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EXTENDED ABSTRACT 

Land use and land cover (LUC) are key parameters 
within the hydrological cycle, the climate system 
and many other areas (e.g. food security, 
sustainable development). Today there is an 
increasing demand to obtain sound information 
about the future development of LUC. Climate 
modellers, hydrologists, landscape planners, 
decision makers need reliable scenarios for future 
development of LUC. Therefore different land use 
and land cover change models (LUCC) have been 
developed over the last 10 years. But most of them 
are difficult to use, not easy to extend or awkward 
to combine with other models.  

Before that background, the eXtendable Unified 
Land Use and land cover modelling platform 
(XULU) was developed as a generic framework 
which can be used for several model types (e.g. 
statistic dynamic, agent based) in miscellaneous 
scopes of application (e.g. regional LUCC, urban 
growth). XULU is realised as a stand-alone JAVA 
application with a universal graphical user 
interface (GUI) which provides the general 
features needed for modelling: data storage, I/O 
methods, visualisation and model flow control. 
With these components realised once, there is no 
need for model developers to implement their own 
(especially complex GUI programming). With 
XULU it is possible to combine different models 
(e.g. agent based and statistical approaches). 
Because using the same data basis time-consuming 
data conversion is not necessary.  

In XULU a model is implemented as a JAVA class. 
So the full power of this modern object-orientated 
programming language can be used for model 
implementations. To support model 
implementation for JAVA-unexercised users, 
XULU provides a little code generator which 
creates a source code frame of the necessary JAVA 
classes. 
One of the main issues of XULU is the plug-in 
based concept. New data types, I/O methods and 
visualisation tools can be integrated without 

changing the core XULU application. At present 
there are plug-ins to maintain and visualize raster 
and vector data, but with new plug-ins it is also 
possible to use XULU for completely other 
approaches than LUCC (e.g. economical 
problems). 

XULU was applied successfully for modelling 
LUCC in different scales in West Africa and 
Germany 

The current work is to integrate a Geo-Toolbox 
into XULU – especially a statistical module –, 
which supports data pre-processing directly in 
XULU. To reach a good performance also for 
complex models and big scenarios the 
parallelisation of model processes to several 
computers is part of the current activity, as well as 
the coupling of various independent models.  

. 
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1. INTRODUCTION 

Over the last decades large changes of the land use 
and land cover (LUCC) have been observed in 
many areas of the world (Lambin & Geist, 2006, 
Geist, 2006, Gutman et. al, 2004). This LUCC has 
significant impacts on the hydrological cycle, the 
climate system, socio-economic conditions and 
many other areas such as food security, sustainable 
development. This causes a strong demand in 
science, planning, politics and decision making to 
compute scenarios of the future state of land use 
and land cover for different boundary conditions. 
As a consequence numerous models to compute 
LUCC have been developed in the last decades. A 
wide variety of methods, complexity and demand 
for input parameters can be found. A good 
overview about available LUCC models can be 
found in U.S. EPA (2000).  

But most of the available models have limitations 
which are impedients for general application 
Hence the models are often not very user friendly, 
difficult to use and not well documented. 
Furthermore most of them are closed source, so it 
is not possible to control exactly how they produce 
the results (“black boxes”). As well it is not easy to 
extend or to combine them with other models 
(Briassoulis 2000). So specific problem orientated 
solutions can not be implemented quickly. Another 
problem is that the necessary input parameters 
have to be provided in complex file structures, 
where sometimes not even comment lines are 
allowed. So in general, the use of most of the up-
to-date LUCC models, is very time consuming and 
demands highly skilled experts with extensive 
experience. This is an unsatisfactory situation and 
a big hindrance for the general use of LUCC 
models. In non-scientific environments like 
government and development agencies the 
problem is even greater. 

2. GOALS 

Firstly, some background on the eXdendable 
Unified Land Use modelling platform. It was 
developed as a generic framework to compute 
scenarios of the future state of land use and land 
cover under different boundary conditions. It is 
independent from the spatial scale of the test areas. 
So it is possible to compute changes of vegetation 
in a field due to plant diseases as well as the 
deforestation in West-Africa. 

XULU should overcome most of the limitations of 
the models used up to now. It is user-friendly, well 
structured and flexible. From the beginning it was 
designed to be extendable. It should allow an 

integration of different types of LUCC or 
geographical models, even for persons with only 
limited programming skills. Even the coupling 
with other data bases and the use of XULU as 
decision support systems (DSS) ought to be 
possible. XULU should be open source and 
distributed widely, not only in the scientific 
community, where a lot of applications are 
possible, but in government departments, planning 
bureaus and developing agencies as well.  

3. METHOD 

When starting with a new (and often very simple) 
model idea, the model algorithm stands in the 
foreground of interest. Anticipating that the model 
idea could not succeed, spending time in complex 
GUI programming seems to be a waste of time in 
the first step of model realisation. But on the other 
hand: Without keeping model handling, usability 
and GUI in mind from the beginning of 
programming, in most cases it is very difficult or 
even impossible to realise it later. 

XULU is developed to balance the trade-off 
between easy and fast implementation for model 
developers on the one hand and comfortable 
usability for model (end-) users on the other hand. 

3.1. Separating model from application 

The first major goal of XULU is to make the work 
of model developers easier. This is reached by 
separating the model implementation1 from the 
generic XULU framework, which provides model 
independent the application functionalities that are 
usually the same for all models: 

• data maintenance (so-called: datapool) 
• I/O routines for data import and export 
• data structures and internal memory 

management 
• model flow control 
• data visualisation 

The XULU framework is implemented in JAVA 1.5 
and provides the fore mentioned functionalities in 
a generic and model-independent GUI application, 
so there is no need for model developers to spend 
time on them. Several models can be plugged into 
the framework at the same time. Therefore it is 
possible to combine different models and model 
types. Because all models are based on the same 
data structures and use the same datapool, the 
output of one model can be used immediately as 
input for another model. Time-consuming data 
conversion is not necessary. 

                                                           
1 short: model 
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In XULU a model is implemented as a JAVA class, 
so the full power of this modern object-orientated 
programming language and all its extensions can 
be used for model developing2. The model is 
integrated into the framework as a plug-in. 

Figure 1: Separation between the model 

implementations and the XULU framework. 

One benefit of this framework architecture is that 
the effort to implement a model is reduced 
essentially to the algorithm. And since the 
interface between the XULU framework and a 
model is designed very simply and reduced to a 
few functions the possible structure of the 
algorithm is not limited. 

The technical split between framework and model, 
also has some consequences for the interaction 
between model and framework: One major aspect 
is the data and memory management remain 
completely within the framework. The model only 
defines the algorithm and has no influence on the 
type of data source (ASCII raster file, TIFF file, 
local database, WMS3, …) or how the data are 
stored internally (completely in memory, dynamic 
reloading, …). Vice versa the framework only 

                                                           
2 XULU provides a little code generator to support 

JAVA-unversed developers; see 3.2 
3 WMS = Web Map Service 

holds a data object without information about its 
sage in the model algorithm. Therefore XULU 
does not differ between model input, output and 
temporary data. The model simply proclaims, 
which type of data – so-called model resources – is 
needed for the modelling procedure (especially for 
storing the output!). The user “creates” suitable 
data objects in the datapool, which afterwards are 
allocated to the model resources during 
initialisation phase (see Figure 2). Hence switching 
between different scenarios becomes very easy, in 
particular because various data sources can be 
used. The GUI needed for this resource mapping is 
completely generated by the XULU framework. 
There is no need for the model developer to 
implement a model specific GUI!4 

As a second consequence of the strict separation 
between model and framework is that the 
responsibility of data control remains completely 
in the hands of the framework and the user. After 
the model starts, it runs practically autonomously. 
In particular, it is not the model algorithm which 
defines, whether or when something happens to 
the data (e.g. visualisation or storage), but the user. 
XULU’s event concept only provides the 
possibility that the model initiates events on 
significant moments during the model algorithm 
procedure. These events allow the user to define 
event handlers which react automatically on model 
events during the run. Besides the freedom of 
choice the event concept is advantageous in terms 
of performance. For example, frequent data 
visualisation makes the model procedure slow and 
This is only necessary for evaluation, debugging or 
the presentation of cases. Often the user is only 
interested in a fast model run and the end result. 
XULU allows the user the possibility of switching 
between these conflicting cases on the front-end 

                                                           
4 An additional model specific GUI can also be 

added on, but it is not required. 

XULU creates GUI automatically 

Starting scenario: 

Output raster: 

Model steps: 

… 
… 

Model resource 1 
• data type; e.g. „raster“ 
• description; e.g.  

„Starting scenario“ 

Model resource N 
• data type; e.g. „raster“ 
• description; e.g. „Output 

raster“ 

Model specifies in/outputs User maps objects 
to model resources 

XULU-
Datenpool 

Figure 2: XULU encapsulates the model data in model resources, 
which are mapped to datapool objects by the user.  
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level without changing the model algorithm. 

3.2. Extensibility 

XULU follows the motto “Enhancements by 
extensions” in contrast to “Enhancements by 
changes”. So – as mentioned above – XULU is 
developed as an open and plug-in-based 
application. Besides the models, all main 
application functionalities (data types, I/O 
routines, visualisation tools) are integrated in the 
XULU framework as plug-ins. And because of the 
separation described in section 2.1 all extensions 
are immediately available to all models. 

In case of data types and I/O routines XULU 
follows the factory concept (Gamma 1998, Brügge 
& Dutoit 2004): In short this means that complex 
data types (e.g. memory critical type Raster) are 
specified by JAVA interfaces and their internal 
structure and organisation (e.g. memory resistant, 
tile loaded, database) is decided by a loading and 
storing factory. All components working with a 
data type (e.g. datapool, models) only know the 
interface methods and not the internal structure. So 
it is possible to switch to a more efficient data type 
only by changing or replacing the factory. 
Afterwards all components use the improved data 
type automatically, while remaining completely 
unchanged. 

The plug-in makes XULU very easy to extend and 
facilitates an independency from a specific model 
as well as a fixed field of application. Currently 

following plug-ins for LUCC modelling are 
realised: spatial data types for raster and vector 
data, I/O routines for shape files and different 
raster types (e.g. ASCII and GeoTIFF) and a layer-
based visualisation for raster and vector maps (see 
Figure 3). The latter is based on the free JAVA 
library GEOTOOLS (http://www.geotools.org). 
With some new plug-ins XULU can also be used 
in non-geographical fields (eg. growth of bacteria 
in Petri dishes). 

Programming JAVA classes for new model 
approaches can be difficult for inexperienced 
users. Therefore XULU provides a model code 
generator. By a GUI the user specifies the model 
resources and the variable names, which should be 
used in the source code. With this information, the 
code generator creates a compliable source code 
frame of the model class. The user only has to 
implement the model algorithm part manually. In 
future works the code generator should be 
extended to create also parts of the model 
algorithm, which can be specified interactively by 
the user. 

Besides the code generator, XULU supports the 
model implementation phase by another useful 
function. In contrast to the common (model) 
applications, in XULU it is possible, that changes 
of the model source code become effective during 
XULU runtime. After compiling, the model class 
can be reloaded in XULU. Because it is not 
necessary to restart the XULU application, reload 
data and reconfigure the model, this feature saves 

Figure 3. The main window of the XULU modelling platform and some visualised geo data 
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much time during the model evaluation and 
calibration phase. 

3.3. Working with XULU 

As shown in Figure 3, XULU is a stand-alone 
JAVA application with a user-friendly and clearly 
arranged GUI. The user has to load the necessary 
data object into the XULU datapool and allocate 
them to the individual model resources. This gives 
the user the freedom to choose, which data are 
used for modelling. Also switching between 
different scenarios is very comfortable. The user 
only has to change a resource entry in the XULU-
generated model GUI. The GUI automatically 
offers only the appropriate objects from the 
datapool. There is no need to restart XULU to start 
a new model run. Nevertheless according to the 
quantity of required model data, the loading and 
resource mapping procedure can be very time-
consuming for the user. At this point XULU 
supports the user with scripting functionality. 
Often required and time-consuming queues of data 
loadings and resource mappings can be defined in 
script files which can be run by mouse click.  

Even though it is a modelling framework and not a 
GIS application, XULU also provides some 
features for data pre-processing. With the plug-in 
raster calculator arithmetical and boolean rules (+, 
-, *, /, if then else, AND, OR, and other) can be 
evaluated on (and between) raster data from the 
datapool. Also the use of filter matrices is possible. 
The raster calculator is designed for the interactive 
use in the XULU framework, as well for the 
internal use within a model algorithm. 

4. USING XULU TO MODEL LAND USE 
LAND COVER CHANGE IN WEST 
AFRICA 

In IMPETUS (Integrative Management Project for 
an Sustainable and Efficient Use of Fresh Water), 
a big interdisciplinary project of the Universities 
Cologne and Bonn, which investigates the change 
in the hydrological cycle in West Africa and the 
therewith related changes in the ecosystem and the 
socio-economic conditions IMPETUS (2003), 
XULU was used to compute the future land use 
and land cover for different scenarios with their 
specific boundary conditions. The area of 
investigation is the catchment of the Upper 
Ouémé, which is located in the north west of 
Benin (latitude of the catchment from lat 8° 58’ N 
and 10° 11’ N, lon 1° 30’ E and 2° 47’ E) and 
covers an estimated area of 100 km x 100 km. The 
vegetation belongs to the transition between the 
southern Guniee and northern Sudanese one 
(Adjanohoun 1967) and is characterised by tree 

and scrub savannah with a high grassy 
understorey. Some patches of dense forest are 
found at special locations (soil, water availability). 
The population density is comparatively low with 
around 19 persons per square kilometre but strong 
immigration has been recorded (INSAE 2003). 
The main source of income is small-scale 
subsistence agriculture. The area has been subject 
to large changes in the land use and land cover 
over the last decade, caused by agricultural 
colonisation and, mostly illegal, logging 
(Doevenspeck, 2005, Götze et al., 2005). Using 
LANDSAT images the extension of agricultural 
land and other LUC changes between 1991 and 
2000 was derived using a decision tree based 
approach (Friedl & Brodley 1997).  

To model future states of land use and land cover a 
statistical dynamic model was used – the CLUE-S 
model of Verburg (2002). It was the most suitable 
approach for addressing the problem regarding the 
processes causing the changes in the area. 
Additionally the available input data had been 
tested successfully in different tropical 
environments (Verburg et al. 2004, Verburg et al. 
2004a). The CLUE model algorithm was 
implemented as a plug-in into XULU. It turned out 
that with only six parameters (initial land use, 
usability of the soil for agriculture, population 
density, distance to roads, distance to water, 
protected natural reserves), the LUCC can be 
explained with an overall accuracy of 83 % 
(Thamm et al 2005b). Based on these analyses, 
probability functions for changes for every land 
use class were set up. Following the IMPETUS 
guidelines three scenarios where defined 
(“business as usual”, “economic growth and 
stability”, “declining economic and weak 
institutions”). For every scenario the demand for 
new agricultural land was defined. The scenario 
“business as usual” was based on the outcome of a 
representative survey and the projections of future 
population (Doevenspeck, 2005) the other 
scenarios were defined in a quite complex process 
in collaboration with experts of other faculties (eg. 
Economics, Agriculture, Climatology). Detailed 
description of the model set up and outcomes can 
be found in (Thamm et al. 2005a, Thamm et al 
2007). The results were in even in the business as 
usual scenario in the year 2025 nearly all forests 
and tree savannah in the area of investigation will 
be converted into farmland. The results also 
identified ‘hot spots’ of LUCC where a shortage of 
arable land will occur. This allows the introduction 
of more adequate measures such as more efficient 
agricultural techniques to prevent distribution 
conflicts. 
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During the modelling it turns out that XULU is 
very handy to use. The implementation of the 
different scenarios can be performed quickly. 
Other advantages are the integrated views, which 
inform about the state of the modelling and have 
the ability to display the result or other parameters 
at every iteration step. Therefore good control of 
the whole modelling is possible. At the moment 
XULU is used to model LUCC at a local scale for 
different hot spots and at  the sub-national scale for 
the whole catchment of the Ouémé.  

5. FUTURE WORK 

Due to the flexibility and the convincing modular 
concept, XULU can be used for various tasks 
within spatial modelling. At the moment a fire 
model for West-African savannahs is being 
developed and tested successfully. The analysis 
results of satellite data with a high resolution in 
time are used as input data in addition to non 
variable data like topography and infrastructure. 
The wind speed and wind direction as well as the 
variability of the both parameters can be adjusted. 
These first results are very promising. Another 
planned application is the modelling of the spread  
of crop diseases at the field level in collaboration 
with the department of agriculture in a project for 
precision farming.   

To improve the speed of the modelling and to 
enable XULU to be used on large areas with small 
pixel size a version for parallel computing was 
created (“XULU/V”, Appl 2007). The user just has 
to install a small program on every computer 
which is available and XULU/V distributes the 
computing tasks. Tests have proven that the 
computing speed for bigger test areas can be 
reduced significantly. 

As a next development step it is planned to 
integrate the statistical software R. This will assist 
in the time consuming parameterisation of the 
models.  

6. CONCLUSION 

XULU has proven to be a very useful tool for 
different tasks in the spatial modelling especially 
to compute future state of land use and land cover. 
The big advantage is the modular concept which 
enables the scientist to concentrate on the research 
question because he does not has to take care of 
the overhead of model development. This opens as 
well interesting new options like combining 
different types of models.  

The realisation in JAVA enables easy integration 
of databases or automatic processing chains. 

Another benefit is the good usability. Computing 
of different scenarios can be done quickly. As well 
the control of all parameters and preliminary 
results is very helpful.  

Re-iterating it can be stated that XULU is an 
interesting, very flexible and user friendly system 
for people and organisations which are interested 
in spatial modelling. 
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