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Chapter 34
A Short Presentation of CLUMondo

J. van Vliet and P.H. Verburg

Abstract CLUMondo simulates changes in land systems in response to an exoge-
nous demand, land system characteristics, and a series of biophysical and socioeco-
nomic variables. Land systems are defined in terms of their land cover composition as
well as land use intensity. As a consequence, land systems can multifunctional and
thus provide multiple different goods or services. Moreover, an increase in demand
for, say, crop produce, can lead to cropland expansion, cropland intensification, or
both. Here we explain the model algorithm, and illustrate the advantage of the land
system approach over traditional land use models at the national and the global scale.
CLUMondo is available as a free and open source model.

Keywords Land use change � Land use intensity � Land systems � Land use
model � Ecosystem services

1 Introduction

Changes in land use and cover are made in response to demands for various goods
and services provided by the land, such as food produce of providing shelter.
Changes in these demands can result in land cover conversion, for example an
increase in food demand may lead to a conversion from forests to cropland, and a
growing population may lead to an increase in built-up area. However, these
demands can also be satisfied by increasing the land use intensity of a given area of
land. For example, the conversion of subsistence agriculture to market-oriented
production is characterized by an increase in agricultural yields, while the area
under cultivation doesn’t necessarily change. Hence both subsistence cultivation
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and market based production are defined by the same land cover, namely cropland,
while they differ in their land use intensity. These different intensities related the
same land cover may have important, differential, impacts on climate (Luyssaert
et al. 2014), biodiversity (Kleijn et al. 2009), water and soil quality (Keatley et al.
2011), and rural livelihoods (Cramb et al. 2009).

The CLUMondo model uses a land systems approach towards land change
simulation. Land systems refer to typical combinations of land cover and their land
use or management intensities (van Asselen and Verburg 2012), but may also
contain information on the temporal and spatial configuration of the land system
components. Each land system produces a specific combination of goods and
services, such as tons of crop produce and head of livestock. Besides the provi-
sioning of such commodities, also other services may be provided that are valued
by society, such as water regulation and carbon sequestration (Wolff et al. 2015).
Consequently, each good or service can be supplied by one or more different land
systems, and one land system can supply one or more goods or services (see
Fig. 1). This approach requires a different model representation than other models,
where each land cover is typically driven by one (area) demand only.

2 Descriptions of the Methods Implemented

CLUMondo is a forward looking model that simulates land system changes in
response to various types of exogenously defined demand and endogenously
defined transition rules (van Asselen and Verburg 2013). Each simulation starts
from an initial land systems map, which changes in yearly time steps. The user may

Fig. 1 Schematic representation of the relation between various demands, and changes in land
uses or land systems. Conventional models (top) typically link one demand directly to one land
cover or land use type, while CLUMondo (bottom) allows to link a demand to multiple different
land systems and vice versa
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define whether demands for a particular year need to be met exactly (assuming an
equilibrium) or whether they serve as minimum or maximum levels (such as
indicating a minimum amount of carbon sequestration or a maximum amount of
water extraction).

Within each yearly time step, land systems are allocated in an iterative procedure
in which land systems are allocated according to the transition potential at time
(t) and location (i) for each land system (LS), and the demands for goods and
services for that specific year (see Fig. 2). The transition potential ðPtranst;i;LSÞ is
calculated as the sum of the local suitability ðPloct;i;LSÞ, the conversion resistance
ðPresLSÞ, the neighborhood effect ðPneight;i;LSÞ, and the competitive advantage of a
land system ðPcompt;LSÞ (van Asselen and Verburg 2013):

Ptranst;i;LS ¼ Ploct;i;LS þPresLS þPneight;i;LS þPcompt;LS

The local suitability of a location for a particular land system can be specified by
the user or estimated based on current spatial patterns of different land systems. The
latter employs one logistic regression model for each land system separately, where
the occurrence of a land system is the dependent variable b0; b1; � � � ; bnð Þ while the

Fig. 2 Schematic overview of the land system (LS) allocation in CLUMondo. The grey boxes
indicate the iterative loop for allocating LS changes within each time step

34 A Short Presentation of CLUMondo 487



independent variables are a set of biophysical and socioeconomic conditions
ðf1; f2; � � � ; fnÞ:

Ploc ¼ 1
1þ e�ðb0 þ b1f1 þ b1f1 þ ��� þbnfnÞ

Conversion resistance is an indication of the costs of converting a particular land
system into any other system. Conversion costs are typically high for land systems
with high capital investments and systems that are difficult to remove physically,
such as urban and peri-urban systems. Extensive agricultural systems and (semi-)
natural systems, on the other hand, are relatively easy to convert and are therefore
typically characterized by a low conversion resistance. The conversion resistance is
calibrated manually, based on expert knowledge, with values between 0 and 1.

The neighborhood effect represents the influence that land systems in the direct
surroundings exert on the allocation of land systems. While the neighborhood effect
is commonly used to simulate the mutual attraction of urban land uses (van Vliet
et al. 2013), it can also be used to express the influence of land availability in the
trade-off between cropland expansion and intensification (van Asselen and Verburg
2013). In this case it is assumed that under conditions of high land availability
cropland expansion is possible, while intensification is induced when this is not the
case. The neighborhood effect in CLUMondo is calculated as a function of the
number of cells in the user-defined neighborhood, with land systems that contribute
ðfLSÞ, a constant ðaÞ, and a weight ðwÞ. The weight may be determined by the
fraction of a specific land cover in a land system, e.g. to differentiate between land
systems with a low and a high share of urban land cover. Note that the weight and
the constant can be positive as well as negative. Therefore, the neighborhood effect
can represent attraction, for example in urban agglomerations, and repulsion, for
example due to limited land availability for cropland expansion.

Pneigh ¼ aþw � fLS
The competition between land systems is simulated based on ability of land

systems to supply the goods or services for which there is a demand. Initially, the
competitive advantage is 0 for each time step. This value is subsequently adjusted
in an iterative procedure, based on demands for goods and services that are not yet
provided. When land systems have a competitive advantage in supplying multiple
(undersupplied) demands, the competitive advantages are added. A solution is
found when all demands are fulfilled by the allocated land systems. Hence, in
contrast to some other land use change models, CLUMondo does not use a hier-
archy or heuristic to handle trade-offs between competing demands, but simulates
their competition dynamically.

Other constraints on land allocation can be implemented in CLUMondo, and
overrule the calculation of the transition potential as described above. Two important
examples are whether specific conversions are allowed and the restrictions posed by
spatial layers. The first typically reflects practical constraints for conversion, for
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example to indicate that cropland cannot become a forest directly, as it takes several
years and intermediate stages to grow trees (Verburg andOvermars 2009). The second
represent specific constraints for the occurrence of land systems, such as natural parks
that limit the expansion of urban land, or biophysical constraints that limit the
expansion of cultivated areas (Eitelberg et al. 2015).

3 Applications

The CLUMondo model is flexible with regards to the scale, resolution, and the land
systems to be considered. These model characteristics may be defined based on the
needs of the study area and research questions at hand. However, the definition of
land systems as typical combinations of land cover and land use intensities suggest
a certain minimum resolution, as all components of a specific land system need to
be included in the simulation unit. Consequently, CLUMondo is particularly well
suited to simulate changes over relatively large areas. Current applications range
from provincial to global scale. In this section we briefly present one national scale
application and one global scale application.

Crop production in Laos takes place in a range of land systems with different
intensities (Hett et al. 2012). Many villages, especially in less accessible places, are
still dependent on subsistence agriculture, using swidden cultivation (Schmidt-Vogt
et al. 2009). Other places, however, are characterized by permanent croplands,
including paddy fields, and large scale plantations. As a consequence, an increased
demand for food can be satisfied by changing relatively extensive swidden fields
into more intensive permanent croplands, but also by cultivating new cropland
areas. In our projections, intensification predominates in the near future
(Ornetsmüller et al. 2016) (Fig. 3). This land change trajectory is a model result, as
it was not specified a priori how the increased demand for food should be produced.

Globally, land systems differ in their land management intensity, but also in the
goods and services they produce. Consequently, an increase in demand for crop
products can lead to a cropland expansion but also to an intensification of existing
cropland, depending on the local characteristics, the land system patterns to start
with, as well as the availability of new land that can accommodate expansion
(Eitelberg et al. 2015). However, land change is also increasingly driven by
demands for other goods and services, for example carbon sequestration and bio-
diversity protection. As these demands are implemented through policy instru-
ments, they are now drivers of land change, as well as consequences (Eitelberg
et al. 2016). In the baseline scenario of this global application, land change is driven
by a demand for crop production, head of ruminant livestock, and area of built-up
land. Subsequently, we designed two alternative scenarios, that include an addi-
tional demand for carbon storage and biodiversity protection, respectively. As a
result of the increased competition for land resources due to these additional
demands, these scenarios yield more intensification and less expansion of cropland,
and thus to more specialized land systems (see Fig. 4).
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Fig. 3 Land systems in Laos in the years 2000 and 2030 (based on Ornetsmüller et al. 2016)

Fig. 4 Changes in crop production in various land change scenarios. The bars indicate the %
change relative to the year 2000 for two selected model regions, illustrating the additional
intensification caused by adding demand for carbon storage or biodiversity protection (based on
Eitelberg et al. 2016)
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4 Final Considerations and Technical Summary

Contrary to the representation in most models, land change is typically not driven
by a demand for areas of land cover, but by a range of demands for goods and
services provided by the land. These include food production, and housing, but
increasingly also other demands, such as recreation, carbon storage, biodiversity,
and disaster risk reduction (Wolff et al. 2015). The CLUMondo model is the first
model that directly uses these demands as input for land change simulations. The
examples provided in this chapter illustrate the two main advantages of this land
systems approach. First, the representation of land systems allows for both
expansion and intensification, in response to increased demand for food, as shown
in Laos. Second, this approach allows to include multiple different demands,
including those that are not linked to one land use strictly, such as carbon storage or
biodiversity protection, as shown in our global application.

CLUMondo is available as a free and open source model from the dedicated
webpage: http://www.environmentalgeography.nl/site/data-models/models/.
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