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a  b  s  t  r  a  c  t

Land  cover  change  in  the  Neotropics  represents  one  of  the  major  drivers  of global  environmental  change.
Several  models  have  been  proposed  to  explore  future  trajectories  of  land  use and  cover  change,  particu-
larly in  the  Amazon.  Despite  the  remarkable  development  of these  tools,  model  results  are  still  surrounded
by  uncertainties.  None  of the model  projections  available  in  the  literature  plausibly  captured  the  overall
trajectory  of  land  use  and  cover  change  that  has been  observed  in  the  Amazon  over the  last  decade.  In
this  context,  this  study  aims  to review  and  analyze  the  general  structure  of  the land  use models  that  have
most  recently  been  used  to explore  land  use change  in the  Amazon,  seeking  to investigate  methodolog-
ical  factors  that  could  explain  the  divergence  between  the  observed  and  projected  rates,  paying  special
attention  to the  land  demand  calculations.  Based  on this  review,  the  primary  limitations  inherent  to  this
type  of  model  and  the  extent  to which  these  limitations  can  affect  the  consistency  of the  projections  will
also  be  analyzed.  Finally,  we discuss  potential  drivers  that  could  have  influenced  the  recent  dynamic  of
the land  use  system  in the  Amazon  and  produced  the  unforeseen  land  cover  change  trajectory  observed
in  this  period.  In  a complementary  way,  the  primary  challenges  of  the  new  generation  of  land  use  models
for the Amazon  are  synthesized.

© 2014  Elsevier  Ltd. All  rights  reserved.

Introduction

Land cover change is one of the major drivers of global envi-
ronmental change (Turner II et al., 2007). Concentrated in tropical
regions (Gibbs et al., 2010), such changes raise great concern about
the sustainability of the goods and services provided by these
ecosystems (Carpenter et al., 2005). The growing demands for food,
fiber and energy along with market globalization could also further
pressure the dynamics of tropical land use systems in the coming
decades (Lambin and Meyfroidt, 2011). In this context, a number
of models have been proposed to explore future trajectories of
land use and cover change in tropical forests, particularly in the
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Amazon (Aguiar, 2006; Soares-Filho et al., 2006; Wassenaar et al.,
2007; Malhi et al., 2008; Lapola et al., 2011; Davidson et al., 2012).

The future of the Amazon rainforests may  never have been
as heavily discussed by the scientific community as over the last
decade since the advent of these models (Laurance et al., 2001;
Nepstad et al., 2008). The scientific literature today has accumu-
lated numerous projections derived from several models, scales
and resolutions (Soares-Filho et al., 2004; Aguiar, 2006; Sampaio
et al., 2007; Lapola et al., 2010). However, despite the signifi-
cant improvement of these models through the adoption of more
sophisticated analysis methods and expansion of the processes and
factors considered, projections of land cover change in the Amazon
are still surrounded by uncertainties.

None of the change projections currently available in the lit-
erature plausibly captured the overall trajectory of land use and
cover change that has been observed during the last decade in the
Amazon (Laurance et al., 2001; Aguiar, 2006; Soares-Filho et al.,
2006; Nepstad et al., 2008; Lapola et al., 2011). After a long period of
projections of massive deforestation, Amazon forest loss dropped
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dramatically to levels never previously recorded (INPE, 2013). A
combination of regional policies to combat illegal deforestation
along with a period of decrease in agricultural commodity prices,
also marked by pressure from civil society on the government and
productive sectors, have been suggested as the primary drivers for
the deforestation slowdown observed since 2004 (Assunç ão et al.,
2012; Macedo et al., 2012; Boucher et al., 2013) – 84% through 2012
– (INPE, 2013).

Such inconsistency between trajectories and reality may  be
directly linked to the ways that these trajectories have been simu-
lated, especially with regard to the quantity of change. In this sense,
it is appropriate in this moment to analyze what exactly we  have
learned about land use models during the last decade, what went
wrong and what we still need to do to add relevance, credibility
and legitimacy to this type of tool (Alcamo, 2008). For this purpose,
a synthesis of the scientific knowledge that has been accumulated
through the development of different models and projections is still
missing in the literature on land use science.

Therefore, in the present study we seek to review and analyze
the general structure of the land use models that have been used
most recently to explore future change trajectories in the Amazon,
focusing on those with regional coverage (Amazon basin or Brazil-
ian Amazon). This review initially discusses the functional structure
on which most of the spatially explicit land use models are based,
paying special attention to aspects related to the estimated quan-
tity of change. Based on this discussion, the primary limitations
inherent to this type of model will be analyzed, as will the ways in
which these limitations can affect the change trajectories projected
for the Amazon. Finally, the authors discuss potential drivers that
could have influenced the recent dynamic of the land use system in
the Amazon and produced the unforeseen trajectory of land cover
change observed in this period. In a complementary way, the pri-
mary challenges of the new generation of land use models for the
Amazon are synthesized.

General structure of spatially explicit land use models

Despite the diversity of land use models found in the litera-
ture (Laurance et al., 2001; Aguiar, 2006; Soares-Filho et al., 2006;
Wassenaar et al., 2007; Lapola et al., 2011), it is possible to identify

a common functional structure that is valid for most of the avail-
able cases. As illustrated in Fig. 1, the main similarity is related to
the partition between the land demand calculation (the magnitude
or quantity of change) and the land allocation (the spatial distribu-
tion of change, including the potential calculation). In both cases,
these projections are computed based on a number of driving fac-
tors, a portion of which are related to the quantity of change, and
others of which are related only to its spatial distribution (certain
factors can be important for both the demand calculation and the
allocation process).

Based on the interpretation of one or more driving spatial fac-
tors, assumed to be determinant for the location of land use and
cover change, suitability maps or transition probability maps are
produced (Fig. 1). These maps indicate the suitability or propen-
sity of a given location for a specific land use type in relation to
other regions. There are several established approaches to perform-
ing this procedure; however, suitability maps based on empirical
analyses and multi-criteria analysis (MCA) are the most frequent
ones observed in the literature (Laurance et al., 2001; Aguiar, 2006;
Soares-Filho et al., 2006; Wassenaar et al., 2007; Lapola et al., 2011).

In addition to the suitability map, the pattern of land use and
cover change is also influenced by the land demand projected for
each land use type in a given time period. Several methods have
been used to perform such estimates, most of them following a
top-down approach in which the amount of change is based on the
interaction of a specific set of land use drivers (Soares-Filho et al.,
2006; Lapola et al., 2011). However, the assumptions involved in
each method, as well as the drivers considered in the land demand
calculation may  differ significantly from one application to another,
as discussed in the next section. The attention devoted to the land
demand calculation in this review is justified by the fact that this
calculation is one of the most uncertain components or modules
and therefore the most discussed output in regard to land use mod-
els produced for the Amazon.

Quantity of change in Amazon land use models

The land demand calculation is one of the most critical aspects
of land use modeling exercises in the Amazon. As illustrated in
Fig. 2, none of the previous studies were able to plausibly capture

Fig. 1. General structure of spatially explicitly land use models.
Adapted from Verburg et al. (2006).
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