Chapter 10

The Influence of Scale in LULC Modeling.
A Comparison Between Two

Different LULC Maps (SIOSE

and CORINE)

D. Garcia-Alvarez

Abstract Scale is one of the most interesting issues in land change science.
Although much research has been done on this topic, our understanding of its
effects on data and models is still sketchy. We therefore decided to investigate how
cartographic scale and minimum mapping unit (MMU) influence modeling results,
for which purpose we chose a heterogeneous, dynamic study area in central
Asturias (Spain). As opposed to most of the literature on this subject, which focuses
on the grain component of scale comparing the same map resampled at different
spatial resolutions, we used two different land use and land cover (LULC) maps
(SIOSE and CORINE) at different resolutions (12.5 and 50 m) and with minimum
mapping units of 0.5-2 and 25 ha respectively. We compared the input and sim-
ulated maps using spatial metrics and the matrix proposed by Pontius and Millones
to find out the quantity and allocation disagreement. The results can provide a better
understanding of the implications of the choice of input maps in LULC modeling.

Keywords Scale - LULC modeling - CORINE - SIOSE - Minimum mapping unit

1 Introduction

Scale has been described as a priority topic of research in relation to spatial
information analysis and representation (Turner et al. 1989; Quattrochi and
Goodchild 1997b; Castilla et al. 2009) and in modeling issues (Ménard and
Marceau 2005; Lesschen et al. 2005; Houet et al. 2010; van Delden et al. 2011;
Committee on Needs and Research Requirements for Land Change Modeling et al.
2014). Mike Goodchild (2001) even went so far as to say that “scale is perhaps the
most important topic of geographical information science”, and to view scale as a
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science in itself (Quattrochi and Goodchild 1997a; Wu and Qi 2000; Quattrochi
et al. 2001).

Scale can be understood in a wide variety of ways (Lam and Quattrochi 1992;
Wu 2004; Ménard and Marceau 2005), such as cartographic scale (ratio), obser-
vational or geographical scale (map size or study area size) or operational scale
(scale at which certain processes operate in the environment). When we talk about
scale we may also be referring to the level of detail represented in a map (Agarwal
et al. 2002; Verburg et al. 2004). There is also the relation between scale and
spatial, temporal and thematic resolution. Some researchers refer to this as spatial
scale (spatial resolution) or temporal scale (temporal resolution) (O’Sullivan and
Perry 2013).

When assessing the relation between scale and spatial resolution, a key concept
is the minimum mapping unit (MMU)), i.e. the minimum area of the smallest unit in
a map. This will be smaller at fine scales and bigger at coarse scales. Castilla et al.
(2009) considered the MMU to be an important parameter, which should be
included in the concept of scale together with thematic resolution, while Saura
(2002) stressed its importance in the variance of spatial data representation.

The main objective of this chapter is to analyse how the scale of the selected
LULC (Land Use Land Cover) maps can affect modeling. This involves analysing
how scale can cause maps to show different information and studying the ways in
which model behaviour varies depending on the data detail (MMU). In order to
achieve these objectives, we compared two LULC maps (SIOSE and CORINE)
with different cartographic scales (1:25,000 vs. 1.100,000) and different MMU
(0.2-2 ha vs. 25 ha).

The chapter is divided into five main sections. After an initial introduction, the
second section describes the study area and data sets. Section 3 explains how we
adjusted the LULC maps to obtain two comparable sources and then goes on to
describe the model we used and how it was calibrated. It also has a short intro-
duction to the methods we used in the analysis and assessment of data. In section
four we present the results and in section five we discuss the main findings of the
research.

2 Test Area and Data Sets

2.1 Test Area

Our chosen study area was the Asturias Central Area, which as its name suggests, is
in the centre of the Asturias region, in northern Spain (Fig. 1). Although from a
geographical point of view it is not a coherent homogeneous space that is clearly
differentiated from its surroundings, there is a functional link between its different
component parts (Fernandez Garcia et al. 2007; Carrero de Roa 2012) and as a
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Fig. 1 Map showing the location of the Asturias Central Area (2015). Source National
Topographic Map 1:200,000, DEM 25 m (National Geographic Institute)

result it has been declared a special planning area within the Asturias Territorial
Plan (Directrices Regionales de Ordenacion del Territorio).

Most of the LULC (Land Use Land Cover) changes taking place in Asturias are
represented in this Central Area. These changes are essentially rural-urban and
rural-industrial, and take place in the main centres of economic activity. Within the
study area there are several sub-areas with a specific economic profile (Rodriguez
Gutiérrez et al. 2009), which are therefore affected by specific LULC dynamics. For
the whole study area, transport infrastructures, and above all roads, are the main
drivers of change.

2.2 Data Sets

We selected CORINE and SIOSE as our two data sets (Fig. 2). CORINE
(Coordination of Information on the Environment) is a well-known LULC resource
that has often been used in modeling studies (Verburg and Overmars 2009;
Camacho Olmedo et al. 2013; Renwick et al. 2013). It is updated every six years
and covers most European Union countries. This standardized approach allows
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Fig. 2 LULC for an example area (Lugones-Llanera) as represented by SIOSE (leff) and
CORINE (right). This area is one of the most dynamic spaces in the study area

users to make comparison studies across the EU. Nevertheless, some authors have
noted that each member state has its own CORINE team applying slightly different
criteria, each of which has produced a CORINE map with a different validity rate
(Waser and Schwarz 2006).

The CORINE scale of reference is 1:100,000. It has a minimum mapping unit
(MMU) of 25 ha and a minimum polygon width (MPW) (minimum distance
between two polygon sides) of 100 m. As a general rule, only changes affecting
areas of over 5 ha are drawn. The final product is a map made by photointerpre-
tation in which each polygon is assigned to a single category (classification system)
(Hernandez 2016).

CORINE is very useful for studies at regional and national levels. However,
when studying urban land covers with complex patterns and a heterogeneous
nature, this scale may be insufficient (Antrop 2004; Herold et al. 2005). This is also
true for studies which require more detailed analysis (Chas-amil and Touza 2015),
especially those focusing on local or sub-regional areas.

SIOSE (Sistema de Informacion sobre Ocupacion del Suelo de Esparia—
Information System about Land Cover in Spain) is an LULC map made at a scale of
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1:25,000. This allows for more detail, with a MMU of between 0.5 and 2 ha
depending on the particular land cover (e.g. 0.5 ha for wetlands, 1 ha for urban
areas and 2 ha for forests). The MPW in SIOSE is 15 m. Nevertheless, in certain
cases SIOSE accepts even lower widths and areas below the specified minimum.
This is very important because it makes a big difference in the spatial representation
of the terrain, allowing infrastructures such as roads to be represented on the
map. These infrastructures create barriers that produce additional divisions of the
covers that cannot be seen on maps at smaller scales. When updating SIOSE maps,
small changes affecting areas of less than 0.4 ha are not included.

The SIOSE data set has two different parts. Firstly, a polygon map which marks
out homogeneous areas with similar characteristics (either single categories or
mosaics of various different categories) and secondly, a database which compiles all
the land cover information for each polygon without scale restrictions, i.e. each
polygon has a log in the database where the different land covers that make up the
polygon and their proportions are registered. This database model is called
Application Schema (ISO 19101) (ISO/IEC 2014) and this way of gathering
information is known as a description system (Hernandez 2016).

One of the main advantages of the SIOSE database model is the enormous detail
it provides about the earth’s surface. Nevertheless, this wealth of detailed infor-
mation must be generalized in order to produce a map in which each polygon is
allocated to a single class or category, i.e. to move from a description system to a
classification system. The resulting map will vary according to the thresholds we
use in the generalization process. This introduces uncertainty in the analysis that
must be addressed in further research.

Since 2012 the Spanish CORINE has been obtained from a generalization of
SIOSE. The new CORINE production method has caused important changes in the
CORINE map, which has many striking differences from the previous version
(2006). Every time CORINE is updated, the previous map is reviewed. Hence with
the updating of CORINE in 2012, the National Geographic Institute of Spain
produced a new version of CORINE 2006 that is coherent with CORINE 2012, so
enabling comparisons to be made. However, as SIOSE only started in 2005, this
retroactive adjustment of CORINE cannot be performed for earlier versions,
making it impossible to analyse change over longer periods (from 1990 to 2012).

Both data sets are vector data, which must be rasterized to be used as input in the
chosen model (Dinamica EGO). Vector data allows for more precise feature allo-
cation, but modeling is more difficult in this structure because each spatial entity has
a different shape and form; e.g. computing neighbourhood interactions is much
more complex than with rasters, characterized by a simple, regular shape (Burrough
et al. 2015).

In our case study, we have selected the two dates for which both maps were
available: 2005-2006 and 2011-2012. As CORINE has been generalized from
SIOSE for both these dates, the baseline information is the same for both maps.
This enables us to compare the two maps and analyse the changes in Land Use
Cover over this period.
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Summarizing, the uncertainty arising from the use of diverse data sets is
dependent on the following variables: cartographic scale, minimum mapping unit,
generalization process and dates.

3 Methodology

We began by adjusting the two data sets (SIOSE and CORINE) to produce two
comparable LULC maps with the same legend (see Fig. 3). These maps were then
compared to identify any differences between them. Once we had obtained the
model inputs, one model was calibrated for each input map using criteria based on
expert knowledge. Finally, both models were run to obtain a simulation for the year
2020. Differences between the two simulations were analysed and compared with
real changes over the calibration period (2005-2011).

3.1 Data Set Processing

SIOSE and CORINE were adjusted to make them comparable (same legend). The
legend we chose is a slight modification of the Level 3 CORINE legend, which we
simplified in order to focus on the most important types of cover in the study area.

As SIOSE was designed to serve as a basis for the production of CORINE by
generalization, there are no significant problems in the equivalence between the two
legends; each SIOSE category fits well with the meaning of broader categories in
CORINE. The associations between the categories on the two maps were made in
accordance with similar category meanings. The definitions of the categories were
obtained from the technical guide.

CORINE
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Fig. 3 Flowchart of the methodological procedure we followed to produce two calibrated models,
one for each input map (SIOSE and CORINE)
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The most crucial step in the processing of the data sets was the generation of a
SIOSE map from the numerical information provided in the SIOSE database, that
is, the respective proportions of each of the categories that make up each polygon.
We have established a set of rules which, for each land cover, establish the
thresholds above which a specific proportion of land cover or an association of
several land covers with different proportions can be given an individual label (e.g.
when three quarters of a polygon is occupied by a particular LULC category, the
entire polygon will be allocated to this category).

The final step in the data set treatment was the rasterization of the maps, given
that modeling software requires raster data. We chose the resolution following the
method established by Tomislav Hengl (2006). Bearing in mind the cartographic
scales of the reference maps (1:25,000 and 1:100,000) we opted for a resolution of
12.5 m for SIOSE and 50 m for CORINE.

All this data set processing inevitably introduces uncertainty into the analysis.
Even the choice of legend can affect the results of the model (Dietzel and Clarke
2006; Conway 2009). However, this question would be best addressed in additional
future research. We have tried to maintain the maximum thematic detail by
avoiding introducing external factors (such as thematic resolution) into the analysis.

The vector to raster conversion has also introduced new uncertainty. Comparison
of the final raster maps with the vector data has shown a maximum difference per
category of 7.6 ha for SIOSE and 22 ha for CORINE, with a mean difference of
3.9 and 1.3 ha respectively. This uncertainty is minimal, although some studies
have also noted the important influence of rasterization in the analysed pattern
(Dendoncker et al. 2008). Finally, the way we processed the SIOSE maps (gen-
eralization) also introduced additional uncertainties.

It is therefore necessary to compare the two input maps in order to distinguish
their initial differences from the simulations, differences caused by the fact that the
model behaves differently depending on the specific data set being modelled. This
analysis was carried out for maps for 2011-12 according to methods explained at
the end of this section (Data analysis and assessment).

3.2 Modeling

3.2.1 Modeling Framework

We used the DINAMICA EGO software, which has been widely tried and tested in
recent modeling research (Maeda et al. 2011; Ahmed and Bramley 2015).
Furthermore, several model comparison studies praised DINAMICA’s architecture
and flexibility (Mas et al. 2011; Pérez-Vega et al. 2012; Mas et al. 2014).

It is a stochastic cellular automata model that models transitions through two
different functions: expander and patcher. The expander function models new pixels
as an expansion of previous patches, whereas the patcher function models one or
several new pixels as a new patch for the category. In addition, the model uses the
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weights of evidence method to produce a probability map of occurrence for each
transition. More information about the components of the model and its charac-
teristics can be found in Soares et al. (2002). It is compared with other models in
Follador et al. (2008) and in the technical notes at the end of this book.

3.2.2 Model Calibration and Simulation

We set up two models (Fig. 3), one for each of the LULC maps we compared
(SIOSE and CORINE). These maps were calibrated against real data for the period
2005-06 — 2011-12, the only available dates. The model then ran a simulation up to
the year 2020, which fits well with the short calibration period (six years).

The land covers modelled were the most dynamic artificial (soil-sealing) covers
in the study area. We selected the most significant transitions (i.e. those affecting
the largest areas of land) during the calibration period (2005-06 — 2011-2012).
Usually, a threshold of 10 ha was applied. Different transitions were selected for
each model because of the different input maps (SIOSE and CORINE). These
measure a different amount of change between categories.

Transition rates were computed by Dinamica Ego using a Markov matrix, which
was obtained by comparing LULC maps for the selected dates (2005-06 —
2011-12). Since each pair of LULC maps measure a different amount of change, the
transition rates are also dissimilar.

For each transition, we chose a set of driving forces according to information
collected in interviews with experts in this field together with information provided
by academic studies about the study area (Fernandez Garcia et al. 2007; Rodriguez
Gutiérrez et al. 2009; Alonso Ibanez and Pérez Fernandez 2012). The selection of
explanatory variables was based on expert knowledge, methodological orientation
(Pontius Jr. et al. 2008) and the availability of data. Although the drivers were the
same for both models, when the source offered the same data at different scales we
created separate variables according to the input data scale (Table 1). Therefore,
there are slight differences between the two models because of the different scale
used in these separate variables.

The models were calibrated using the Weights of Evidence method according to
the knowledge provided by the experts we interviewed and information from
previous research. When strange or incorrect behaviour was detected, we corrected
it manually. Variables with a correlation (Cramer’s Coefficient) greater than 0.5
were discarded according to thresholds established by similar studies (Quiroz
Ortufio 2009; Maeda et al. 2011).

The flexibility of the Dinamica modeling framework, which allows the user to
manually modify the calculated weights of evidence, enabled us to adjust the model
parameters in order to obtain the maximum similarity between the two simulations.
Thus, both models were run with the same weights of evidence, according to the
expert criteria.
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Table 1 List of drivers used in the two models

Source
Drivers SIOSE CORINE Year
Euclidean distance to regional roads NTN 1:25,000 NTM 1:100,000 2011
Euclidean distance to highways NTM 1:25,000 NTM 1:100,000 2011
Euclidean distance to train stations NTM 1:25,000 NTM 1:100,000 2011
Euclidean distance to residential buildings NTM 1:25,000 NTM 1:100,000 2011
Euclidean distance to industrial buildings NTM 1:25,000 NTM 1:100,000 2011
Euclidean distance to coastline NTM 1:25,000 NTM 1:25,000 2015
Euclidean distance to leisure facilities SIOSE CORINE 2011
Population density Basic geographical name index of 2011
Spain
Slopes DEM 5 m DEM 25 m 2015
Future road development NTM 1:100,000 NTM 1:100,000 2015
Rural settlements limits Asturias planning maps 2015
Urban settlements limits Asturias planning maps 2015
Building land Asturias planning maps 2015
Protected areas Asturias planning maps 2015
Mining area restructuring plans Asturias planning maps 2015
Substratum Geology Map 1:50,000 2015
Industrial ports NTM 1:100,000 2011

*NTM: National Topographic Map; DEM: Digital Elevation Model

The patcher and expander function parameters (proportion of changes simulated
as expansion, patch isometry and patch mean and variance) were established
according to the pattern of real changes in the calibration period.

Transition rates for the simulation year (2020) were modified (Table 2) in
accordance with the different trends of change forecast for the coming years
(economic crisis) in the study area by the experts we interviewed.

Summing up, the two models differ because of the transitions selected, the
transition rates (quantity of change), the input data (SIOSE and CORINE maps and
driving forces maps) and the expander and patcher parametrization (proportion of
changes simulated as expansion, patch isometry and patch mean and variance).
However, the land use change logic is the same for both models in that they follow
the same methodological procedure with the same drivers of change.

3.3 Data Analysis and Assessment

There is a great deal of academic research about scale and its influence on data. The
most frequently used methods include fractal analysis, local variance method,
variograms, wavelets or texture analysis methods (Cao and Siu-Ngan Lam 1997;
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Zong-Guo and Clarke 1997; Oliver 2001). Several studies have also used spatial
metrics (Saura 2002; Wu 2004; Uuemaa et al. 2005), which allow us to analyse the
effects of the scale of the input maps on the patterns being modelled. Numerous
validation techniques have also been created in modeling research (Paegelow et al.
2014). They usually compare simulated maps with real maps in order to assess the
fitness of the model. However, they can also be used to compare two maps and
highlight their differences. The method proposed by Pontius and Millones (2011) to
evaluate quantity and allocation disagreement is a good validation tool to analyse
the differences between two maps. It shows two types of error: quantity and allo-
cation (omission and commission) errors.

We compared the input maps (SIOSE and CORINE) and real (2005-6 —2011-12
cross tabulation) and simulated changes (2011-12 — 2020-21 cross tabulation).
When comparing the input maps, we only analysed the land covers that took part in
the modelled transitions. When comparing the changes, we only analysed the land
covers that are actively modelled (i.e. the categories allocated by the model).

Spatial metrics were calculated using FRAGSTATS 4.2 for the evaluation of the
pattern difference between input maps (SIOSE and CORINE maps) as well as for
the analysis of the pattern difference between real (2005-6 — 2011-12) and simu-
lated changes (2011-12 — 2020-21). The metrics were selected according to the
information that they provided, that is, according to the variability of their results.
These metrics are: Total Area, Number of Patches, Largest Patch Index, Weighted
Mean Patch Area, Area Coefficient of Variation, Mean Fractal Dimension,
Proportion of Like Adjacencies and Patch Cohesion Index. A detailed description
of each metric can be found in the FRAGSTATS help guide (McGarigal et al. 2015)
and in Leitdo et al. (2012).

The matrix proposed by Pontius and Millones was applied for the comparison of
input maps and simulated changes. The results highlight the differences between
simulations in terms of quantity and allocation disagreement compared with the
same disagreements between the SIOSE and CORINE maps.

4 Results

4.1 Quantity Disagreement

4.1.1 Input Maps

There is an important quantity disagreement between the input maps. This dis-
agreement varies from one category to the next, as shown in Fig. 4, where confusion
bars represent the confusion of one input map with regard to the other for each
category. Each confusion bar is divided into various sections, one for each category on
the map. Each section of the bar represents the proportion of pixels that are allocated
to a different category on the other map. When the section for any particular category
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Fig. 4 Agreement bars for input maps. The first bar depicts the overall components of agreement
between the two maps. The second bar depicts the SIOSE disagreements with regard to CORINE,
and the third bar depicts the CORINE disagreements with regard to SIOSE

(e.g. arable land) is larger on one confusion bar than on the other, this means that there
is a quantity disagreement, which is equal to the difference between the two sections
for that category. The rest of the disagreement is allocation disagreement.

These differences in quantities result from the fact that different minimum
mapping units (MMU) were used in the two input maps. When cartographic scale is
reduced and the MMU is bigger, the polygons that do not meet the mapping criteria
(MMU) must be absorbed by others with similar definitions (generalization process).

Categories with flexible definitions incorporate polygons from other categories
and increase their area (e.g. discontinuous urban fabric, forests) whereas categories
with rigid definitions lose polygons and their total area diminishes (e.g. areas with
sparse vegetation, dump sites). Jodo (2001) called this process “competition for
map space”. It results in a disproportionately high representation of categories with
flexible definitions and a low representation of categories with rigid definitions in
maps at smaller scales with bigger MMU.

The categories that absorb other categories during the generalization process are
different for the two input maps (e.g. arable land for CORINE and pastures for
SIOSE). This results in large quantity disagreements and allocation disagreements
between the maps. This disagreement can be attributed to the use of different criteria
in the generalization process for SIOSE (conducted by the author, as explained in
Sect. 3.1) and for CORINE (conducted by the National Geographic Institute of
Spain, as explained in Sect. 2.2).
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Fig. 5 Agreement bars for simulated changes. The first bar depicts the overall components of
agreement between the two maps. The second bar depicts the CORINE simulation disagreements
with regard to the SIOSE simulation, and the third bar depicts the SIOSE simulation
disagreements with regard to the CORINE simulation

4.1.2 Simulated Changes

The simulated changes for the period 2011-12 — 2020-21 show a high degree of
quantity confusion as illustrated in the bar chart below (Fig. 5). The simulated
changes are greater in SIOSE than in CORINE because when the two calibration
maps (2005-2006 and 2011-2012) were compared, there was a larger amount of
change in SIOSE than in CORINE. The MMU for SIOSE allows us to detect small
changes, in addition to the changes it also detects for CORINE. In consequence, the
transition rates (Markov matrix obtained through comparison of the input maps) are
greater for SIOSE than for CORINE.
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4.2 Allocation Disagreement

4.2.1 Input Maps

There is also a significant level of allocation disagreement between the input maps
that varies from one category to the next. Mixed categories (complex cultivation
patterns and land principally occupied by agriculture) show a high degree of error
(Fig. 6). Because of the vague definition of these categories, real covers labelled as
such are very different in the two input maps.

Allocation disagreement analysis also provides information about which cate-
gories are confused with the quantity disagreement of other categories. We
observed for example a relation in the error between pastures and arable lands and
between continuous and discontinuous urban fabric. Visual comparison of the two
LULC maps have proved this relation: some locations labelled as pastures in one
map are classified as arable lands in the other. The same relation can be observed
for continuous and discontinuous urban fabric. Therefore, the same covers are
assigned to different categories on each map.

The model was set up on the basis of the definitions of the categories and expert
knowledge. Same category definitions were considered independent of the model and
the same criteria were applied to them. Since the same categories do not represent the
same covers in both models, different results were expected in the simulations. e.g. we
used the same drivers for the transition from pastures to continuous urban fabric.
However, the land allocated to these two categories is different in the two input maps
(allocation disagreement in Fig. 6).
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Fig. 6 Agreement, quantity and allocation disagreement for categories in input maps (SIOSE and
CORINE)
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Fig. 7 Agreement bars per category for changes in SIOSE and CORINE simulations. SIOSE and
CORINE disagreements refer to changes simulated by each model that do not correspond to the
same change in the other model

4.2.2 Simulated Changes

The agreement between changes in the two simulations is minimum (Fig. 7) and
can be attributed purely to chance (Fig. 5). Most of the pixels allocated by the two
calibrated models are in different positions.

The disagreement is mostly (94% of total disagreement) related to persistence
(i.e. areas with no change) on the other map: 62% of the confusion in the SIOSE
simulation is with areas that do not change in the CORINE simulation, whereas
32% of the confusion in the CORINE simulation is with areas that do not change in
the SIOSE simulation (Fig. 5). This is because of the allocation disagreement
between input maps due to different category definitions, as pointed out in the
previous section. The candidate areas (i.e. those in which transition is possible) are
different in both models, whereas the drivers of change and therefore the candidate
areas in which change is most likely, are very similar.

4.3 Pattern Disagreement

4.3.1 Input Maps

As expected, fragmentation (the number of patches or polygons) is greater in
SIOSE than in CORINE (Table 3). The smaller the MMU, the higher the number of
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patches. And the higher the number of patches, the smaller the weighted mean area
(mean area corrected according to polygon size).

Therefore, SIOSE maps have more polygons and smaller polygons than
CORINE maps. In consequence, SIOSE has more potential pixels to be modelled as
an expansion of previous patches, whereas CORINE is more sensitive to the patcher
function. Any new patch modelled in CORINE should meet the MMU criteria. If
not, the simulation would result in a more fragmented landscape.

In short, in the case of input maps, more fragmented and complex patterns are
expected at larger scales. At these scales the land cover information resembles the
real situation more closely. This means that the SIOSE maps are more realistic, but
also more complex and there is no relation between complexity and the
good performance of the model (Clarke 2004; Wainwright and Mulligan 2013).

4.3.2 Simulated and Real Changes

Real changes (2005-6—2011-12) and simulated changes (2011-12—2020-21)
show a different pattern. While the effect of MMU is evident in real changes (fewer
and larger changing patches for CORINE), it is practically non-existent in the
simulations. The number of CORINE patches increases with the simulation whereas
the number of SIOSE patches falls (Table 4).

The proportion of like adjacencies and patch cohesion index, which measure the
grouping of patches that belong to the same class (McGarigal et al. 2015), also
show different results. Simulated changes are more disaggregated than real changes,
especially in the CORINE simulation.

These different patterns between simulated and real changes are a consequence of
the logic of the model. The pixel is the essential unit of work of any raster LULC
model, such that the location of the first change simulated will be the most suitable
pixel for each specific transition. The pixel area is much smaller than the MMU
(156 m? vs. 0.2-0.5 ha in SIOSE and 0.25 ha vs. 25 ha in CORINE). The simulated
changes will therefore be characterized by smaller (area-weighted mean patch area),
more poorly connected patches (proportion of like adjacencies and patch cohesion
index), when compared with the real changes, which are affected by the MMU rules.

The bigger the contrast between the MMU and the spatial resolution (pixel size),
the more evident the fragmentation in the simulation. This means that compact
input maps are more sensitive to model allocation change than fragmented input
maps.

As regards the total area, in both cases, the proportion of modelled changes
compared to real changes (Table 4) is higher than the proportion of selected tran-
sition rates with regard to original rates (Table 2). This is due to the transition rates
function, which estimates the real changes through a Markov Matrix. This intro-
duces a new source of uncertainty into the model. The estimated changes are
different depending on the model and method used (Mas et al. 2011).
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5 Discussion

5.1 Data Sets Uncertainty

The study area can be displayed in very different ways depending on the carto-
graphic source used, even though they are apparently similar. Previous studies have
proved this by analysing several data sets for the same area (Waser and Schwarz
2006; Schmit et al. 2006; Chasamil and Touza 2015).

In our study case, SIOSE and CORINE showed big dissimilarities despite the
fact that one map was obtained from the other by generalization. The only differ-
ences between the input maps are the cartographic scale, minimum mapping unit
(MMU), minimum polygon width (MPW) and generalization criteria. It is these
factors therefore that cause the maps to provide dissimilar information.

More transparency is required with regard to the generalization process used in
CORINE. Although we have based our SIOSE generalization on CORINE class
definitions, as described in its technical specifications, important disagreements
appear due to the different generalization criteria. More information about how
CORINE was obtained from SIOSE would result in more correspondence between
the two maps.

Uncertainty analysis of the input data should be a critical step in modeling
research, as shown by Verburg et al. (2011) and Pai and Saraswat (2013).
Nevertheless, when addressing this problem of uncertainty, researchers usually
present accuracy rates obtained by error analysis based on data gathered in the field.
These general rates can vary widely across local areas and categories. This means
that the extent and the thematic resolution of the analysis must be chosen carefully.

In our study case, most of the errors come from confusion between the following
classes: scrub and grasslands; pastures and agricultural areas; and continuous and
discontinuous urban fabric. A simplified legend which grouped these categories
together into larger, more broadly-defined classes would remove these errors. This
confirms the ideas of Verstegen et al. (2012), who pointed out that uncertainty is
usually lower at coarser scales since local changes are omitted. Given that some
level of generalization is always needed because of the impossibility of representing
the real situation exactly on a scale map, it is sometimes better for input maps to
ensure greater accuracy even if this means less detail. Hence, smaller scales and
bigger MMU are sometimes preferable.

5.2 Model Parameters

Maps at finer scales (smaller MMU) provide more detailed information and, ergo,
show more changes. Consequently, different rates of change and potential transi-
tions are obtained. Similar results have been noted for the analysis of other
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components of scale such as extent (Bhatti et al. 2015) or thematic resolution
(Pontius Jr and Malizia 2004; Conway 2009).

Fine scale maps can be useful for local studies, because they provide essential
detailed information about local dynamics (Wang and Marceau 2013; Zhao 2013).
However, the probability of error as noise in maps at finer scales is higher. The
probability of introducing this noise into the model is also greater (Blanchard et al.
2015).

At finer scales, transitions rarely occur alone and different processes or transi-
tions happen simultaneously (Wang and Marceau 2013). The patterns of change are
also more complex. This makes calibration of the model more challenging and
errors more likely. Sometimes simpler models work better (Clarke 2004;
Wainwright and Mulligan 2015). In fact, if the drivers of change are simple and we
cannot explain the local changes, as in SIOSE, input maps at coarser scales and
with bigger MMU are advisable.

Applying the same criteria to the two calibrated models results in different
simulated changes because the models do not show the same dynamics. More
detailed knowledge is required to enable the model to be properly calibrated with
SIOSE data since the experts only considered the main dynamics in the study area
and, therefore, ignored most of the small changes. However, CORINE mapping
rules do not fit well with the size of most of the changes in the area. Neither system
offers a perfect data set and consequently the modeller must try to strike a balance
between generality, precision and realism (O’Sullivan and Perry 2013).

Explanatory drivers of change vary with the scale (Verburg et al. 2003; Moreira
et al. 2009; Bhatti et al. 2015). However, in this case the two scales of analysis
(both local-regional) are too similar to be affected by contrasting driving forces.
Nonetheless, additional driving forces could be included in the model with SIOSE
as input maps because of the additional local processes involved in this model.

Explanatory factors were the same for both models and the maps were very
similar: same source but different scale. The variations resulting from these different
scales are essentially a question of the degree of precision in the location of attri-
butes. Consequently, the areas with the greatest transition potential for each land
cover are similar in both models despite the substantial differences in land cover
information. As a result, an area with high transition potential could be located
under a particular land cover in one model and under a different one in the other.
This results in significant incoherence between LULC maps and driving forces.
Making driver maps from LULC maps is an alternative way to achieve coherence in
the datasets that define the model. However, this would limit the variety of drivers.

5.3 Modelled Pattern

The changes in the LULC pattern are similar in both models, regardless of the
MMU. The simulated pattern is always more fragmented than the initial pattern and
this is more obvious when the pattern of the initial map is more compact.
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As explained in Sect. 4.3.2, model allocation function allocates changes as
pixels whereas input maps only measure changing polygons that meet the MMU
criteria. Input map resolutions do not fit the MMU rules. Consequently, the sim-
ulated landscape is more fragmented than the real one and this is clearer for the
CORINE simulation because of its larger MMU.

The patcher and expander functions of DINAMICA can be parametrized (mean
area and variance of simulated polygons) to achieve the simulation pattern we want.
Although some studies have proved effective (Soares-Filho et al. 2003), this did not
work in our study area. The transitions modelled are only possible when there is a
suitable area (obtained from the drivers) inside the polygons of the destination
category for the transition. If this happens, the model then considers the user’s
parameters. Suitable areas for specific transitions are going to be smaller in models
at large scales (smaller MMU) than in models at coarse scales (bigger MMU)
because of the respective size of the polygons in each model. It is therefore more
difficult to vary the modelled patterns in models with fine scales.

Finer resolution models show problems in the allocation process because real
changes tend to take place in a group of pixels. Models at coarser resolutions are
more suited to deal with these problems (Kocabas and Dragicevic 2006; Blanchard
et al. 2015). Thus, there is a relation between the behaviour we observed in our
models and their spatial resolution, which is related to the cartographic scale and
MMU of the input data. Although the rasterization method we followed (Hengl
2006) links the chosen spatial resolution with the cartographic scale and the MMU,
there is still an inconsistency between the two in the model. Some authors have
proposed patch-based models to solve this problem (Wang and Marceau 2013).
There is also a wide body of literature about spatial resolution influence in LULC
modeling (mainly CA-based models), which reaches similar conclusions (Marceau
et al. 2005; Pan et al. 2010; Blanchard et al. 2015).

5.4 Allocation Differences

Although one might imagine that the higher quantity of change detected by input
maps would result in a simulation that was closer to the true situation, this is not
always the case. The transition rates could result from changes caused by different
processes. However, the driving forces defining the most likely transition areas were
the same for both models. As a result, the model at finer scale (SIOSE) could
extrapolate changes from one process to changes from other processes, e.g. both
simulations allocated changes in ‘Dump sites’ in the area around the central dump in
Asturias, forecasting expansion of this dump. Over the calibration period CORINE
only detected changes in this area, while SIOSE also detected changes in other parts
of the study area, resulting from other processes such as road building works.
Regarding the spatial resolution, models at finer spatial resolutions simulate
more pixels than models at coarser spatial resolutions. This means that the possi-
bility of error in the two models is different. The larger the quantity of pixels to
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allocate, the more likely the model is to make a mistake. Validation is therefore
dependent on the spatial resolution of the model. We must not compare errors in
models with different spatial resolutions.

Finally, the difference between pixel-based modeling and MMU rules must also
be borne in mind in the validation step. Many models are validated by LULC maps
that follow MMU rules (Paegelow and Olmedo 2005; Pontius Jr. and Malanson
2005; Pérez-Vega et al. 2012). Changes that do not obey these rules do not appear
on the map. However, changes simulated by the model will be located in the most
suitable area, regardless of the minimum area of these changes. This means that real
changes could be considered as errors in validation analysis.

6 Conclusion and Outlook

Model results can vary greatly depending on the cartographic scale and minimum
mapping unit of the input data.

Most of the uncertainty comes from the differences between the input maps. The
choice of a suitable cartographic source is therefore crucial. In-depth research must
be done on this issue, comparing different cartographic sources and their influence
on land cover representation. Great care must also be taken with the generalization
of LULC maps, since most of their dissimilarities result from different general-
ization criteria.

Minimum mapping unit affects the quantities of change obtained and selected
transitions since maps with smaller MMU measure more changes and more varied
ones. This makes the resulting model more complex. If the user cannot manage this
complexity properly, it will produce more uncertainty, because most of the analysed
change is not interpreted in the model. Thus, the modeller must strike a balance
between model complexity and its explanatory power.

Modelled patterns are also dependent on spatial resolution. This is linked with
the minimum mapping unit: small MMU imply finer spatial resolution than larger
units. Big differences between pixel size and MMU result in more fragmented
scenarios. Patch-based models can be a solution to this problem.

Other components of scale, such as extent or thematic resolution, also influence
modeling results and changes in these components could help resolve some of the
problems we encountered, such as LULC input map disagreement. Therefore,
in-depth research must focus on the influence of scale in modeling and, especially,
on the relation between the different meanings of scale and their general influence
on modeling.
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