be generated to
allow the user to assess the degree of severity of the problem. This issue is not to be confused with
mixing maps with different cell resolutions, numbers of rows or numbers of columns (see above),
which is not allowed in APoLUS, and will produce a fatal error.
5.8
The model calibration process
To calibrate the model, parameter values for the neighbourhood, suitability, zoning and accessibility
blocks are set and the model is run from an initial map t1 (2000 in this case) to a second date n time
steps (i.e. years) forward for which a map is available for comparison (2007 in this case), which can be
denoted t2. The number of cells which are to be allocated for each land use at each time step t n is
known as the demand. Once the total number of cells corresponding to land use demand has been allocated to all suitable locations (TP > 0) at model time step t n, the next step (tn+1) is computed from t n
and so on until time t2 is reached.
The time period between t1 and t2 is known as the calibration period. If data are available, the use of
third period t3 known as the validation period, posterior to t2 ,is recommended. To validate the land use
model, the rules developed to simulate land change evolution between t 1 and t2 (the calibration period)
are applied to t3. Successful replication of land-change tendencies at both t 2 and t3 against accepted
benchmarks reinforces the main assumption of the model; i.e. that the past change processes being
modelled will hold true in the future. Once calibration and validation has been carried out successfully,
the model is considered to be ready to generate simulation for future dates.
Usually, calibration proceeds systematically by obtaining as good a fit as possible for simulated map t2
to real map t2 against key assessment benchmarks for each of the key parameters in turn in the order
(N, A, S, D, Z). Though the order can of course be varied, it is usually best to first develop plausible
neighbourhood rules according to observable change tendencies (e.g. if a large quantity of agricultural
land has converted to urban, a rule should be specified to make agricultural land attractive for urban at
distance zero and close distances) and measure the effect on the calibration on the goodness-of-fit
scores. Subsequently, accessibility, suitability and actor dynamics factors can be added, and finally,

zoning. It is recommended to add zoning last, and to bear in mind that very extensive and highly restrictive zoning maps may result in a very deterministic (and probably not very informative) model.
Assessment of goodness-of-fit should incorporate at least the following three types of assessment: 1)
visual inspection; 2) cell-by-cell comparison measures, e.g. K sim (van Vliet et 2011); and 3) map pattern and structure evaluation, e.g. fractal dimension or clumpiness. While there are a great many metrics available for measuring map pattern and structure, a recent study by Newland et al (2015) found
that clumpiness and edge density may be the most appropriate tests for modelling across a range of
land use types, being more sensitive to variation in neighbourhood rules than other metrics.
6.
Block 1: The neighbourhood effect
Let Lu1 be a map of urban land use imported into the R environment through the raster package
(Hijmans et al 2015). Let w be a moving window filter of dimensions 5x5 cells (500 x 500 m in a 100m
cellsize application).
>w <- matrix(c(0,0,50,0,0,0,50,50,50,0,50,50,500,50,50,0,50,50,50,0,0,0,50,0,0), nr=5,nc=5)
>w
Figure 2: the result of applying the specified matrix to
land use map 1
[,1] [,2] [,3] [,4] [,5]
[1,] 0 0 50 0 0
[2,] 0 50 50 50 0
[3,] 50 50 500 50 50
[4,] 0 50 50 50 0
[5,] 0 0 50 0 0

>n <- focal(lu1, w=w)
>plot(n)
The focal command from the raster
package applies the matrix w to every
cell in the urban land use map lu1
through a moving window operation.
Where the centre of the matrix
coincides with a cell containing urban
land (value 1 in map lu1), the value of
this cell will be multiplied by 500, and
all adjacent cells in its (moore)
neighbourhood by 50. At each pass of
the moving window the results are
summed. This
operation simulates
the strong tendency for urban areas to be located near to other urban areas. Figure 2 shows the result
of applying the 5x5 matrix (1 centre cell and 2 neighbours) to a map of urban land use. Note that the
highest values are generated over existing urban land that is completely surrounded by urban land,
with lower values at the edges of existing urban land, and a sharp fall off to zero two cells away fro
urban land.

Figure 3: The neighbourhood size and influence dialog

Although this very simple neighbourhood rule is already capable of generating realistic urban growth
patterns, it is has two problems which limit its effectiveness, 1) It is only capable of dealing with very
short distances (2 cells either side of the central cell) and 2) it is not a true circular neighbourhood,
since the distances along the hypotenuse are not correctly calculated – e.g. the cells diagonally
opposite the central cell (the “corners” of the moore neighbourhood) have the same values as those
directly adjacent – not correct since the diagonal distances are greater. The scripts inside the
APOLUSx/NHOOD directories allow this issue to be addressed. The nhood script, called through the
main switchboard (see user guide), allows the user to input the desired distances, up to a
neighbourhood distance of 5 cells away on each side of the central cell. The dialog (Figure 3)
facilitates user data input – in this example we create a second matrix, called w2, with the maximum
permitted neighbourhood distance of 5 cells. The weights (called “influence values”) are input as
comma separated values, beginning with the central cell of the matrix, followed by the successive
values at 1 cell, 2,cells, 3 cells etc away from the central cells. The diagonals are calculated by the
script according to Pythagoras' theorem.
This script generates a much larger matrix, as well as two helpful figures showing the influence in 2D
and 3D.
> w2
[,1]
[,2]
[,3]
[,4]
[,5] [,6]
[,7]
[,8]
[,9] [,10] [,11]
[1,] 0.0000000 0.0000000 0.1690481 0.6148352
0.9009805
1
0.9009805 0.6148352
0.1690481 0.0000000 0.0000000
[2,] 0.0000000 0.3431458 1.0000000 1.5278640
1.8768944
2
1.8768944 1.5278640
1.0000000 0.3431458 0.0000000
[3,] 0.1690481 1.0000000 1.7573593 5.1555898
8.7017787
10
8.7017787 5.1555898
1.7573593 1.0000000 0.1690481
[4,] 0.6148352 1.5278640 5.1555898 16.8629150 40.5572809
50 40.5572809 16.8629150
5.1555898 1.5278640 0.6148352
[5,] 0.9009805 1.8768944 8.7017787 40.5572809 79.2893219 100 79.2893219 40.5572809
8.7017787 1.8768944 0.9009805
[6,] 1.0000000 2.0000000 10.0000000 50.0000000 100.0000000 500 100.0000000 50.0000000
10.0000000 2.0000000 1.0000000
[7,] 0.9009805 1.8768944 8.7017787 40.5572809 79.2893219 100 79.2893219 40.5572809
8.7017787 1.8768944 0.9009805
[8,] 0.6148352 1.5278640 5.1555898 16.8629150 40.5572809
50 40.5572809 16.8629150
5.1555898 1.5278640 0.6148352
[9,] 0.1690481 1.0000000 1.7573593 5.1555898
8.7017787
10
8.7017787 5.1555898
1.7573593 1.0000000 0.1690481
[10,] 0.0000000 0.3431458 1.0000000 1.5278640
1.8768944
2
1.8768944 1.5278640
1.0000000 0.3431458 0.0000000
[11,] 0.0000000 0.0000000 0.1690481 0.6148352
0.9009805
1
0.9009805 0.6148352
0.1690481 0.0000000 0.0000000
>
n2 <- focal(lu1, w=w2)
>plot(n2)
Figures 4a and 4b illustrate the difference between the two neighbourhood influence matrices.
Figure 4a (left) weight matrix w applied to map lu1, the neighbourhood of an existing urban area
(cellsize 100 by 100m). Figure 4b (right) weight matrix w2 applied to map lu1, the same urban area.
Note the larger neighbourhood and radial influence pattern in Figure 4b generated by the more
sophisticated weights matrix.

7.
7.1

Block 2: Actor Dynamics
Modelling actor dynamics

One of the most important aspects of the APoLUS model is that actor behaviour is explicitly modelled
by the addition of an actor dynamics model block so that:
TP = D*N*A*S*Z*v
which is the short form of Eqn. 1, above

[Eqn. 2]

Problem framing and definition of actor characteristics were undertaken as part of the participatory
process. The purpose of this was to elicit the necessary information about the policy implementation
context, particularly the motivation of actors and the power relations between them.
7.2
The 6 actor characteristics.
Integration of conceptual models based on Contextual Interaction Theory (CIT) and Participatory
Action Research (PAR) allowed 6 actor characteristics to be defined for any land use implementation
process, as follows:
1) Motivation – the actor's degree of motivation to implement the modelled process for the relevant
land use;
2) Cognition – the actor's degree of awareness and knowledge that enable them to implement the
modelled process for the relevant land use;
3) Resources – the resources (monetary or otherwise) at the actor's disposal;
4) Power – the power of the actor with respect to other actors in the model;
5) Affinity – the degree to which the actor is sympathetic towards implementation of the modelled
process for the relevant land use, and;
6) Level of action - the typical administrative level of action (usually, but not necessarily their level
of official competence) of this actor respect to the modelled process.
At the beginning of the model calibration process these are entered into the model through the actor
dynamics tool (see user guide). The preset values corresponding to the user's multiple choice
responses are show in Table 3.
Table 3: Underlying model values for the 6 actor dynamics variables:
Low

Medium

High

Motivation, Cognition, Resources

0.1

0.5

0.9

Power

1

2

3

In Favour

Neutral

Opposed

2

1

-2

National

Regional

Local

NA

NA

NA

Affinity
Level of Action

No values are required for level of action, as the user's response to this variable determines the base
map to which the actor dynamics result score computed from the other five variables are imported.

7.3
Setting values for actor characteristics.
While it is perfectly possible to set values for actor dynamics for all active land uses in the model, it is
not required (and indeed, not normally recommended). For one thing, at present, the values
established by the user for actor dynamics will be applied to all land uses for which the actor influence
switch has been turned on (this is done at the land use map input stage (2), by assigning actor
influence scores of 1 to the desired land uses) which may not be realistic. The same configuration of
actor dynamics is unlikely to be relevant for both renewable energy installations and irrigated crops, for
example. Functionality allowing different actor dynamics settings for different land uses could be
incorporated by making the model slightly more complicated at the input stage, but this feature has not
been developed at present (see future work). In the case study, actor dynamics are only modelled for
solar and wind energy. That's to say, Transition Potential (TP) will be computed in the usual way using
N*A*S*Z*v for all and uses except solar and wind, where TP will be computed using D*N*A*S*Z*v.
The study area maps (Figure 5, right), defined
by the user at the beginning of the application,
are of crucial importance to the actor dynamics
block, since a map is created containing the
result of the actor dynamics computation for
each actor at that actor's level of action. The
result of the actor dynamics computation is
denoted D. D is computed as follows:
D = C*P

[Eqn.3]

where:
C = ∑m,c,r

[Eqn. 4]

and
P = p*a

[Eqn. 5]

where p,m,c,r,a are scores for power,
motivation, cognition, resources and affinity
respectively.
High values for P will be obtained for very
powerful actors, with the sign depending on
whether these actors are afin, neutral (+) or
opposed (-). For example, in the case of a
large energy multinational with a power value
of 3, opposition to the renewable energy
development process will produce a value of -6 (3*-2). If this actor is considered to be actively
motivated to prevent renewable energy from being installed , and having good cognition and plentiful
resources to do so, it can be seen from Eqn. 2 that the final value for D could be as high as -16.2
(0.9+0.9+0.9=2.7, D=2.7*-6=-16.2). Conversely, for very powerful actors that are strongly in favour,
the inverse would be true (D=16.2). While either case would represent an extreme situation, this is a
situation that could feasibly occur. An example result taken from the Navarre case study is shown in
Table 4.
Table 4: Example result following user input of actor dynamics (Simulation 0 for Navarre case study,
compare with Table 8). The values in the levels column relate the value result to a map, e.g.: level 1
(national level) a map of the country, level 2 (regional level); a map of the province or county and level
3, a map of the municipality.
actor

motivationcognition

resources

power

affinity

level

result

1

BIG_ENERGY_COMP

0.1

0.5

0.9

3

-2

1

-9

2

NAT_ELEC_SUPP

0.1

0.5

0.1

3

-2

1

-4.2

3

NAT_GOV

0.1

0.9

0.9

3

-2

1

-11.4

4

REG_GOV

0.5

0.9

0.9

3

1

2

6.9

5

MUNI_GOV

0.5

0.5

0.5

2

1

2

3

6

LAND_OWNERS

0.5

0.5

0.5

2

1

2

3

7

ENERGY_COOP

0.9

0.5

0.5

1

1

2

1.9

8

ENV

0.9

0.5

0.9

3

2

1

13.8

9

SMEs_RE

0.5

0.5

0.5

2

1

2

3

10

ASSOC

0.5

0.5

0.5

1

1

2

1.5

11

SCI_and_UNIV

0.9

0.9

0.5

1

2

2

4.6

12

MEDIA
0.5
TOTAL D score (levels 1
and 2 combined)

0.5

0.9

2

1

1

3.8
16.9

8.
Block 3: Accessibility
Accessibility has been defined by Gutiérrez et al (2009) as: “the ease with which desired destinations
may be reached by means of a specific transport system”. To generate accessibility maps in APoLUS,
the starting point is simple Euclidean distance maps, in which the closer each cell is to a road or a
river, the lower the value. To generate accessibility map layers, we use the local accessibility equation
found in White et al (1997):

D
a j =1+
δj

−1

( )

[Eq. 6]

where aj is accessibility of the cell for land use j at time t;
D is the euclidean distance from each cell in the map to the nearest cell in the network;
δj is the accessibility distance decay function or accessibility coefficient, reflecting the influence
of a specific infrastructure network on accessibility for land use j at a range of distances;
To determine the accessibility coefficient δj for a given land use j in a model application, the user
inputs the reclassification values for each network that will influence the location of land use j for all t
through the “accessibility influence” dialog (see user guide). A weight value can also be input (default
value is 1) to reflect the relative importance of individual networks. For example, access to roads may
be important to for wind farm location, but access to the electricity network may be far more
important. ; in this case roads could be assigned weight value 1, and electricity network weight value
10 (or any other real number that the user considers appropriate). For each distance map, as in the
following example, for distance to roads, the model feeds the user's input to the reclassify command
from the raster package. e.g. for distroad, applies Eqn. 6. The “summary” command shows the
distance values (in metres) in the map distroads:
>summary(distroad)
Min.
0
1st Qu. 424
Median 1118
Mean
1966
3rd Qu. 2326
Max. 13710
NA's 600147
>roadsco <- reclassify(distroad,c(-Inf,100,1,100,300,0.9,300,800,0.8,
800,1500,0.7,1500,2500,0.6,2500,5000,0.5,5000,8000,0.4,8000,10000,0.3,10000,12000,0.2,12000,Inf
,0.1))
This gives a reasonably dispersed distance effect with a halving distance of 2.5km, which might be
appropriate for urban land use. Note that although it may be easier to use influence values between 0
and 1, there is no obligation to do so at this stage. However, it is very important that the tails of the
distance distribution are caught using the -Inf and Inf function, failure to do so will result in a divide by
zero error in the normalisation equation; APoLUS will capture this error and cause the accessibility
script to fail (gracefully), giving the user an error message.
Once user input is complete, accessibility is computed from Eqn 6 as follows:
>accessibility <- 1+((distroad/roadsco)^-1)
Note that areas where roads already exist (distance 0) take unmeasurably large values, (Inf) (and
therefore appear white). This also causes a problem in the normalisation equation, corrected as
follows:
>funacc <- function(x) { x[x>2] <- 1; return(x) }
>acc<-calc(accessibility, funacc)

Thus every cell which had a value greater than 1 gets a value of 1.
To apply the weights, each map in a set of maps to be applied to a given land use is multiplied by its
weight. To final accessibility map for each land use is found by the sum of all of the weighted maps.
The weights are retained during the normalisation procedure (following paragraph) by using the
maximum value from the set of maps S (rather than the total accessibility map ∑aj), as described in
Eqn 7:

N (∑a j )=

(∑ a j−Smin)
(Smax−Smin)

[Eqn 7]

where N(∑aj) is the unity normalised (feature scaled) total accessibility map for land use j;
∑aj is the total accessibility map for land use j;
Smax is the maximum value from the set of accessibility maps S to be applied to land use j;
Smin is the minimum value from the set of accessibility maps S to be applied to land use j;
The final total accessibility map N(∑aj) is equivalent to tAj,c in Eqn 1.
9.
Block 4: Suitability
In APoLUS, suitability is defined as the biophysical variables or factors that express the capacity of a
particular cell to support the activity represented by a particular land use (Engelen et al 1997). This is
determined by the user through the suitability influence dialog in a similar way to accessibility
(previous section, see also user guide). As for accessibility, the influence values entered by the user
are passed to the reclassify command. Example values are shown in Table 5
Table 5: suitability values for slope, solar potential and wind potential for land use “wind”. Note that
solar potential is excluded (for obvious reasons) from the wind land use class by setting all values to 1.
Suitability_map

Land_use_map

Reclass_vals

Min/Max

1Simap_slope200

wind

-Inf,4,1,4,5,0.5,5,Inf,1

1;6

2Simap_solar200

wind

-Inf,Inf,1

1 ; 10

3Simap_wind200

wind

-Inf,2,0,2,3,0.1,3,4,0.3,4,5,0.5,5,6,0.7,6,7,0.9,7,Inf,1

1;8

Finally, total suitability Sj, is calculated for each land use by taking the minimum of individual suitability
maps sj, for all land areas. For most situations, the minimum is the only function which make sense,
since low suitability in one suitability class is unlikely to be compensated by high suitability in another,
for example, land that is very sloping is likely to be unsuitable for wind farm development even wind
potential is high.
The final total suitability map (Sj) is equivalent to tSj,c in Eqn 1.

11.
Block 5: Zoning (institutional suitability)
Zoning refers to the institutional restrictions that impact land use change. They may vary from simple
no development restrictions in protected areas like national parks to more complicated spatial plans for
activities established by municipal planners. In APoLUS, zoning is established in a similar way to
accessibility and suitability. The use first inputs maps of zoned areas, and then sets the type of
restriction through the “zoning settings” dialog (see user guide). Values are assigned to the zoning
maps according to the restriction type. Multiple zoning maps for a single land use are combined using
the merge operation. In cases of overlap, the value of the overlapping area will correspond to the
uppermost map in the mapset.
The final zoning map for each land use obtained in this way (Zj) is equivalent to tZj,c in Eqn 1.
The three zoning settings correspond to the following model values.
Strictly restricted
Weakly restricted
Permitted

0
0.1
1

With reference to Eqn 1, it can be seen that Strictly Restricted will set Total Transition Potential tPj,c of
the affected cells to 0. Weakly Restricted will reduce tPj,c by a factor of 10, and Permitted will have no
effect, returning tPj,c as the product of the other model drivers.

12.
The land use allocation script
The transition potential computation (Eqn 1) is the basis for land use allocation, which is undertaken
by the script “ALLOCATOR/allocator.R”. Each land use is assigned by the user to to one of types,
active or static (see Section 6.7 of this report). Beginning with the initial map lu1, the active land use
having the highest transition potential for a particular cell is allocated to that cell, provided that the
demand for cells for that land use > 0. If not, the active land use having the next highest transition
potential for a particular cell is allocated instead, provided that the demand for cells for that land use >
0, and so on, until the demand for all active land uses has been allocated. Static land uses are not
allocated but remain unchanged throughout the simulation. The most aggressive land uses (according
to neighbourhood rules) will usually have the highest transition potentials and will be allocated first.
Since model cellspace is finite, this may result in some active land uses not being allocated their full
requested demand. This process accurately replicates the colonisation of land areas by aggressive
land consuming activities such as urban development, industry, irrigation, or renewable energy.
Since land use allocation is an iterative procedure in which every cell in the map must be considered,
the original land allocation R script proved to be unworkably slow. To solve this problem, the original
script was rewritten in the C language and compiled for Mac, linux and windows. The user must modify
the allocator.R script to call the relevant compiled allocation routine from the ALLOCATOR directory.
This is an extremely simple procedure an it is described in the user guide (Appendix 1). However,
future versions of the model will recognise the user's operating system and do this automatically. The
original C code is provided below:
--------------alloc.c by Maarten van der Meulen--------------------------don't copy this line
#include <R.h>
__declspec(dllexport) void alloc6inner(int* nextLanduseMap, int* demands, int* nIndexes, int* CI, int*
LU) {
int* pDemand;
int* pNextLanduseMapMap;
int n = *nIndexes;
while (n--) {
pDemand = &demands[*LU-1];
if (*pDemand) {
pNextLanduseMapMap = &nextLanduseMap[*CI-1];
if (!*pNextLanduseMapMap) {
*pNextLanduseMapMap = *LU;
--*pDemand;
}
}
++CI;
++LU;
}
}
----------------------------------------------------------don't copy this line
13.
The model applied to the case study of Navarre
In this section, calibration settings for a working case study of renewable energy development in
Navarre, Spain, are described. This is the first major model test for a real case study, so set up
decisions were simplified to allow for ease of running and rapid error detection.
13.1
Set up decisions
The MCA (Map de Cultivos y Approvechamentos) supplied by the Government of Navarre through the
sitna web portal (SITNA 2015) provided the land use information, which was reclassified into 6 simple
classes (see Table 6). Five of these uses were active and one static. The area outside the study
region was assigned to class 7. Actor dynamics were modelled for two classes, solar and wind (Table
6). Land use maps were available for three dates, 2000, 2007 and 2012, allowing for calibration and
validation checks to be carried out. All maps imported to the model application had the following initial
spatial characteristics:
ncols 735
nrows 788
xllcorner 539000

yllcorner 4639400
cellsize 200
NODATA_value -9999
Table 6: Land use set up table for Navarre case study
LU_cat

demand_2007

demand_2012

landuse

status

actor_influence

1

149089

149237 nat

a

0

2

101092

100814 agr

a

0

3

7416

7456 urb

a

0

4

84

233 solar

a

1

5

117

116 wind

a

1

6

2015

1958 water

s

0

7

319367

319366 outside

s

0

13.2
Neighbourhood rules
After a process of trial and error experimentation, a set of simple neighbourhood rules (Table 7) were
considered to successfully replicate the observed dynamics.
Table 7: Neighbourhood influence table for Navarre case study
Distance:

1

200

400

600 800

1000

1200

1400 Explanation

Land use

mat_agr_agr

100

10

1

0NA

NA

NA

NA

mat_nat_nat

100

10

1

0NA

NA

NA

NA

mat_solar_solar

100

10

1

0NA

NA

NA

NA

100000

100

1

0NA

NA

NA

NA

mat_wind_wind

100

10

1

0NA

NA

NA

NA

mat_solar_agr

20

2

1

0NA

NA

NA

NA

mat_urb_agr

80

2

1

0NA

NA

NA

NA

mat_urb_nat

500

100

10

0NA

NA

NA

mat_wind_agr

40

2

1

NA

NA

NA

mat_solar_urb

1

300

100

0NA

NA

NA

mat_urb_urb

1
0NA
1

Agriculture strongly attracted to cells already
containing agriculture and their immediate
neighbours ; no influence from 3 cells distance and
beyond
Natural land strongly attracted to cells already
containing natural land and their immediate
neighbours ; no influence from 3 cells distance and
beyond
Solar strongly attracted to cells already containing
solar and their immediate neighbours ; no influence
from 3 cells distance and beyond
Urban land very strongly attracted to cells already
containing urban land and their immediate
neighbours ; no influence from 3 cells distance and
beyond
Wind strongly attracted to cells already containing
wind and their immediate neighbours ; no influence
from 3 cells distance and beyond
Solar attracted to cells containing agriculture and
their immediate neighbours ; no influence from 3
cells distance and beyond
Urban land attracted to cells containing agriculture
and their immediate neighbours ; no influence from
3 cells distance and beyond
Urban land strongly attracted to cells containing
natural land and their neighbours ; no influence
from 4 cells distance and beyond
Wind attracted to cells containing agriculture and
their immediate neighbours ; no influence from 3
cells distance and beyond
Solar strongly attracted to cells close to urban land ;
no influence from 4 cells distance and beyond

13.3
Actor Dynamics
Actor dynamics were input to the model on the basis of information obtained from workshops (see
deliverable 3.4). These settings are shown in Table 8.
Table 8: Actor dynamics settings for Navarre case study, simulation 0
actor

motivation

cognition resources

power

affinity

level

result

1BIG_ENERGY_COMP

Low

Medium

High

High

Opposed

National

-9

2NAT_ELEC_SUPP

Low

Medium

Low

High

Opposed

National

-4.2

3NAT_GOV

Low

High

High

High

Opposed

National

-11.4

4REG_GOV

Medium

High

High

High

Neutral

Regional

6.9

5MUNI_GOV

Medium

Medium

Medium

Medium

Neutral

Regional

3

6LAND_OWNERS

Medium

Medium

Medium

Medium

Neutral

Regional

3

7ENERGY_COOP

High

Medium

Medium

Low

Neutral

Regional

1.9

8ENV

High

Medium

High

High

In Favour

National

13.8

9SMEs_RE

Medium

Medium

Medium

Medium

Neutral

Regional

3

10ASSOC

Medium

Medium

Medium

Low

Neutral

Regional

1.5

11SCI_and_UNIV

High

High

Medium

Low

In Favour

Regional

4.6

12MEDIA

Medium

Medium

High

Medium

Neutral

National

3.8

TOTAL D score

16.9

Note that since there are no local actors (municipalities have been treated as a homogenous regional
group, rather than individual actors), and only one region is modelled, the total D score will be applied
to the whole study area (the province of Navarre). To be able to demonstrate how the actor dynamics
module causes variation in the spatial allocation of the actor influenced land uses, strong municipal
actor behaviour was artificially simulated (see discussion section). The influence table generated is
shown in Table 9.
Table 9: Actor dynamics settings for Navarre case study, simulation 1
motivation

cognition resources

affinity

level

result

1

actor
power
BIG_ENERGY_COM
P
High

Low

Medium

High

Opposed

National

-9

2

NAT_ELEC_SUPP

High

Low

Medium

Low

Opposed

National

-4.2

3

NAT_GOV

High

Low

High

High

Opposed

National

-11.4

4

REG_GOV

High

Medium

High

High

Neutral

Regional

6.9

5

MUNI_GOV

High

High

High

Medium

In Favour

Local

13.8

6

LAND_OWNERS

Medium

High

High

Medium

In Favour

Local

9.2

7

ENERGY_COOP

Medium

High

High

Medium

In Favour

Local

9.2

8

ENV

High

High

Medium

High

In Favour

National

13.8

9

SMEs_RE

Medium

High

High

Medium

In Favour

Local

9.2

10

ASSOC

Medium

High

High

Medium

In Favour

Local

9.2

11

SCI_and_UNIV

Low

High

High

Medium

In Favour

Regional

4.6

12

MEDIA
Total D score
(regional/national)

Medium

Medium

Medium

High

Neutral

National

3.8
4.5

Total D score (local)

55.1

13.4
Accessibility rules
Accessibility settings are shown in Tables 10-12. These settings are identical, except for the different
weightings applied to reflect the relative importance of the networks to different land uses. For
example, for solar land uses, the electricity network is weighted 100, against a weighting of 1 for road
and rail. For urban land, the electricity network has been excluded from the accessibility computation.
The final accessibility maps are shown in Figure 6.
Table 10: Urban land accessibility settings for Navarre case study.
distance_map Land_use_map
Aimap_dist_ele
1c
urb

2 Aimap_dist_rail urb

Aimap_dist_roa
3d
urb

Reclass_vals

Min/Max

1 0 ; 64051.54
-Inf,
100,1,100,500,0.9,500,1000,0.8,1
000,2000,0.7,2000,3000,0.6,3000,
4000,0.5,4000,5000,0.3,5000,600
0,0.2,6000,Inf,0.1
0 ; 93048.38
-Inf,
100,1,100,500,0.9,500,1000,0.8,1
000,2000,0.7,2000,3000,0.6,3000,
4000,0.5,4000,5000,0.3,5000,600
0,0.2,6000,Inf,0.1
0 ; 54011.85

weight

Accessibility_map
Aimap_dist_elec_urb_w
1 map

Aimap_dist_rail_urb_wm
1 ap

Aimap_dist_road_urb_w
10 map

Table 11: Solar land accessibility settings for Navarre case study.
distance_map Land_use_map

Aimap_dist_ele
1c
solar

Reclass_vals
Min/Max
-Inf,
100,1,100,500,0.9,500,100
0,0.8,1000,2000,0.7,2000,
3000,0.6,3000,4000,0.5,40
00,5000,0.3,5000,6000,0.2
,6000,Inf,0.1
0 ; 64051.54

2 Aimap_dist_rail solar
3 Aimap_dist_roa solar

-Inf,

1 0 ; 93048.38
0 ; 54011.85

weight

Accessibility_map

Aimap_dist_elec_solar_
100 wmap
Aimap_dist_rail_solar_w
1 map
1 Aimap_dist_road_solar_

100,1,100,500,0.9,500,100
0,0.8,1000,2000,0.7,2000,
3000,0.6,3000,4000,0.5,40
00,5000,0.3,5000,6000,0.2
,6000,Inf,0.1

d

wmap

Table 12: Wind accessibility settings for Navarre case study.
distance_
map
Land_use_map

Aimap_dist
1 _elec
wind

Aimap_dist
2 _rail
wind

Aimap_dist
3 _road
wind

Reclass_vals
-Inf,
100,1,100,500,0.9,500,1000,0.8,
1000,2000,0.7,2000,3000,0.6,30
00,4000,0.5,4000,5000,0.3,5000
,6000,0.2,6000,Inf,0.1
-Inf,
100,1,100,500,0.9,500,1000,0.8,
1000,2000,0.7,2000,3000,0.6,30
00,4000,0.5,4000,5000,0.3,5000
,6000,0.2,6000,Inf,0.1
-Inf,
100,1,100,500,0.9,500,1000,0.8,
1000,2000,0.7,2000,3000,0.6,30
00,4000,0.5,4000,5000,0.3,5000
,6000,0.2,6000,Inf,0.1

Min/Max

weight

Accessibility_map

0 ; 64051.54

Aimap_dist_elec_wind_
100 wmap

0 ; 93048.38

Aimap_dist_rail_wind_w
1 map

0 ; 54011.85

Aimap_dist_road_wind_
10 wmap

Figure 6: Final accessibility maps for Navarre case study

13.5
Suitability settings
Suitability settings are shown in Tables 13-16. The final suitability maps are shown in Figure 7.
Table 13: Agriculture suitability settings for Navarre case study.
Land_use_map

Reclass_vals

Min/Max

1 Simap_slope200

Suitability_map

agr

-Inf, 4,1,4,5,0.5,5, Inf,0

1-6

2 Simap_solar200

agr

-Inf,Inf,1

1-10

3 Simap_wind200

agr

-Inf,Inf,1

1-8

Table 14: Urban suitability settings for Navarre case study.
Suitability_map

Land_use_map

Reclass_vals

Min/Max

1 Simap_slope200

urb

-Inf, 4,1,4,5,0.5,5, Inf,0

1-6

2 Simap_solar200

urb

-Inf,Inf,1

1-10

3 Simap_wind200

urb

-Inf,Inf,1

1-8

Table 15: Solar suitability settings for Navarre case study.
Suitability_map

Land_use_map

Reclass_vals

Min/Max

1 Simap_slope200

solar

-Inf,Inf,1

1-6

2 Simap_solar200

solar

3 Simap_wind200

solar

-Inf, 4,1,4,5,0.5,5, Inf,0
1-10
-Inf,
2,0,2,3,0.1,3,4,0.2,4,5,0.3,5,6,0.5,6,7,0.7,7,8,0.8,8,9,0.9
,9,Inf,1
1-8

Table 16: Wind suitability settings for Navarre case study.
Land_use_map

Reclass_vals

Min/Max

1 Simap_slope200

Suitability_map

wind

-Inf, 4,1,4,5,0.5,5, Inf,0

1-6

2 Simap_solar200

wind

-Inf,Inf,1

1-10

3 Simap_wind200

wind

-Inf,2,0,2,3,0.1,3,4,0.3,4,5,0.5,5,6,0.7,6,7,0.9,7,Inf,1

1-8

Figure 7: Final suitability maps for Navarre case study

13.6
Zoning settings
Zoning settings are shown in Table 17. The settings simply prevent land use change for urban, solar
and wind inside Navarre's protected areas (Figure 8).
Table 17: Zoning settings for Navarre case study.
Input_map

Land_use_map

restriction

included

1Zonmap_eepp_200

urb

Strictly restricted

1

1Zonmap_eepp_200

solar

Strictly restricted

1

1Zonmap_eepp_200

wind

Strictly restricted

1

Figure 8: Final zoning maps for Navarre case study

13.7. Discussion
The example model application for Navarre is highly simplified. To demonstrate its functioning, the
model was run from 2012 to 2050, under two highly simplified scenarios. In both simulations, the
N,A,S, and Z drivers described previously in this section as well as the stochastic factor v were
maintained constant. However, the D driver was modified to demonstrate the influence of the actor
dynamics settings in the model for the purposes of this report. The first simulation (Simulation 0) was
run with actor dynamics settings shown in Table 8, while Simulation 1 was run with actor dynamics
settings shown in Table 9. Simulation 1 illustrates the effect of a group of local actors working together
to promote development of wind and solar energy. The annual land use demand for the calibration
period was maintained constant (see Table 18).
Table 18: Land use demands for Navarre case study simulations to 2050
LU_cat

landuse

status

actor_influence

demand_2012

Annual increment

demand_2050

1 nat

a

0

149237 29.6

149333

2 agr

a

0

100814 -55.6

98701

3 urb

a

0

7456 8

7760

4 solar

a

1

233 29.8

5 wind

a

1

117 0

6 water

s

0

7 outside

s

0

1958 0
0 (cells allocated from
319366 boundary mismatch)

1365
117
1958
319946

The results of both runs are illustrated in Figure 9.
Figure 9: The area around Pamplona, Navarre, for two simulation runs to the year 2050. In simulation
0, solar energy has been located close to major electric networks, close to urban areas and on
agricultural land, with no preference for any individual locality. In simulation 1, a group of highly
motivated local actors, led by the municipal government (see Table 9) have overcome continuing
opposition of powerful actors at national level to install renewable energy (solar and wind) in virtually
all non-urbanised areas of this municipality. Though this example is clearly not particularly realistic, it
demonstrates how actors in the ApoLUS model can override background land change tendencies to
drive strong land use change. This allows us to visualize and quantify, in terms of land use change at
large spatial scales, how specific actor behaviour, conceptualised in terms of motivation, cognition,
resources, power and affinity, may play out in the long term.

14.
Future work
The model described above has been fully tested and is ready for use. It is currently being applied in 2
case study areas; 1) Navarre province, Spain and; 2) Overijssel province, Netherlands. Future case
study work will principally be dedicated to developing realistic future scenarios with stakeholders in
both case study areas and using the model to represent them. This work will be documented in
deliverable 3.6 (Final report on climate mitigation
Some elements of the model clearly require improvement, this process is ongoing. Model updates
containing
bug
fixes
and
improvements
will
be
frequently
posted
on
https://simlander.wordpress.com/apolus/
Further development priorities include:
1. improvements to the actor dynamics module:
a) to allow actors to modify top-level land use demand for land uses under their influence
b) to allow multiple actor influence tables relating to different uses
c) to allow single actors to influence multiple localities
2. Development of a simulation control panel to facilitate the simulation process, e.g. to allow changes
to startyear, endyear, demand, etc, to be made interactively.
3. Other amendments proposed by stakeholders in future participatory activities.
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Appendix I: APoLUS user guide

APoLUS User guide version 1.3 (November 6th 2015)

1. Most important advances from previous versions
1. Renamed to APoLUS (Actor, Policy and Land Use Simulator) to take into account what we are
trying to do under complex, basically incorporate analysis of the stakeholder community's
motivation to implement renewable energy uses into the spatial model.
2. Designed a series of very basic user interfaces in tcltk to allow the user to input data, calibrate
the model and run the simulation through a simple switchboard (SWITCH/switchb.R). This
means that the model is now interactive, unlike before, when the user had to manually enter
all the filenames into the scripts.
3. Restructured the model around a root working directory (APOLUS6) with 14 sub-directories for
each part of the model.
4. Written scripts to get actors and actor characteristics and use them to make suitability-type
maps which are then incorporated into the TP equation (ACTORS/actors.R and
ACTORS/actors_power.R)
5. Improvements to the allocation script (formerly 4.R, now ALLOCATOR/allocator.R). Mainly, (i)
changed to make it interactive. (ii) incorporation of rules of attraction TO but not FROM feature
land uses (e.g. Urban to water) (iii) elimination of matrices with no neigbourhood rules set from
the TP computation (a major speed improvement), (iv) incorporation of Maarten van de
Meulen's c-script routine.
2. How to open and run a calibrated model
1) check you have installed the gWidgetstcltk and raster packages, I think the others (tcltk, sp, digest)
come in automatically.
2) copy the model root folder and all of its subdirectories to your chosen location and set the working
directory to the model root
> setwd("E:/richard/COMPLEX/main_model_Complex/APoLUS6")
3) load the project. Calibrated nhood, actors, suitability, and accessibility
> load("ORIGproject_acc.Rdata”)
4) Run the cleaner to remove the tempory files
> source(“ALLOCATOR/cleaner.R”)
You may get warnings at this point – you can safely ignore them. These come up when R tries to
emiminate a file that isn't there, if it isn't there it has been removed already or wasn't there in the first
place, so there's no problem.
5) Open ALLOCATOR/allocator.R in notepad++ or gedit/emacs/vim/pico/nano/leafpad whatever. Go to
line 140 (dyn.load) and comment in the appropriate line for your operating system (and R version –
take care, even if you have a 64 bit operating system, but you have 32 bit R installed, you need the 32
bit version here), taking care to comment out the other dyn.load lines that do not apply (151, 152).
There are compiled c scripts for 32 bit windows, 64 bit windows and 64 bit linux. Will compile for 32 bit
linux when I have a moment. Obviously, the idea here is to be able to test for R version and operating
system and do this automatically with an “if” command.
If you are on a mac (I'm assuming it will be 64bit if its a new one), try the 64 bit linux script
(alloc64L.so). If it doesn't work, you'll need to compile the code below for your mac, copy it into the
ALLOCATOR folder next to the other scripts and then modify the allocator script to get it to select your
compiled code. It won't be difficult, but it may require a google search or two.
6) Scroll down to line 216 and 217 of the allocator script. (eval_anim and eval(parse(text=eval_anim)).
If you're on linux, install ImageMagick (great little program) comment these two lines back in and the
animations should be generated ok in the OUTPUTS/animations directory. For windows users, in the
OUTPUTS file I have included a windows program called Animate gif that you can use to animate
the .png files manually.
7) and open up the switchboard
> source(“SWITCH/switchb.R")
Hit “Run Model” and the model should run OK. If you get errors, these are the two most likely errors:
1. “cannot allocate vector of size x” - usually solvable by updating your R version to the latest and, if
possible, switching to 64 bit R, which has better access to system memory.
2. error in dyn.load, : ., e.g. “ invalid ELF header”. Usually because the wrong c script for your machine
is being called from the allocator script. See 5), above. If you are sure that the script is the right one,
use R CMD SHLIB (on windows you will need to install Rtools and set the environment path correctly)
and recompile the following c script.

--------------uncompiled c-script--------------------------don't copy this line
#include <R.h>
__declspec(dllexport) void alloc6inner(int* nextLanduseMap, int* demands, int* nIndexes, int* CI, int*
LU) {
int* pDemand;
int* pNextLanduseMapMap;
int n = *nIndexes;
while (n--) {
pDemand = &demands[*LU-1];
if (*pDemand) {
pNextLanduseMapMap = &nextLanduseMap[*CI-1];
if (!*pNextLanduseMapMap) {
*pNextLanduseMapMap = *LU;
--*pDemand;
}
}
++CI;
++LU;
}
}
----------------------------------------------------------don't copy this line
To compile on linux, just remove “__declspec(dllexport)“ from the script.
3. How to start a model from scratch.
Starting the model for the first time
3.1
Copy the model root folder and all of its subdirectories to your chosen
location and set the working directory to the model root:
3.2
Copy the file START/start.R to your home directory (where R opens
by default)
3.3
Open R
3.4
issue command:
> source(“start.R”)
You should get a dialog asking you to select your model working directory
(where you copied it above). After a short pause you should see the main
switchboard dialog (right). If it doesn't come up check that it isn't hiding in the
taskbar. If you get an error ("Model not found or incomplete in this directory"), check that you have
copied all of the model and its subfolders correctly.
You should now see the main switchboard (right).
Inputting data and calibrating the model
The switchboard is designed to help you through the calibration process. You need to carry out each
numbered task in the order it appears. The model directories already contain example data in
APOLOS6/ASCII. It is suggested that the relevant data for each part of the model should be stored
inside ASCII inthe appropriate subfolders. Take the time to replace all the test data in these folders
with your own data, ensuring that x and y corners, ncols, nrows and resolution are all the same for all
maps. At the moment, the model only accepts ESRI ascii raster data, with file extension .asc.
Import region maps
This dialog allows the user to import region maps (e.g. from the ASCII folder, see above). For a
regional study, the national and regional maps will be the same (the regional map – if no other regions
are studied, national influence will be at the level of the region).
Import land use maps
Before running this dialog, check that the land use maps have the same number of categories and that
there are no “NA” values. This saves substantial headache. Before running the model, NA values
should be assigned a category like the other uses, e.g., in a map with 7 land uses, the area outside
the region could be number 8. Also before running this dialog, set the desired color palette and correct
number of breaks for the number of land use categories. The color scheme you choose here will be
used to display the results of the model. You can set this in the script START/startlu.R, on lines 63 and

64. You need to set one more breakpoint and color than there are categories in your model, e.g. if you
have 7 categories, you need 8 colors and 8 breakpoints. Breakpoints need to start at 0, and if your last
category is outside the study area, it is recommended that your last colour should be very innocuous,
e.g. white. Type “colors()” at the command prompt for a list of colors supported in R.
When you run this dialogue you will be asked to enter the start year and the end year for the
simulation, and then you will enter the map for each date. For example, if you want to calibrate from
2000 to 2010, start year will be 2000, and for land use map 1 you will select your map “lu2000.asc” or
something similar from the ASCII directories. Endyear will be 2010 and you will select the
corresponding land use map for land use map 2. The start map and the end map will be plotted. If the
colours and breakpoints you set didn't come out right you don't need to run the import tool again, just
paste lines 63-65 of the START/startlu.R script into the command window (one at a time) and modify
them until the maps look right.
The first time you run the model, its a good idea to choose the interactive option at the prompt
"Land use categories and status: type 't' to import 'landuse.csv' or 'i' for interactive mode …"
You will be prompted to name the uses, say whether they are active or static classes, and whether
they respond to actor dynamics. Follow the command line instructions and input these data carefully,
as going back can be a headache. You will be prompted for all the categories, and the dialog will close
once all the categories have been named and assigned a status. At this point OUTPUTS/landuse.csv
will be written (or overwritten – there is an example already there) and your new project will be saved
as "project.Rdata”. If you crash out after this point you can restore your work without having to go
through the arduous land use dialogue just by setting the directory to the model root and doing
>load(“project.Rdata”). Likewise, if you need to modify your land use settings, do it directly in
OUTPUTS/landuse.csv and then start the land use import dialog again, this time choosing “t” to import
the modified landuse.csv file.
Set actors' characteristics
When you hit this button, your will be asked:
List of actors: type 't' to import 'actlist.csv' or 'i' for interactive mode:
you can create your own actlist.csv (following the OUTPUTS/EXAMPLE_actlist.csv template) inside
the OUTPUTS folder and import it, or you can enter the actors individually at the command line. Since
actors must be associated with a region map, the script will check if step 1 “import region maps” has
been undertaken successfully. If not, you won't be able to continue. Just go back and do step 1 first,
and then try again. You will then be asked to rate the actors characteristics respect to the
implementation of the land uses you have associated with the actors in the import land use dialog.
These values will be used to create actor suitability maps that will affect the spatial location of the
associated uses. This is very useful if you are working with several municipalities or regions, since the
regions whose actors are most strongly in favour will get the new land uses in preference to the
others4
Once the actor characteristics have been set and the transition potential map generated
(actormapsTTPs), the values selected (stored as a table called “actorchars” in the workspace) will be
written to OUTPUTS/actorchars.csv. The values assigned to these characteristics assigned (stored as
a table called “actorcharsvals” in the workspace) will be written to OUTPUTS/actorcharvals.csv.
print(actorcharvals)
write.csv(actorcharvals, file = "OUTPUTS/actorcharvals.csv")
How to calibrate the neighbourhood effect
To modify the cell neighbourhood attraction and repulsion effects, click on “4.Calibrate
Neighbourhood”. This script works fine but doesn't exit cleanly, so when you finish, just hit enter in the
R window and “cancel” if you are given an exit dialog.
Choose the land use_to_land use matrix you want to
modify from the list, and hit “e” to change the matrix. In the
neighbourhood dialogue (below), choose the
neighbourhood size you want (2 or 3 is a good starting
point), and enter the values separated by commas for the
influence at each cell distance. There must be one more
influence value than nsize, since the first value is for
distance 0 (on the cell itself). At left is an example rule for
the attractiveness of urban land to natural land.

4

Of course, if you are working with only one region, even if all actors are against implementation of these uses, the transition
potentials will be very low, but those uses will still be implemented as long as there is existing demand in the model. This is not
very realistic of course, so we need to use these results to modify the demand too. [This wouldn't work for the calibration phase
of course...]

The first land use listed after the word “mat” is the active use; i.e. the one that will occupy the other. In
the example model, only nat, agr, urb, solar and wind are active uses, so don't modify any rules that
don't begin “mat_nat”, “mat_agr”,“mat_urb”, mat_solar” or mat_wind”, or whatever your active uses are
called. Obviously, if you don't want your land use to occupy other land uses, don't set any rules for
these uses, except for the land use to itself. It is important to include rules for an active use to the
same active use of the form 100,1,0 (high values at distance 0 declining rapidly at close distances) so
that a land use's existing location in one timestep is by default more attractive than other locations.
Failure to do this will result in so-called “Macbeth transitions” where land uses leave their original
locations and seem to walk across the map as the simulation progresses.
Once you've finished modifying a neighbourhood rule, hit “q” in the on-screen dialog and the model will
be saved in its current state, incorporating the new rule, in the file “project_nrules.Rdata”. Also, a
graph displaying the new rules will be written to the NHOOD directory as a .png file.
To see the result of the rule change, run the simulation. At present, solar is attracted to urban land, as
can be seen in the simulation results. All model results are output to the OUPUTS file. The images of
each simulation are stored in the OUTPUTS/animation directory.
To experiment with allocating lots of land use for fun, change the annual demands (e.g. andem3 =
annual demand for land use 3). Only change land active land use demands - 3,4, and 5 (urban, solar,
wind). e.g.
> andem3 <- 350 #will allocate 350 extra cells of land every year for land use 3 (urban).
If you want to know the current demand settings, just call up the land use table
> tablu1
at each step of the model, the number of cells corresponding to each land use in the first map (2007 in
this case) plus the annual increment will be allocated. e.g. demand3 + andem3 for land use 3. The
annual demand is simply the difference between the number of cells in map1 and map 2 divided by
the number of years. To simulate future change, “demand” for each use is set to the number of cells
for that use last map (2012), and annual demand for each successive year is computed according to
values chose by the user.
Calibrate accessibility
To calibrate accessibility, you need to create a map in .asc raster file format of euclidean (straight line)
distances from features for each accessibility type, e.g. roads, rail, electric lines. This is easy to do in
GIS. There are examples in the relevant subfolders of the ASCII directory. All the ascii distance maps
should be in the same directory. When the calibrate accessibility button is clicked, you will be
prompted for the location containing these maps, which will be imported to the workspace and plotted
in the graphics display (right). A list box will appear at the same time containing the passive and
active land use classes (right). Select the land use for which you want to set accessibility. There is no
need to set accessibility for all land uses (in fact, it's usually better not to), and there is no need to do it
in any order.
Once the desired land
use is selected, it will be
plotted in the display,
and a message will
appear at the command
prompt:
“s to set accessibility for
this land use, l to return
to the list, q to exit... ”
if s is chosen, the set
accessibility dialog will
appear (below):
In this dialog, enter the
breakpoints
and
influence values for the
land use class chosen
for each accessibility
distance map in the
form startval, endval,
influence value. There is
no need to use values
higher than one, but no
harm in doing so either,
since all values are

unity normalized later. Hit the “Get min/max” button to display the minimum and maximum values for
the maps. For example, for the dist_elec map shown, with minimum distances of 0 and maxiumum
distances of 64051.53, a suitable rule might be:
-Inf, 1,1,1,100,0.9, 100,500,0.8,500,2000,0.7,
2000,4000,0.6,4000,5000,0.5,5000,Inf,0
remember to use -Inf and Inf to ensure that you always include the lower and
upper bounds.
The weight dialogue controls the relative importance of each accessibility type
to that particular land use class. For example, for wind turbines, rail networks
might be significant (for transport of parts), but roads are probably more
important for servicing and general access, while the electric grid is of
fundamental importance since it is unlikely that new turbines will be installed far
from an existing supply line. So rail might be given weight 1, road weight 5, and
electric weight 10.
Once you are happy that you have set accessibility correctly, hit Submit and
continue for each accessibility map.
If an accessibility map is not important or not significant for a particular land use
class, just enter “1” in the “Enter breakpoints..” box and hit submit. This
accessibility type will be set to 1 (no effect) for this land use. Once you have set
values for all of the accessibility maps, the dialogue will disappear and you will
be returned to the command line prompt where you can return to the land use
list if necessary and set accessibility values for another land use class if
required. Hitting q for quit exists the dialog and saves the workspace as
"project_acc.Rdata”
Once you have finished, it's a good idea to plot the accessibility maps on
screen e.g. plot(urb_acc) just to check that they have been generated correctly,
If you get a blank map, something went wrong. If you get a yellow map with all
values as 1, that just means that no accessibility values have been set for that
land use (but the model will work fine).
Calibrate suitability
To calibrate suitability, the procedure to follow is identical as for accessibility,
above. The first step, as above, ias to import the suitability base maps, which
would normally be raw data values (unclassified) for the desired suitability
variable e.g. elevation, slope. Note that, if desired, preclassified maps can also
be used. E.g for slope, either the actual slope map in degrees or % (e.g. min 0,
max 34.5 degrees) or the slope map reclassified into categories (e.g. min 1,
max 5, where 1 is least sloping and 5 is most sloping) are both acceptable – in
either case the user will be asked to assign to suitability values from 0 to 1 in
the set suitability dialogue. In this dialogue (right), the procedure to follow is
identical as for accessibility, except that there is no “weight” option.
Once suitability has been set for all desired suitability classes for each land
use, the final suitabilty map will be displayed and the suitability information
table will be shown in the command window. Once suitability has been set for
all desired land uses, enter “q” to quit the suitability tool and the workspace will
be saved as “project_suit.Rdata.”
Once you have finished, as above for accessibility, it's a good idea to plot the
suitability maps on screen e.g. plot(urb_suit) just to check that they have been
generated correctly, If you get a blank map, something went wrong. If you get
a yellow map with all values as 1, that just means that no suitabilty values
have been set for that land use (but the model will work fine).
Calibrate zoning
The zoning calibration procedure is virtually identical to that described for
accessibility and suitability, above. This dialogue is simpler than the others, it
is only necessary to specify the level of restriction appropriate to each map
and whether to include the map or not (1 or 0) for the given land use. Strictly
restricted areas will not be changed, Weakly restricted areas have lower

probability of change (reduced by a factor of 10), and Permitted areas will be no different than areas
with no zoning assigned.
Preparing to run the model
Once all parameters have been set the model can be run. First, however, it is strongly recommended
to run the cleaner script5 to remove temporary files created during the calibration phase, e.g.
> source(“ALLOCATOR/cleaner.R”)
Once the cleaner script has been run issue command ls() to check that all necessary system files are
available for the model to be run. The system files will be the names of each land use (e.g., urb, nat,
agr), and their extensions for the various blocks (mat_, _acc, _suit). To run the model correctly
startyear, endyear, startlist, lastcat, ext, lu1, lu2 (land use maps), national, regional, localm (region
maps) and all the objects prefixed “demand” and “andem” (one for each land use) are needed as well
as the dataframes tablu1 and statvals. The dataframes actorchars, actorcharvals, suitinftab and
accinftab are not needed to run the model but may be useful for your info. Just type the name of the
variable to view them in the workspace (e.g. actorchars). Finally breakpoints and colors are needed for
plotting. Remember that if you have modified lines 63-65 of the START/startlu.R script AFTER running
the import land use maps tool in step 2, you need to paste these lines into the command prompt to
execute them and overwrite the old values for colors and breakpoints.
Running the model
When you are ready to run the model (i.e. you have been through steps 1-6 succcessfully, you have
cleaned up the workspace with the cleaner script and you are happy with the land use map color
legend, hit “7. Run model”. If the model runs successfully, the end year and the simulation of the same
map will be plotted side by side. The OUTPUTS directory will contain a .png file of each simulated
year and an ascii raster map of each simulated year.
Troubleshooting
If the allocation is not what you are expecting, your first point of call should be the total transition
potential (TTP) maps for each land use. Note that you will only be able to see the final TTP maps (i.e.
for the last interation). These are available in the workspace as a raster stack called TTPS, and can be
plotted together, by typing simply “plot(TTPs)”. They are also available individually, named
TTP_<landuse>. Usually if something has gone wrong at the calibration stage, one or more of these
maps map be blank. A typical problem is entering an invalid character somewhere in the set
accessibility or set suitability dialogue, which may not throw an error, but generate a null result. For
this reason it's recommended to plot the suitability and accessibility maps on screen e.g. plot(urb_suit)
after running these tools (see above) to ensure that the maps have been properly generated.
4. How to run a future simulation
Assuming you have a calibrated model, either by loading the example or by calibrating the model from
scratch in section 3, above, you will want to go to the next step and see how the land change
tendencies you have established in the calibration phase (which hopefully are a good fit to your
second land use map) play out at a hypothetical future date. To do this you need to do 4 things:
Set a new startyear and endyear:
> startyear
[1] 2007
> endyear
[1] 2012
>
> startyear <- 2012
> endyear <- 2050
> startyear
[1] 2012
> endyear
[1] 2050
>

5

As this line has been incorporated into the allocator.R script this is no longer necessary. But it may be helpful for visualisation
purposes.

2. Import new start map (unless you want to run your simulation from your calibration startdate right
through to a later date). Looking at the existing maps:
> lu1
class
: RasterLayer
dimensions : 788, 735, 579180 (nrow, ncol, ncell)
resolution : 200, 200 (x, y)
extent
: 539000, 686000, 4639400, 4797000 (xmin, xmax, ymin, ymax)
coord. ref. : NA
data source : in memory
names
: F_lu07
values
: 1, 7 (min, max)
> lu2
class
: RasterLayer
dimensions : 788, 735, 579180 (nrow, ncol, ncell)
resolution : 200, 200 (x, y)
extent
: 539000, 686000, 4639400, 4797000 (xmin, xmax, ymin, ymax)
coord. ref. : NA
data source : in memory
names
: F_lu12
values
: 1, 7 (min, max)
We see that we can use the existing lu2 map (2012)
> oldlu1 <- lu1 #keep a copy of it just in case...
> lu1 <- lu2 #VERY IMPORTANT that the new map you want to use as a start date is called lu1.
3. Change the starting demand (“demand<somenumber>, where <somenumber> is the the value in
column LU_cat in the land use table “tablu1”) to match the starting map. In this case, since we will
used land use in 2012 as the start map, we need to set the demand to the amount of cells of that land
use in 2012. We can do this with reference to our original land use table, “tablu1”
> tablu1
LU_cat demand_2007 demand_2012 landuse status actor_influence
1
1
149089
149237 nat
p
0
2
2
101092
100814 agr
p
0
3
3
7416
7456 urb
a
0
4
4
84
233 solar
a
1
5
5
117
117 wind
a
1
6
6
2015
1958 water
s
0
7
7
319367
319366 outside
s
0
First, check that the demand already set corresponds to the value for our original map in tablu1
> demand1
[1] 149089
> demand2
[1] 101092
> demand3
[1] 7416
> demand4
[1] 84
> demand5
[1] 117
> demand6
[1] 2015
> demand7
[1] 319367
then modify the demand to match the value for 2012, e.g.
> demand1 <- 149237
> demand1
[1] 149237

and so on...
4. Finally, check the annual demand (“andem<somenumber>, where <somenumber> is the the value
in column LU_cat in the land use table “tablu1”).
> andem1
[1] 29.6
> andem2
[1] -55.6
> andem3
[1] 8
> andem4
[1] 29.8
> andem5
[1] 0
> andem6
[1] -11.4
> andem7
[1] -0.2
When the model runs, the total number of cells to be allocated for each land use at a particular
timestep is created by:
round(demand",j,"+(andem",j,"*ii),0)
To see how this works, consider the following example. The variable demand3 gives the initial demand
for urban land use, and andem3 gives the annual demand increment for urban land use. That means
that in timestep 2, for example, the model will allocate 7472 cells of urban land (7456 + (8*2)) and in
timestep 4, for example, the model will allocate 7488 (7456 + (8*4)) cells of urban land.
Since the model must always allocate this demand somewhere, as long as there is space in the
model, the active uses, (for which the user has set neighbourhood rules that occupy other land uses),
will be allocated to their full required demand. The active uses with the highest transition potentials will
take over other active land uses with lower transition potentials according to the defined
neighbourhood rules.
For the initial future simulations, it is recommended not to change the values for “andem”. This allows
us to see how the land change tendencies observed in the calibration period play out in future.
Finally, to run the simulation, make sure the preparation work is complete (see section 2) and then hit
“Run Model” on the switchboard, or enter
>source(“ALLOCATOR/allocator.R”)
The simulation image files (png) and raster maps will be created in the OUTPUTS directory.
The final simulation map is always called:
sim_<endyear>
so, in our case, we can plot the map to the display with “plot(sim_2050)” and examine at the cell
frequency for the simulation with “freq(sim_2050)”.
Have fun!
Richard Hewitt, November 6th 2015

