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1 Introduction 

Human activities have generated a gradual process of environmental degradation that lead to a 

global loss of biodiversity at a rate without precedents in recent history (Pimm et al. 1995). The 

loss of species is one of the most important manifestations of this degradation, and can be due to 

several causes. One of the main causes is the change of natural areas into land use, because it 

implies important transformations in the composition and structures of ecosystems (Liverman et 

al. 2004). Even when sectors are conserved in their natural state, wild populations inhabiting 

them could decrease due to isolation from other natural areas. In this way, the fragmentation 

process can lead to local extinctions, the smaller the area, the higher the risk (Hanski 1998). 

Another biodiversity threat is the introduction of non native species. Generally this introduction 

has human purposes such as new agricultural production, plague control, among others. In other 

cases invasive species can arrive to a new place due to the access facilitation. Most of the time, 

changes in environmental conditions due to human activities, are responsible for these invasions. 

Invasive species may survive or not in the new site, but in case they survive, they even can be 

more successful than the local species, and eventually may even replace them.  

Land use change and introduction of non native species are ways of affecting biodiversity but the 

extraction of resources is also an important topic. The most important forms of extraction are 

hunting, fishing, harvesting, and selective forest logging. These activities are often related to the 

expansion of road infrastructure, which facilitates the accessibility to local, regional and global 

markets of previously isolated areas. 

Finally the processes associated to the global climate change are generating different impacts in 

biomes around the planet. These changes can be measured now as extreme, averages and seasonal 

variation of temperature as well as changes in precipitation, humidity, wind, among others. But 

these changes also influence existing climatic conditions in different ecosystems and are likely to 

modify the survival capacity of their original populations (APCI et al. 2008).  

Evidently the causes of these changes are multiple and interactions between them exist. For 

instance, agriculture expansion responds to immediate causes (i. e. production dynamics such as 

increase in demand due to population growth) and/or underlying processes (technology, market 

access, institutional factors, consumption preferences) (Geist & Lambin 2002). In this context, it 

is necessary to have planning tools that allow synthesizing the effect of these processes on the 

remnant biodiversity for a given area. Similarly, it is also necessary to generate long term 

information and future possible trends for each process affecting biodiversity. Current and future 

assessment of biodiversity state would allow adopting proactive mitigation strategies, preventing 

impacts of factors that cause environmental degradation. Additionally, with this information it 

would be possible to minimize the environmental costs and to maximize the economic and social 

benefits of the strategies and policies applied.  

Different methodological proposals have been developed to assess biodiversity state through 

systematic and relevant decision-making processes. For example, some proposals integrate 

indicators associated with human activities to estimate potential impact on natural ecosystems. In 

this sense, Sanderson et al. (2002) used spatially explicit data on population density, conversion 

of natural ecosystems, accessibility and infrastructure to generate an estimation of human 

footprint on a global scale. Similarly, Sala et al. (2000) identified land use, climate change, 

nitrogen deposition, establishment of alien species and the increase in atmospheric CO2 as the 

main factors affecting biodiversity. Based on expertsô opinion, these authors estimated potential 



impact of these factors on the biodiversity of different biomes for the year 2100. Other different 

approaches have used time series for monitoring populations. The aim was to estimate 

biodiversity state of different biomes (e.g. Loh et al. 2005), or conservation status of forest 

ecosystems using fragmentation indicators, patch size, edge length, among others (e.g. Kapos et 

al. 2000). 

The present study describes the implementation of an alternative index developed by the 

Netherlands Environmental Assessment Agency (PBL, before MNP), together with UNEP-

WCMC, UNEP-GRID-Arendal. This index estimates both, remaining biodiversity and 

contribution of different pressure factors to biodiversity loss. The developing of the index 

responds to the necessity of evaluating the overall objectives set by the Convention on Biological 

Diversity (CBD). This methodology is known as GLOBIO 3 and its development is centered 

around a major review of the literature published on the impact of various pressure factors (e.g. 

land use) on biodiversity, and the merger of GLOBIO 2 and the Natural Capital Index (Alkemade 

et al. 2006). 

One of the interesting aspects of the proposed methodology is that it uses socio-environmental 

information. MSA (Mean Species Abundance) is a simple indicator of GLOBIO 3 that reflects 

the remaining biodiversity after human pressures. GLOBIO 3 considers five major pressure 

factors: land use change, fragmentation of natural ecosystems, road access, atmospheric nitrogen 

deposition and climate change. As mentioned before, it is possible to calculate the contribution of 

each factor to biodiversity loss. Given that MSA is an estimation of remaining biodiversity, it is 

independent of existing ecosystems. This turns it into a particularly useful indicator in 

ecologically diverse areas, such as those seen in the Andean countries. GLOBIO 3 was initially 

developed to work at 0.5 degrees resolution (approximately 50 km near the Ecuador). In the mean 

time GLOBIO 3 has improved the level of analysis for the MSA and it can be implemented at 

national scale, improving the resolution to 1 km (pixel size). 

Part of the basic input of GLOBIO 3 is a land use map of the area of interest. In order to generate 

future scenarios of biodiversity state, GLOBIO 3 requires a ñpossible futureò land use map. In 

order to build this future land use map it is necessary to use predictive tools to estimate the 

magnitude and spatial distribution of land use change. For the present study we used CLUE 

(Conversion of Land Use and its Effects; Verburg et al. 2002; Verburg & Veldkamp 2004), a 

modeling platform to determine the spatial distribution of the most likely future land uses in a 

study area. This tool uses series of predictions about the surface that will be required for each 

land use for a period of time. Afterwards CLUE makes a spatial allocation of this demand based 

on the most suitable areas for each land use class. The GLOBIO-CLUE methodological 

framework enables biodiversity assessment of current and future biodiversity state on a national 

scale. The impact of different policy options can be calculated for each selected scenario. For 

instance the impact of increasing agriculture in the next 10 years at a specific rate, the promotion 

of livestock through subsidies or the construction of a new road, are some of the possible 

scenarios that can be modeled. In this way, these tools could make politicians aware of the 

implications of their future decisions and how those impacts will be spatially distributed. This 

spatial component, crucial in mountain countries, is usually not included in the considerations and 

models used to assess the impact of projects. 

This methodology is being applied in Southeast Asia as part of a Strategic Environmental 

Assessment (SEA). In this example the impact of the development of a large highway project in 

the Greater Mekong Subregion that connects the Chinese city of Kunming to Hanoi, Vietnam, 

crossing Laos, Thailand and Myanmar is investigated for its socio-economical benefits and 

environmental consequences. It is expected that this project will not only reduce highway 

connection time between two cities, but it will become a hub of economic development, as it goes 

through some of the poorest areas of the region. But at the same time, there is awareness that 



environmental impacts must be minimized to ensure the economic and social development in the 

region. That is why a strategic environmental assessment in that region is being implemented. 

As well as in Southeast Asia, this approach has been implemented in several countries in the 

world to assess the potential impacts of different policy and global, regional and national 

scenarios. One of the major global applications of the methodology is for the Global Biodiversity 

Outlook 2 (Secretariat of the Convention on Biological Diversity 2006), which used the GLOBIO 

to assess the impact on biodiversity of different scenarios of economic development. At regional 

scale the methodology is among others used for EURURALIS 2.0 (Verburg et al. 2006), which 

used CLUE along with IMAGE and other models to identify possible changes in the rural sector 

in Europe. 

This study is part of an initiative of the Netherlands Environmental Assessment Agency (PBL-

MNP) that seeks to disseminate and validate the methodology GLOBIO as a planning tool at 

national level in various countries of the world. In South America, the methodology was applied 

in Colombia, Ecuador and Peru, as part of cooperation between institutions in each country. The 

deployment was carried out by the Instituto Alexander von Humboldt in Colombia, Fundación 

Ecociencia in Ecuador and the Centro de Datos para la Conservación from the Universidad 

Nacional Agraria La Molina, Peru. The inter-agency coordination has been under the 

International Biodiversity Project PBL-MNP. 

In this context, the main objectives of the project are: 

1. To assess biodiversity state at national and local level using the GLOBIOïCLUE 

methodology for the years 2000 and 2030 in Colombia, Ecuador, Peru and Venezuela. 

2. To evaluate the GLOBIO-CLUE methodology as a tool to support planning processes that 

involve biodiversity conservation at national and local scales,  

3. Disseminate the implementation and potential applications of the methodology to scientists 

and decision makers in the Andean countries.  

The aims are: a) to promote both an analysis and discussion of the methodological advantages 

and disadvantages as well as conceptual issues associated with the methodology; and b) 

demonstrate the use of this methodology in planning processes at national and local scales. 

One of the first steps during the implementation of the project was the inclusion of two partners 

to support the land use change studies in Venezuela and Bolivia. With these two countries, most 

part of the Northern and central Andes is covered by the study area. We contacted Fundacion 

Amigos de la Naturaleza in Bolivia and the Instituto de Ciencias Ambientales y Ecológicas at the 

University of Merida, Venezuela. We trained people in both institutes and currently they are 

completing the development of their own national study cases. 

We presented the results of this first approximation to scientists of Peru and Ecuador, gathering 

important information for improving the model. Assistants to the workshop showed interest in 

this methodology and highlighted the importance of this tool for planning and management of 

future decisions. These case studies constitute the first step of the regional (South America) 

integration process for analyzing biodiversity and for offering more efficient tools to policy 

makers.  

 



2 Methodological Framework 

2.1 Estimating the state of biodiversity: GLOBIO 3 

GLOBIO 3 uses the average abundance of species in a given area as an indicator for measuring 

biodiversity. This indicator is known as MSA (Mean Species Abundance). The fundamental 

assumption is that natural values of species abundance will be affected by human activities.. 

Figure 1a illustrates a hypothetical example of the original species abundance of 11 species, as 

well as the abundance after a disturbance or the introduction of some source of stress for the 

system. From this information, the percentage that represents the new abundance with respect to 

the original can be calculated, as shown in Figure 1b. 
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In figure a, hypothetical data for a field study is shown to compare a sector with and without environmental 
impact or disturbance. The contribution of each species to the MSA is shown in figure b. To calculate the 

contribution of each specie the abundance is divided by the original abundance after the disturbance, 
without including the species that were not in the study area before the disturbance (in this case specie k). If 
in any specie the value proves to be greater than 1 (species c and d), the contribution is limited to 1 (this 
controls the effect of species that increase their abundance after the disturbance). The MSA is calculated by 
averaging the contributions of each species.  (Adapted from Alkemade et al. 2006) 

Figure 1 Hypothetical example of the MSA calculation, depending on the species 

abundance in an area 

In Figure 1b the average of the ratio of all species is 0.61, a value that represents the average 

remaining abundance. Without impact, the average abundance would be 1, while values close to 0 

indicate a noticeable decrease in abundance of some species and even disappearance of some of 

them. MSA only considers native species, new species after disturbance are not incorporated in 

the calculations. Furthermore, if the abundance of some species increases, the effect of the 

disturbance, it is assigned a ratio of 1. 

2.2 Factors that affect biodiversity 

The GLOBIO 3 model considers five factors causing biodiversity loss: land use, infrastructure, 

fragmentation, nitrogen deposition and climate change. Therefore there are five estimates of what 

would be the remnant biodiversity due to the impact of each factor (MSALUC, MSAINFRA, 

MSAFRAG, MSANITR, MSACLIM) for each cell in the study area. These values are then combined to 

obtain the remaining total biodiversity (MSA) using the following formula. 

iNiCCiINFiFRAGiUSOi MSAMSAMSAMSAMSAMSA= (1) 



Remaining biodiversity can be estimated at national level can be obtained by calculating the 

average MSATOT of all the pixels in the study area, as well as at regions or department levels. 

2.2.1 Land use 

Original biodiversity will vary, according to the degree of intervention in an area. Therefore, 

areas with selective extraction of some of their species will have higher MSA than areas where 

the original habitats have been replaced by agricultural crops. Alkemade et al. (2006) calculated 

MSA values (remaining biodiversity) for each type of land use, based on literature review. In this 

way, MSA values can be estimated from a land use map. Table 1 shows these values obtained 

from information compiled for 2618 species (680 plants, 1200 invertebrates and 730 vertebrates).  

 
Land Use Description MSALUC 

Primary 
vegetation 

Forest and other natural vegetation with little or none human 
influence  

1.0 

Grass 
Grass and natural shrubs where domestic cattle could have 
partially replaced native species of ruminants. 

1.0 

Forest slightly 
disturbed 

Primary forests with limited use (i.e. hunting, selective logging, 
harvesting of non-timber products). Forest structure remains 
intact. 

0.7 

Secondary Forest Forest succession in deforested areas. 0.5 

Agroforestry 
Agricultural production where the original forest (or planted 
trees) has been retained to provide shade or protection against 
the wind. 

0.5 

Forest 
Plantations 

Planted trees, predominantly homogenous monospecific 
systems for timber production. The species can be exotic or 
native. 

0.2 

Perennial crops 
Planted trees to produce fruit, coffee, cocoa, and so on. The 
operation means that the soil is left untreated for long periods 
of time. 

0.2 

Artificial Grass Forests converted to pasture for cattle grazing. 0.1 

Urban Areas 
Areas with high density of artificial structures (eg. Cities, 
suburban areas, roads, airports, etc.). 

0.05 

Agricultural Areas 

Extensive 
agriculture 

Agricultural areas where the use of fertilizers and pesticides is 
limited. The production is predominantly for subsistence. 

0.3 

Commercial 
intensive 
agriculture 

Dryland agricultural areas, with high use of fertilizers and 
pesticides. The production is predominantly commercial. 0.1 

Fully managed 
irrigated 
agriculture 

Irrigated agricultural areas, intensively managed. High levels of 
fertilizers and pesticides. The production is predominantly 
commercial. 

0.05 

Source: Adapted from Alkemade et al. 2006 

Table 1 MSALUC for different land use and land cover: a) General land use and land 

cover, b) Agricultural sub-classes. 

2.2.2 Infrastructure 

The presence of roads that interconnect towns and cities has different impacts on biodiversity. 

When a road is new, the main impact is the destruction of natural areas in its surroundings, 

establishing new areas for agriculture and / or livestock. The presence of a road already 

established, depending on the time of construction, can support a colonization process that is 

going to decline over time, as space is occupied. 

In general, the construction of roads alters the original habitat bringing traffic and noise that 

causes displacement of species away from the road. The accessibility to new areas also generates 



greater utilization of resources, such as hunting of wildlife or the extraction of useful species (e.g. 

wood or game). Another effect on biodiversity refers to the road becoming a crossing barrier for 

some species. In some ecosystems this open space creates an alteration of microclimates for small 

species that make them go away (edge effect). Although roads are partially responsible of habitat 

fragmentation, the impact of fragmentation is analyzed independently as a separate factor. 

Biodiversity loss due to infrastructure only considers area with natural vegetation. Areas with 

human activity such as agricultural areas have a greater impact because of the factor of land use, 

so the infrastructure is not considered a factor in those areas. The impact is measured in terms of 

distance to roads and assumes that the proximity to them will render a smaller MSA value. It also 

considers a different impact of the infrastructure for the different types of biome. The effect of 

this pressure factor is calculated as: 
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Where a, b and d are specific parameters for the types of land use and land cover defined in table 

1, dist represents the distance in meters to the infrastructure in question (e.g. roads), pop is the 

population density in a given site (in persons per Km
2
), and year is the year for which the MSA is 

estimated. 

2.2.3 Fragmentation 

It is known that species have a minimum requirement area for supporting a viable population. The 

presence of roads, areas with farming or other human use causes fragmentation of natural areas 

into smaller patches, affecting the viability of the species. The main effect of fragmentation is that 

populations are divided into isolated patches without connection, with the consequent reduction 

in the availability of resources and competition for them in a smaller area (Hanski 1998). The 

MSA associated with fragmentation takes into account the patch size of natural vegetation in 

which the unit of analysis is located, and its effect on the remnant biodiversity. MSA values are 

assigned by size ranges, patches between 0 and 1 Km
2
 have a value of 0.55 and the following 

values are shown in figure 2.  

For the present study (Andean countries) we considered that the boundaries between structurally 

different ecosystems also generate fragmentation. For example, most of forest species can not use 

resources in grassland ecosystems, therefore, boundary between grasslands and forest causes 

fragmentation. For this purpose we considered the next categories: forest, grassland-schurbland, 

dessert and glaciers. 

MSA values due to fragmentation are calculated only for areas with natural vegetation. Areas 

with human activities remain with a MSAfrag of 1 (which when multiplied does not affect the 

other values), as the fragmentation itself does not generate any biodiversity loss in these habitats. 
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Source: Van Rooij 2007 

Figure 2 MSAfrag values for different natural areas of different patch size 

2.2.4 Nitrogen deposition 

This factor considers the effect of the accumulation of nitrogen due to the use of fertilizers. It is 

believed that there is an effect when the capacity of nitrogen deposition exceeds a critical value, 

at which biodiversity is affected. This threshold is different for each type of ecosystem. If the 

value is below this limit, there will be no significant impact on biodiversity. For this case study 

there was no reliable information to South America, and this factor was excluded from the 

analysis. 

2.2.5 Climate Change  

The effect of climate change on remaining biodiversity is analyzed from the logic of habitat 

variation. Given that temperature (see figure 3) and local patterns of precipitation will change, 

this will affect the ranges of species distribution. This produces the generation of three types of 

area: areas where it is expected that the species or biomes may disappear, areas that the species 

will invade their habitat because it was displaced, and the areas where the species or biomes 

remain biomes (stable area). Therefore, remaining biodiversity is measured as the ratio that 

represents the stable area over the original area.  
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Source: Van Rooij 2007 

Figure 3 Temperature increase compared to the year 1900 (OECD, base scenario) 

Future biomes distribution has been modeled according to change in climate. A proxy of its effect 

has been developed based on a linear change of temperature and a sensitivity value for each 

biome (slope, see table 2). The equation is as follows: 

eTemperaturSlopeMSACC D-= *1  

Biome Sensibility (ºC
-1

) 
MSAcc 2000 

DTºC = 0,569 

MSAcc 2030 

DTºC = 1,298 

Shrubs 0,129 0,9266 0,8326 

Natural Grasslands and steppes 0,098 0,9442 0,8728 

Desert 0,036 0,9795 0,9533 

Tropical Forest 0,034 0,9807 0,9559 
Source: Alkemade et al. 2006 

Table 2 Sensibility Value and MSACLIMATE for different biomes for years 2000 and 

2030 

 

2.2.6 Integrating the pieces: From the map of land uses to the MSA 

As it is shown, each of these procedures allows approximating the effect of each factor from one 

or more maps. The main inputs are maps of land use, roads and original biomes (i.e., the 

distribution of biomes in the absence of the human impact). Based on these maps, and knowing 

the year the map of land use, it is possible to calculate the MSA expected for each pixel in the 

study area by applying the equation 1. 

To calculate MSA for future years, it is necessary to identify the major projects of new roads in 

the study area and generate land use maps for these future years. 

2.3 Changes in land use: The CLUE model  

The initial step to determine the state of biodiversity by 2030 is to generate scenarios of potential 

land use and land cover for that year. To generate these scenarios were used CLUE (Conversion 

of land use and its effects), a methodological framework developed at the University of 

Wageningen (Verburg et al. 2002). In this methodology, the problem of evaluating the land use 



changes is divided in two parts. The first part is to estimate the area needed for each type of land 

use in the coming years, which sets the "demand" expected of each of these types of land use. The 

second part, is to assign a land use class to each landscape unit (pixel) following a set of rules, so 

that the total number of pixels assigned to a category of land use lies with the demand and that the 

pixels assigned to a given category are those that satisfy the best conditions according suitability 

maps. 

Pixel allocation for future years follows some rules: 1) The land policies which imply that a pixel 

can not change from year to year (for example, if one assumes that protected areas are completely 

effective in controlling deforestation). 2) That the future use is consistent with prior use. For 

example, it is unlikely to have agriculture in sectors previously used for mining. These 

characteristics are defined in a matrix of transition that defines valid paths for change of use and 

land cover. 3) The inertia or elasticity of use, where is more likely that a pixel where there are 

urban uses continue under this type of usage. 4) The probability that a type of land use develops 

in a given pixel, regardless of the type of use the pixel previously had. The latter may include 

items that are considered to be static, such as height or the slope of the site, or dynamic, such as 

the construction of a road already planned or the contagious effect that occurs around agricultural 

sectors. The difference between these two dynamic factors is that while the first one is external to 

the model, the second is a product of the simulation. Based on available information we 

constructed land demand, matrix of changes, elasticity values, and suitability maps. Each of them 

will be resembled on the following sections. 

2.3.1 Distribution Rules: Matrix of changes, elasticity and use 
suitability maps 

The matrix of changes is a schematic representation of the possible changes between the types of 

land use. For example, a livestock sector can become a mining industry from one time to another, 

but the inverse change is not possible. To ensure consistency between models, a standard matrix 

was defined for all the study areas with minor variations. These variants seek to recognize the 

differences between the systems of land use and land cover of the different countries modeled. 

The elasticity is a measure of how easy is for a land unit to pass from one class to another. For 

example, it is easier for an agricultural pixel to remain as an agricultural pixel. The classes of land 

use totally elastic are those in which the probability of occurrence of a year is not affected 

because the previous year has had the same use. The classes completely inelastic (more inertia) 

are those which once established it is very unlikely to change. Among the less elastic land use 

classes are: mining, urban and areas where significant investments in infrastructure has been 

done. Extensive agriculture, intensive agriculture and livestock were assigned intermediate levels 

of elasticity, depending on the characteristics of each one. 

Suitability maps were constructed for each land use class based on climatic, topographical, of 

accessibility and restriction variables (Verburg et al. 2002). For this purpose, we used step 

backwards logistic regression  

The variables used to make these predictions were: 

Climatic variables: Annual Mean Temperature, Annual Total precipitation, annual 

ombrothermic index and ombrothermic index for the driest trimester (Rivas-Martínez 

2005). 

Topographic variables: Elevation, slope, total curvature, terrain convergence index, exposure 

topographic index (smoothed and non-smoothed). 

Accessibility variables: Access time to market (based on Jarvis et al. 2006) 



Legal protection system: Natural Protected Areas 

The complete list of used variables and their description can be found in 6.1. 

To make predictions minimizing the problems of spatial correlation of observations, it was 

chosen to do a random or systematic sampling of the points in the study area, guaranteeing a 

minimum distance between points. Finally, ROC curves were constructed for evaluating 

suitability maps. 

One of the key assumptions for this model building is that the spatial rules do not change over 

time (static model). In the case of the measurement of how appropriate is a pixel to a class of use, 

e.g. the suitability maps, the algorithm assumes that the difference in the probability between two 

pixels will remain constant over time. This difference between two pixels can vary due to the 

elasticity or when a dynamic layer is incorporated. However, even in this case, the values of the 

coefficients of the regression do not change. In practical terms, the only thing that changes with 

time is the set of pixels that may belong to a particular class and the intercept of the regression, 

which is the value that is adjusted throughout the time to ensure that the demand is satisfied. 

2.3.2 Demand 

Land use demand is the amount of area required for each land use class per year. Land demand 

between years 2000 and 2030 was constructed using available databases at national or local level 

to document the trends of recent years. Besides, several international studies where consulted to 

obtain a joint vision of the future land use demand of the region in the global context (MNP 2006, 

Bruinsma 2003, Raskin & Kemp-Benedict 2002, FAO & OECD 2008). Unfortunately, none of 

these studies had projections per country but for Latin America. After reviewed them, it was 

chosen to use the Third Global Environmental Outlook by Raskin & Kemp-Benedict (2002). This 

document presents projections for scenarios of market forces and political reform, consistent with 

scenarios A1 and B1, respectively, of the IPCC, and to projections made by FAO for the years 

2015 and 2030 (Bruinsma 2003). All these figures were used as a guide, being later adjusted for 

the current characteristics of each study area, and where information was available, with the time 

trend of recent years. 

2.3.3 Pixel Allocation Model 

After all the information is gathered (land use demand and suitability maps), CLUE assigns the 

pixels following an iterative algorithm which is summarized below (a description more complete 

can be found in Verburg et al. 2002). 

A. For the first year of the model, the probability functions and the demand for each 

land use class are determined. Then the next steps follow: 

1. First, the cells in the study area that may change are determined. The cells that are 

considered part of a protected area or can not vary for any other reason are excluded 

from future calculations.  

2. For each cell i the probability for each land use (TPROPi,U) is calculated, according 

to:  

UUUiUi ITERELASPTPROP ++= ,,  

where Pi,U is the probability of the U class in the cell i (taken from the model of 

probabilities), ELASU may be zero (if the cell in the previous year was not in the class 

U, that is if the option of change in use is evaluated) or the elasticity of the U class (if 

the value of cell in the previous year was in fact from the U class, that is if the option 



of continued use is evaluated), and ITERU  is the iteration variable that adjusts for 

each U class. 

3. An initial allocation of pixels with a homogeneous ITERU value for each class is 

made, assigning to each i cell the type of use with the highest TPROPi,U value. 

 

4. The total number of cells assigned to each land use class is counted. The area 

associated with each land use is then compared with the requirements of land use 

(demand). If the area allocated to a particular use is lower than the required, the 

ITERU parameter of that use is increased. If the allocated area is higher, the parameter 

is diminished. 

B. Steps 2, 3 and 4 are repeated until the demand is correctly allocated (within certain preset 

ranges of precision). When this happens, the land use map is saved and continues with 

next year, repeating the same steps. 

In the Madre de Dios study case, the CLUE model could not be run, for that reason it was 

developed an allocation algorithm resembling the CLUE process (details in the study case).  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3 Main results from the study cases 



3.1 Colombia 

3.1.1 Introduction 

From a historical viewpoint Colombiaôs economy is based on agriculture. Gradually there was a 

shift and the construction, mining, commerce, industrial, transport and financial sectors have 

gained more importance (DANE 2008). During the last decade, Colombian economy has been 

based on the open markets policies and activities with an average annual increase in GDP during 

the last 5 years of more than 4% and an increase in consumption especially in consumer durables. 

Policies have been centered toward the implementation of free trade treaties as a way to 

incorporate the country in a global economy. 

Based on that policy, governments have supported the construction and actualization of the 

transportation network, proposing important highways, maritime and river ports and other 

nationwide infrastructure projects. 

Foreign investment is increasing, thanks to a macroeconomic stability, increased security 

perception and policies that stimulate it. In 2007 it represented 27% of the countries GDP (DANE 

2007), the commerce and mining sectors have received a lot of foreign capital, especially in the 

later for petroleum exploration and coal extraction. 

Maybe as a direct result of an extended armed conflict, there has been an increase in large estate 

patterns. In addition increased concentration of rural land ownership and livestock grazing has 

been extended, occupying most of the countries rural frontier (Balcazar 1998).  

The progressive liberalization of the economy has lead to an intense structural shift in the 

agriculture sector. Transitory crops that were commonly subsidized (e.g. rice, sorghum and 

cotton) have been in crisis while extensive and intensive livestock grazing, and permanent crops 

have increased. Biofuel crops have been stimulated by benefits from credits and commercial 

policies, given their apparent advantages in the domestic (and international) markets. These crops 

have been developed by large scale organized enterprises. On the other hand, coffee, the most 

important export product during the last century and pillar of a smallholding rural economy, has 

decreased in area and in production (DANE 2007), because of its low prices in international 

markets and the growing opportunities for more profitable economic activities. Illegal crops have 

had a shifting area variation during the last decade (UNODC 2008). Even though an aggressive 

eradication campaign has been implemented, these crops continue play an important part in the 

rural economy for the more remote areas of the country.  

The ministry of the Environment has increased its functions towards handling the housing and 

regional development activities of the country. The environmental sector, with the exception of 

the national parks office that has increased its budget historically, has been negatively affected 

with this change. It has rebounded the ministries capability to handle and evaluate effectively the 

impact on biodiversity and conservation caused by the increase of productive projects. 

The research institutes of the Ministry of the environment, with the support of the European 

Economic Community (EEC), are making a big step towards an integrated spatial support system, 

worked together to produce a Colombian ecosystem map at regional scale for the year 2000 

(IDEAM et al. 2007). The results of this map were the bases of the land cover data used in this 

project. The CLUE-GLOBIO methodology seemed adequate to support decision-making in 

economic projects and their impact on the state of biodiversity. Spatially constructed scenario 

based models that link land use with socioeconomic and demographic activities and impacts are 

the natural development for the use of this tool as an environmental support system. 

 



3.1.2 Methodology 

3.1.2.1 Study Area 

The study area comprises the continental portion of Colombia. San Andres and Providencia; the 

Colombian islands in the Caribbean, were not taken into account because of the regional scale of 

the analysis. 

3.1.2.2 Actual land use / land cover map 

The land use /land cover map was derived from the Colombian Continental and Marine 

Ecosystem Map (IDEAM et al. 2007), an initiative of the research institutes of the country and 

with the economic support of the European community. The baseline information for the land 

cover/ land use component of this map were LANDSAT ETM images from 2001-2003 and other 

supplementary detailed thematic cartography. The LUCC legend was based on level 2 CORINE 

land cover standards and the final product was presented at a 1:500.000 scale.  

The 23 classes from the LUCC legend of this map were reclassified to the MSALUC categories to 

finally distinguish 12 different classes. Five of these classes are natural or semi natural (primary 

forests, natural grass and shrublands, natural bare, rock and snow, natural inland water and 

secondary forests) and five are for agriculture uses (extensive agriculture, transitory/annual 

agriculture, perennials and biofuels, man-made pastures and forest plantations).  Artificial man 

made surfaces is represented by the class Eroded and build up areas. Finally, wetlands and water 

bodies were classified as natural inland waters or artificial water bodies (table 3). Afterwards, the 

map was converted to a 1km² raster and projected to the sinusoidal parameters. 

 
Land use land cover classes Area (ha) 

Natural forests 61 060 700 

Plantations 160 800 

Secondary forests 8 151 700 

Extensive agriculture 4 962 200 

Transitory/annual agriculture 1 057 400 

Perennials/ biofuels 3 308 800 

Natural grass and shrublands 14 524 100 

Man made pastures 17 292 500 

Natural bare, rock and snow 24 500 

Natural inland water 2 590 600 

Artificial water bodies 66 600 

Eroded and built up areas 512 700 

Total 113 712 600 

Table 3 Area for each Colombian Land use/land cover class 

3.1.2.3 Parameters and Decision rules for the calculation of the 

allocation of land use change 

The quantitative changes in land cover and land use need to be spatially distributed. In order to 

accomplish this task, CLUE uses an algorithm based on: a) the dynamic simulation of the 

competition between the  national level demands for each land use class and their local 

preferences for locations (suitability), b) the competitive strength of  each class (spatial stability) 

and c) the  restrictions of change. These parameters and decision rules have to be adjusted to the 

specific conditions of the country. 



Elasticity and transition matrix 

Elasticity is an indicator of the spatial and temporal stability of the land use/land cover classes 

(Verburg et al. 1999) and relates to how difficult a land Use/land cover class can move in space 

and time. The highest conversion costs (more spatial stability) was given to build up areas, water 

bodies and natural rocks. Natural forest was assigned with a value of 0,9 because it was taken 

into account that slight reforestation can exist in some areas of the country (Armenteras & 

Rodriguez 2007). Grasslands and shrublands were also assigned with 0.9. The more dynamic 

land use is Man made pastures that can be transformed to almost any other land use and can 

appear in any part of the country and was assigned an elasticity value of 0.1. All the other land 

use classes are in the intermediate elasticity range of 0.3-0.6 (table 4). 

The transition matrix is another decision rule build to determine which land use conversions are 

possible or not on a year to year basis. Natural forests, grasslands and shrublands can change to 

almost any land use, but no land use can change to these natural classes in the 30 year temporal 

scale of the analysis. 

LUUC Elasticity 
Land use Conversion matrix 

(0) (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

Natural forests (0) 0.9 + + + + + +  +     

Plantations (1) 0.6  + +   +  +     

Secundary forests  (2) 0.3  + + + + +  +   + + 

Extensive agriculture (3) 0.3  + + + + +  +    + 

Transitory/anual agriculture (4) 0.5  + + + + +  +   + + 

Perennials/ biofuels (5) 0.6  + + + + +  +   + + 

Natural grass and shrublands (6) 0.9  + + + + + + + +   + 

Man made pastures (7) 0.1  + + + + +  +    + 

Natural bare, rock and snow (8) 1         +    

Natural inland water (9) 1          +   

Artificial water bodies (10) 1           +  

Eroded and built up areas (11) 1            + 

+ in the conversión matrix means that a row LUCC (0-11) can  change to a column LUCC 

Table 4 Elasticity and conversion matrix for the land use/ land cover classes of Colombia 

Demand  

Projections of land use for year 2030 were extrapolated from the baseline land use and land cover 

of 2000 and a 35 year series (1970-2005) of the statistical Annuary for Latin America and the 

caribbean (Cepal 2006). Colombian agriculture information of this publication was based on the 

Statistical Database of the Food and Agriculture Organization of the United Nations (FAOSTAT) 

and from the annual statistics of the National Statistical Department of the country (DANE). The 

information was verified and for some land uses, it was complemented with statistics from DANE 

and of the Department of Agronomic studies (SAC). Two future scenarios were considered: 

Market forces and Policy Reforms, based on the Raskin & Kemp-Benedict (2002) scenarios. 

Suitability  

Kok and Veldkamp (2001) highlight the importance of separating uniform units based on agro 

ecological zones for doing land use pattern analysis. The suitability of each land use for each 

pixel depends on its specific land use dynamics and its location distinctiveness. Considering the 

variability of these dynamics within the country, and as counterpart, the regional scale of the 

analysis, five regions were distinguished for Colombia (Figure 4). These regions are similar to the 

ones proposed by Wassenaar et al. (2007) in their projection of land use for tropical Latin 

America. 



 

Figure 4 Natural and land use regions distinguished for Colombia 

Each region has different biogeographical characteristics and land use dynamics that influence its 

potential land use suitability (table 5).  An unbalanced sample of 20% of the countryôs total 1km 

pixels with a separation distance of 2000 m was selected using the Hawthôs Analysis Tools v. 3.27 

extension for ArcGIS. The selected pixels were assigned to the correspondent region to analyze 

the distribution of the selected static location factors with the distribution of the selected samples 

and determine the relations between the different land uses and their location characteristics. 

 



Region Description 

Caribbean The most common natural land cover classes are forest mangroves, tropical dry 
forests, dry shrublands and especially natural inland waters, but all the forests 
and shrublands are highly fragmented. This region is bathed by the alluvial 
valley of the Magdalena river and delimited by the Caribbean ocean and the 
mountains of the Andes. As the more relevant land use and socioeconomic 
activities, the Caribbean has cattle raising activities in large state tenancy 
patterns even though there is an expansion of mining and biofuel crops.  

Andean The typical natural land cover classes are: Sub-andean forests and Andean 
cloud forests beneath the 500 m in three biogeographically and anthopogenically 
differentiated ñcordillerasò and above the 3000 m Paramos persist.  Also, in 
climatically azonal conditions below the 2000 m dry shrublands can be found as 
remnant patches. In the Andean region is concentrated 70% of the Colombian 
population and most of the countryôs GDP, giving large pressures over 
biodiversity and natural land cover and have caused high levels of fragmentation 
and biodiversity loss. There is also high variability in the land uses and their 
dynamics within the Andes. 

Pacific The more common natural land covers are tropical humid forests and forest 
mangroves all with high levels of endemism. They are located in the eastern 
slope of the Andes below 500 m and adjacent to the Pacific Ocean. Climatically, 
this region is characterized by high levels of precipitation and humidity. 
Socioeconomically, the region is characterized by high levels of poverty and the 
presence of indigenous and afro-descendant communities. There is a high 
variety of land uses in the region. 

Orinoquia Tropical gallery forests and savannas below 500 m in the Orinoco basin. Most of 
the population is concentrated in the piedmont part of the region where there is 
also an expansion of agriculture and petroleum activities. The eastern savannas 
are characterized by extensive cattle raising activities. This region is believed to 
be the next ñcolonization frontierò of the country due to the high impact projects 
that are being planned. 

Amazonia Continuous Tropical humid forests below 500 m in the Amazon and Orinoco 
basins. Socioeconomically and demographically, the region is characterized by 
low population densities and a gradual expansion of colonization frontiers 
associated with petroleum activities or illegal crops production and 
transportation. Subsistence agriculture sometimes related with traditional 
practices can also be found along rivers. 

Table 5 Description of the regions used for the regressions in Colombia 

Fifteen static location factors were selected for this analysis as the variables that influence the 

presence of each land use. Most of them are biophysical and derived from an interpolated 1 km² 

SRTM DEM (elevation, slope, terrain form index, terrain ruggedness index, terrain convergence 

index, topographic exposure index, topographic relative moisture index, relative slope position 

and total curvature index). Four climatic factors were incorporated in the analysis:  the annual 

average temperature and the annual total precipitation were taken from the Worldclim v 1.4 

databases (Hijmans et al. 2005), the ombrothermic index and the ombrothermic index of the drier 

quarter were derived from this data. The detailed description of each of these variables is found 

on Annex I.  

The location of the national protected Areas for the year 2007 was used as a variable that can 

influence the presence of the different land uses. As a proxy for socioeconomic and demographic 

activities, a pixel based accessibility model was incorporated (Jarvis et al. 2006).  

The baseline information for the cost-distance model was: 

Á Level 1-3 road network from the Geographical Institute Agustin Codazzi (IGAC) 2007 

1:500 000 cartography. 

Á Navigable river network derived from the Geographical Institute Agustin Codazzi 

(IGAC) 2007 1:500 000 cartography.  



Á Populated centers of more than 1000 inhabitants derived from the Geographical Institute 

Agustin Codazzi (IGAC) 1:500 000 cartographic information and DANE 2005 census 

data. 

Á DEM data. 90 m. SRTM interpolated to a 100 m grid. 

Á Maritime ports obtained from the Geographical Institute Agustin Codazzi (IGAC) 2007 

1:500 000 cartography. 

Á Water bodies.   IDEAM et al. (2007) Ecosystem Map. 

The final result is a 1 km² surface in which each pixel has travel times (hours) to the populated 

and commercial centers. The travel times are based on the friction to cross each pixel given the 

different types of roads and navigation networks and the friction derived from topographic 

characteristics associated with each pixel.  

Logistic regressions were used for each land use and in the five regions, to establish the relations 

between land uses and the location factors. Using the selected samples, the regressions were done 

using SPSS v. 15.0 software, considering 50 interactions and a 0.1 cut value criteria for exclusion 

or inclusion of the variables. The fitted model was selected with the Backward (LR) selection 

method. For some regions some location factors were excluded of the analysis because of the 

probability of the Wald statistics. For the land use plantations there were few pixels in each of the 

regions, and this small sample caused some bias in the preliminary results, therefore the location 

dynamics of this land use were left constant in the final result. The same was done with the 

LUUC classes Natural bare, rock and snow, Natural inland water, Artificial water bodies and 

Eroded and built up areas. 

The significant statistical relations between location factors and each land use were used in the 

software CLUE to build the suitability surfaces for each case. 

Future land use land cover Map 

The suitability maps, combined with the decision rules of elasticity, the conversion matrix and the 

quantitative estimates of the land use demand for the two scenarios (Market Forces and Policy 

Reforms), were used to project the LUUC location of change for the year 2030 using the software 

CLUE (Verburg et al. 2002). 

3.1.2.4 Biodiversity State for the years 2000 and 2030 

Biodiversity state for the two years was evaluated using the GLOBIO Methodology (Alkemade et 

al. 2006). The results of CLUE were used as the base land use/cover information for year 2030. 

The road network from the Geographical Institute Agustin Codazzi (IGAC) 2007 1:500 000 

cartography, converted to a 100 m grid, was used to establish the effects of fragmentation and 

infrastructure over biodiversity. The biome map used is a a sub product of the Colombian 

ecosystem map (IDEAM et al. 2007) and was reclassified to the following 7 categories of the 

MSA biomes: Tropical forests, grasslands, desert and xeric shrublands, xeric shrublands, 

mangroves, lakes, and rock & ice. This biome map was used to evaluate the effect of climate 

change, infrastructure and fragmentation over biodiversity. 

Land use and land use intensity was also evaluated using a population density surface, this layer 

was constructed based on urban and rural census information (DANE 2005) and IGAC 1:500 000 

political boundaries information. Nitrogen deposition was not evaluated as a potential factor of 

change. Finally, the GLOBIO model was run in Arcview using the script modified in this project.  



3.1.3 Results and discussion 

3.1.3.1 Land use/ Land cover Change 

Land Use/ Land cover change was modeled using CLUE software. The inputs were the results of 

the logistic regressions, the suitability maps and the projected national land use demands. 

Regressions and Suitability Maps 

The coefficients of the selected variables of the 35 resultant logistic regressions (one per land use 

/land cover class for each region) were used to build the logit models. Suitability maps were 

constructed using equations based on the final coefficients of the logistic regression. 

 There is a wide variety of factors that explain land use change for Tropical Latin America 

(Wassenaar et al. 2007). The results of the logistic regressions confirm this; there is a 

considerable amount of variation across the different regions. Most of the resultant logistic 

regressions models select more than 5 variables and most of them have different location factors. 

On the other hand, it seems that a slight difference and variation in the resultant coefficients of 

the selected factors for one land use on two different regions can have notorious effects in the 

allocation of the land use in the clue model. In this regard, more sensibility analysis that takes this 

into account should be done when modeling land use change in CLUE using regions.   

Accessibility, the only location factor related with socioeconomic conditions, is the variable that 

appears more often in the results. Do socioeconomic factors explain more the location of the 

different land uses than biophysical and climatic ones in Colombia? Given the relative 

importance of this variable in explaining the location of the different land uses, more 

socioeconomic factors should be included in posterior analysis to answer this question. Among 

the climatic variables, temperature and precipitation are also often selected with the backward 

stepwise procedure to explain the distribution of some of the land uses.  

Table 6 shows the relation between the independent variables and two of the seven land uses 

modeled using logit. In these two classes, the location of the National protected areas was not 

statistically significant in explaining their presence or absence. 
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Intercept - (***) - (***) - (***) + (***) - (***) + (***) - (***) - (***) - (***) - (***) - (***) - (*) + (***) - (***) + (***) - (***) - (***) - (***) - (**)

protected areas - (***) + (***) - (***) - (***) - (***)

Elevation + (***) + (***) + (***) - (***) - (***) + (***) + (***) + (***) + (***) + (***) + (***) + (***) + (***) + (***) + (***) + (***) + (***) - (***) + (***) + (***)

Slope + (**) - (***) + (***) - (***) - (***) - (***) + (**) - (***) - (***) - (***) + (***) + (***) + (***) + (***) + (***) + (**)

Terrain shape index + (**) - (***) - (***) + (**) + (***) + (***) + (***) - (**) + (***) + (**) - (***)

Terrain ruggedness index + (***) - (***) - (***) - (***) - (***) - (***) - (***) + (***) - (***) - (***) - (***) - (**)

Topographic relative moisture index + (***) - (***) + (***) - (***) + (***)

Total curvature + (***) + (***) + (***)

Terrain convergence index - (***) + (***) - (***) + (***) - (***) - (***) - (***) + (***) + (***) + (***) + (***) + (***) + (***) + (***) + (***) + (***) + (***)

Topographic exposure index - (***) - (***) - (***) + (***) - (***) - (***) - (***) - (***) - (***) - (***) + (***) - (***) - (***) - (***) + (***) - (**)

Relative slope position - (***) - (***) - (***) + (***) - (**) + (***) + (***) - (***) + (***)

Time to market - (***) - (***) - (***) - (***) - (***) - (***) - (***) - (***) - (***) - (***) - (**) + (***) + (***) + (***) - (***) - (***) - (***) - (***) - (***)

Yearly average temperature + (**) + (***) + (**) - (***) + (***) - (***) + (***) + (***) - (***) + (***) + (***) - (***) - (***) + (***) + (***) - (***) + (***) - (***) + (***) + (*)

Yearly Annual precipitation + (**) + (***) + (***) - (***) + (***) - (***) - (***) + (***) + (***) + (***) - (***) + (***) - (***) - (***) - (***) + (***) + (***) + (***) + (***)

Ombrothermic index - (***) - (***) + (***) - (***) + (***) - (***) - (***) - (***) - (***) - (***) - (***) - (***) + (***) - (***)

Ombrothermic index of the 2(3) driest months - (**) - (***) - (***) - (***) - (***) - (***) - (***) - (***) - (***) - (***) - (***) + (***) + (***) - (***) - (***) - (***) - (***)

Intensive agriculture Man made pastures Natural grass and shrublands Perennials biofuels
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Intercept - (***) - (***) - (***) - (***) + (***) + - (***) - (***) - (***) + (***) + (***) - (**) + (***) - (***) + (***)

protected areas + (***) + (***) + (***) + (***) + (***)

Elevation + (***) - (***) + (***) - (***) - + (***) + (***) + (***) + (***) - (***) - (***) - (***) - (***) - (***)

Slope + (***) - (***) - + (***) + (***) - (***) - (***) + (***) + (***) + (***)

Terrain shape index + (***) - (***) - - (***) + (***) + (**)

Terrain ruggedness index + (***) + (***) + (***) - (**) - - (***) - (***) - (***) - (***) + (***) + (***) - (**) + (***)

Topographic relative moisture index + (***) + (***) - (**) - + (**) + (***) + (***) + (***) + (***)

Total curvature - (***)

Terrain convergence index - (***) - (***) - (*) + (***) + (***) - (***) - (**) - (***) - (***) - (***) - (***) - (***)

Topographic exposure index - (***) - (***) - (***) - + (***) + (***) + (**) + (***) + (**)

Relative slope position - (***) + (***) + (***) - (***) - (***) - + (***) + (***) + (***) + (***) + (***)

Time to market - (***) - (***) - (***) - (***) - (***) - - (***) - (***) - (***) - (***) + (***) + (***) - (***) + (***) + (***)

Yearly average temperature + (***) + (***) + (***) + (***) - (***) - + (***) + (***) - (***) - (***) + (***) - (***) - (***) + (***)

Yearly Annual precipitation + (***) + (***) - (**) - (***) - + (***) + (***) + (***) + (***) + (***) - (***) + (***)

Ombrothermic index + (***) - (***) - (***) + (***) + (***) + - (***) + (***) - (***) + (***) + (***) + (***) + (***) - (***)

Ombrothermic index of the 2(3) driest months - (***) - (***) - (***) - (***) + (***) - + (***) - (***) - (***) - (***) + (***) + (***) + (***) - (***)

Secundary forests Transitory anual agriculture Forests

 

Table 6 Coefficients (ɓ) 

of the logit regressions 

that explain the 

relationships between 

the independent location 

variables and the land 

use classes Extensive 

Agriculture and Man 

made Pastures in the 5 

regions defined for 

Colombia. 

 

 

Notes: Signs for each cell indicates positive relationship (+) or negative (-), asterisks indicate significant degree, (***) < 0,001, (**) 

< 0,01.  

  



Suitability maps for each land use/cover were built based on the results of the logit models 

describing the probability of location for each class (Figure 5). As a highlighted result, the 

suitability map for Natural Forests had high values in almost all the country (even in the 
Caribbean where the predominant current land use is Man made pastures), and with the 
exception of the Orinoco region where forest exist as linear strips in the places where edaphic 
and hydrological conditions are appropriate and the 1 km² scale resolution is not useful to model 
these characteristics.  

 

Figure 5 Suitability Maps for the analyzed Colombian land use types 



Demand 

Markets first Scenario 

In this scenario it has been assumed that Colombia is under a market first economic policy during 

the last years and the tendencies will be maintained until the year 2030. After the first years of the 

90ôs the country opened towards a global economy where economic forces rule the markets with 

a minimal government control. A rapid and maintained economic growth has prevailed but, on 

the other hand, market forces have echoed in significant losses of the traditional agriculture 

products that can not compete with globalized markets. High environmental degradation has been 

caused due to an uncontrolled growth.  

Census driven information about the tendencies for each of the agriculture land use classes was 

collected from CEPAL (2006), where there is a 45 year information series for the country.  Using 

this database, the tendency for Transitory and annual crops was derived from summing up for 

each year the areas of the following crops: rice, sorghum, sugar cane, wheat, cotton, soy and 

irrigated crops. Man made pastures and Permanent and Biofuel crops information was gathered 

directly from de CEPAL database. Information for the Extensive agriculture was collected from 

DANE (2006) that has a 25 year series. (Figure 6). 

The slope of the linear regression for each of these land use class and their area in the year 2000 

(obtained from the land use map), were used to project the tendencies up to the year 2030. 

 

Figure 6 Extension of  the different agricultural land uses in Colombia  from 1960-2005 

According to CEPAL (2006) the annual media variation of the natural forest area for Colombia is 

-0.1 and the annual media variation for plantations is 5.8. These rates of loss and gain were used 

to project their area up to the year 2030. There is no information about the natural grass and 

shrublands annual rates of variation, therefore we assumed that they have the same loss rates as 



the countries natural forests. Secondary forest area for each year was derived from the 

subtraction of the area of all the other projected land use types. By doing this it is expected that 

this land use class will diminish in area during the 30 year period of the analysis. 

Policy Reform Scenario 

The policy reform scenario proposed by Raskin & Kemp-Benedict (2002) considers structural 

changes that would promote or inhibit certain land use classes after a growing consciousness of 

the importance of environmental and social well being. Sustainable development policies will be 

proposed that will diminish the deforestation rates and land use degradation. In this scenario 

global awareness is the factor that helps to slow down the speed of land use change and 

degradation.  

The scenarios predict an increase of agriculture in the policy reform scenario and a reduction of 

the Man made pastures areas in comparison to the market forces scenario. The following 

assumptions were taken into account to build the policy reform demand scenario: 

Á The Natural forest and Natural grass and shrublands area in the year 2030 will be the 

same as the area of this same class for the  year 2015. 

Á Man made Pastures would be reduced to half the area of market forces scenario for the 

year 2015. From that year onwards, the reduction would be 4 times less than in the 

market forces scenario. 

Á Plantations would have the same predicted behavior than in the market forces scenario 

until the year 2015. Afterwards they have a 1.5 yearly increase. 

Á The three agriculture land uses are triplicated with respect to the Market forces scenario 

until the year 2015. Afterwards they have and increase with respect to that scenario of 

0.1. 

In general, for both scenarios, the land use with higher national demand with respect to what 

exists now is Plantations. The land use types Natural forests, Secondary forests and Natural 

grass and shrub lands are the only ones that would decrease in area from 2000-2030. In the 

policy reform scenario Man made Pastures would have an area reduction with respect to the 

market forces scenario, but in the latter there would be less agriculture areas (Figure 7). 

 

Figure 7 Rate of variation (2000-2030) for the different Colombian land use types. 



Land use Maps for the years 2000 and 2030 

The more transformed Colombian regions for the year 2000 are the Andean and the Caribbean 

ones (Figure 8). Even though, the first has large natural forest patches in the eastern and western 

piedmonts and the latter has remnants of dry forests, large extensions of natural wetlands and the 

naturally conserved ñSierra Nevada de Santa Martaò. The Orinoco and the Amazon maintain a 

highly pristine condition and most of the land use classes are concentrated in the piedmont areas.  

Agriculture is predicted not to be suitable in the Amazon, with the exception of some areas with 

pastures in the piedmont. This can be explained by the allocation considerations of CLUE. Pixels 

of one land use class are allocated in areas near to preexistent pixels of this land use class. Given 

the pristine condition of this region for the baseline year, the allocation of the changed pixels 

tends to concentrate in the piedmont areas where is located the current agriculture is located. 

Nevertheless this could not always be the case, given the percolated dynamics of fragmentation 

associated with illegal crop production in the Colombian Amazon (Armenteras & Villa 2006).  

The forest and savannas of the piedmont in the Orinoco basin are predicted to be transformed to 

agricultural areas by 2030 for both scenarios. The difference between scenarios is the velocity of 

those changes.  

Demand for Market forces scenario projected an increase of Permanent crops and Biofuels for the 

next years. The result of the model allocated those increases in the Caribbean, near the Chocó 

region and specially, in the Orinoco piedmont on behalf of the gallery and tropical forests that 

actually exist there. Natural grasslands were converted to Man made Pastures in the Orinoco 

piedmont for the two scenarios, but as in the case of the land use allocation in the Amazon, there 

is uncertainty in the models effectiveness to predict the allocation of change for this land use for 

the eastern part of the region, where conditions are very pristine and there were no agriculture 

land uses in the baseline year. 

Logit model was not effective to predict plantations, due to its small area on the baseline year in 

comparison to the whole study area. However, plantations have a high yearly rate of gain in the 

proposed national land use demands. Using only the demand, elasticity and conversion matrix 

decision rules; this land use is predicted to expand in the Amazonic piedmont of Putumayo, 

frontier with Ecuador. 

For the two scenarios and for the year 2030, land cover change would be concentrated in the 

Caribbean and the Orinoco regions, where natural land covers are expected to be replaced by the 

four agriculture classes (Figure 9). 



 
Departments: 1. Amazonas, 2. Antioquia, 3. Arauca, 4. Atlántico, 5. Bolívar, 6. Boyacá, 7. Caldas, 

8. Caquetá, 9. Casanare, 10. Cauca, 11. Cesar, 12. Chocó, 13. Córdoba, 14. Cundinamarca, 15. Guainía, 
16. Guaviare, 17. Huila, 18. La Guajira, 19. Magdalena, 20. Meta, 21. Nariño, 22. Norte Santander, 
23. Putumayo, 24. Quindío, 25. Risaralda, 27. Santander, 28. Sucre, 29. Tolima, 30. Valle del Cauca, 
31. Vaupés, 32. Vichada 

Figure 8 Land Use Land Cover Map of Colombia for the year 2000 
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3.1.3.2 Biodiversity Changes 

Biodiversity Changes were evaluated by the results and the subproducts of the GLOBIO 

methodology. 

Even though Nitrogen deposition was not taken into account for this analysis and its effect could 

reduce even more the total MSA values due to its effect on the eastern savannas of the Orinoco, 

the remnant biodiversity for Colombia for the year 2000 is 70.3%, which is just below the world 

average according to Alkamade et al. (2006). Colombia is a Biodiversity Hotspot with 10% of the 

global species biodiversity and the meaning of this MSA result should be revised using other 

auxiliary information and its interpretation should be done taking into account the high levels of 

biodiversity of the country in relation with its relative area.  MSA for fragmentation is just 1.8%, 

and climate change and infrastructure have also low values for the index in the year 2000. The 

driving factor that is affecting more the MSA loss is land use change (25.4%), this value is 6.4% 

higher than the global average and this factor alone is the one that is contributing to the low MSA 

result. 

MSA values are low in the Andean and Caribbean region, where most of the Colombian 

population is concentrated in a long history of landscape transformation and where a variety of 

land uses interact. Even though, the Andean region is one of the 25 world biodiversity hotspots 

(Myers 1998) with unique endemisms and diversity centers (Davis et al. 1997). The Caribbean 

region is characterized by its wetland diversity, nevertheless GLOBIO is a terrestrial model and 

does not evaluate effectively the diversity loss for this ecosystems that have a large extension in 

the region. 

The Amazon, the Orinoco and the Pacific regions have high MSA values for the year 2000, for 

there are zones where logging activities associated with colonization processes have transformed 

the natural forest to secondary ones diminishing the MSA index. (Figure 10a). 

Amazonas, Vaupes, Guainía and Guaviare are all amazonic Departments and they have the 

highest remnant biodiversity values of the country.  In contrast, Atlántico and Cesar; both located 

in the Caribbean region, have the lowest biodiversity remnant values and the reduction of their 

MSA index is due mostly by land use change. Arauca and Casanare are located in the Orinoco 

and they are the departments where the contribution to MSA loss is due to more driving factors 

different from land use (Figure 10b). 
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Figure 10 MSA Map for Colombia and contribution of each 

factor to biodiversity loss in each Department for the year 2000 

 



There is a difference of 0.6% between the MSA results for the market forces and the policy 

reform scenarios. This slight difference is due to the higher contribution of land use to the loss of 

MSA in the first scenario. Climate change is expected to double its contribution to the total MSA 

at national level for the year 2030 (Figure 11). 

The road and population density information was incorporated into the GLOBIO model statically, 

assuming that there will be no change until the year 2030. In the future, this information should 

be incorporated to the model dynamically to highlight the impacts of infraestructure projects over 

biodiversity and Land use. 
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Figure 11 Remnant Biodiversity and loss caused by different driving factors for the year 

2000 and for Market forces and Policy reform scenarios for the year 2030. 

The regions that account for more MSA loss in the 2030 scenarios are the Caribbean and the 

Orinoco, where the land use changes were allocated as a result of the CLUE model. The Amazon 

and Pacific regions have small decreases in MSA while there is some reforestation in the eastern 

and western slopes of the Andes (Figure 12). 

The same tendencies that were observed in the MSA 2000 map are found in the Market forces 

and Policy reform  scenarios for 2030. The Amazon Departments continue to have the highest 

amount of remnant biodiversity and the Atlántico and Cesar the least. For the Departments of 

Casanare, Vichada, Arauca and Meta, located in the Orinoco region, there is an increase in the 

contribution of Climate change in the total biodiversity loss (Figure 13). 
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3.1.4 Conclusions 

To use a national standardized land use and cover map with a regional level CORINE legend 

proved to be very useful for the modeling needs and for the adequate results of the project. A 

multi-temporal land cover change analysis is needed as a validation tool. One of the more 

important characteristics of the hybrid model is its capacity to integrate different 

socioeconomic and biophysical information with land cover and demand characteristics. Even 

though there is detailed socioeconomic statistical information in the country, it was not used 

due to the regional characteristics of the project, but this information at the local level could 

be used to give feedback to the GLOBIO-CLUE model. Socioeconomic and Land cover 

scenario analysis at the regional and national level was the baseline information that is needed 

to do more concrete predictions of land cover change. 

The regions where there is more reduction in MSA given the Markets First and Policy Reform 

scenarios are the Orinoquian and the Caribbean regions. Mining industry and big 

transportation projects are concentrated there; also, in these regions livestock grazing is more 

extended and many of the bio-fuel and permanent crops are been harvested at the cost of 

savannas, gallery and dry forests. 

Also, in the Orinoquian region of the country is where there is less representation in the 

national system of protected areas. Recommendations, actions and policies that increase its 

protection and promote sustainable productive systems should be highlighted. The Caribbean 

region has had a long process of land transformation that goes way behind to pre-hispanic 

times and actually, many of the natural ecosystems that exist are remnants of the dry and 

humid forests that originally existed. Each of these natural patches maintains high levels of 

biodiversity. The Orinoquian region has remained more natural, but it is the actual 

colonization frontier of the country. 

Taking into account some of the uncertainties of the models, the regions that remain more 

pristine in the 2030 scenarios are the Pacific and Amazonian regions, but the Andes is where 

the scenario models predict more areas to increase its MSA. Due to the variability in temporal 

and historical spatial dynamics of land use in the region and its dynamics of land tenure, 

results should be handled with care and its analysis should receive feedback from other 

models at different scales and with different driving factors.  

For Colombia, the driver of change that causes the highest reduction in MSA is Land Cover 

(25.4 % in 2000 to 27.3 % in the MF scenario). How this predictive change affects the natural 

ecosystem composition and pattern and how this is related with its functioning should be 

topics for posterior analysis. Climate Change is projected to have a low and more rapid effect 

in the Orinoquian region, and in sub-xerophitic shrublands of the Andes and the Caribbean. 

Even though, the effect of climate change in the biodiversity of the Andean region has to be 

evaluated more adequately due to the uncertainties of the global climatic circulation models in 

areas of high climatic variability like in the Andes, and the high number of restricted range 

species with a short environmental range that live there. 

Colombia has a total reduction in MSA of 3.9% and 3.3% in the MF and PR scenarios. The 

model does not take into account the importance of hotspots and the relative importance in 

maintaining high levels of biodiversity in these areas. How this reduction affects the 

biodiversity should be taken into account if an evaluation of the reduction in biodiversity loss 

for the year 2010 is to be done.  

In the applied model the transportation network is assumed to remain the same during the 30 

year analysis period. But there are high levels of uncertainty in this assumption given the 

political context of the country. However, to incorporate a new road transportation network in 

the model is easy and the results could be used as a way to draw attention of the impact of 

new transportation projects on biodiversity to decision makers. 
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There are many other sources of uncertainty in the model, for instance the quality of the 

available spatial data is limited and we are assuming that we have the correct climatic and 

land cover data and that the environmental variables and the logistic statistic models detect 

and control correctly (using spatial extrapolation) the relations and limits of the different land 

uses. Also, with this methodology it is assumed that the weight for each MSA sub index is the 

same. In this sense, other alternatives that consider the different weights between the sub 

indexes could be considered for the estimation of the MSA (e.g. Saisana et al. 2005) 

Different policies and managements may influence the rate of land use change; these results 

should be shown to decision makers with effective communication skills as a way to turn the 

tendencies and as a tool to take better decisions related with proposed infrastructure, biofuel 

and mining sector projects. The MSA model has, as one of its more typical applications, its 

communication possibilities to both scientists and decision makers and this should be boosted 

up. 
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3.2 Ecuador 

3.2.1 Introduction 

Continental Ecuador has an area of approximately 248 100 km
2
. It has been estimated that this 

country, with the approximate size of the state of Nevada, harbors between 5 and 10% of the 

global biodiversity (measured as species number). However, in spite that 17% of the area of 

Ecuador falls inside the national system of protected areas (SNAP), it has been found that 

much of this countryôs biodiversity still faces important threats from anthropogenic activities. 

For example, a recent study estimates that the average of remnant distributions for birds and 

plants in the Andean region is 52%, while it would be 42% for the Coast. In the same study, it 

is estimated that the average level of representation inside the SNAP of a set of bird and plant 

species selected as proxies of the conservation status of biodiversity is 49 and 86% 

respectively in the highlands. In the coast, the average representation of bird species inside 

the SNAP is only 11%, while for plants this level is 14%. These figures reflect important 

challenges in the future for the persistence of Ecuadorôs biodiversity. 

The high levels of environmental heterogeneity in Ecuador are mirrored by the diversity of 

productive systems and the heterogeneity of its social and natural landscapes. Historically, the 

coastal region has experienced the development of highly intensive productive systems linked 

to international markets. The roots of this process are the existence in the region of fertile 

soils and a seasonally dry weather, especially in the southern portion of the Coast (Murphy & 

Lugo 1995). In parallel, the second half of the past century witnessed an important process of 

migrations to the cities and the areas dedicated to the production of agricultural goods for 

international markets. As a consequence, the landscapes in the central and southern portions 

of the Coast are dominated by crops such as banana plantations, rice and sugar cane. In 

contrast, the moister region in the north of the Coast has less intensive agriculture and the 

most important land use systems are associated with the extraction of tropical hardwoods by a 

complex set of actors that include smallholders, wood exporting companies, and middlemen 

(Sierra & Stallings 1998; Sierra 2001).  

The Ecuadorian Andes have experienced long term processes of human use that pre-date the 

Spanish conquest (Denevan 1992). The colonial era marked an important process of 

accumulation of land ownership, where the most productive lands located at the bottom of the 

inter-Andean valleys were allocated to large operations, while the less attractive lands located 

at higher elevations were used by smallholders, mostly of indigenous origin. The land reform 

processes that took place at the end of the 1960s and beginning of 1970s had limited impacts 

and the described patterns of land ownership still prevail in important areas of the Ecuadorian 

Andes (Caviedes & Knapp 1995). In this context, the conversion of ecosystems in the 

Ecuadorian Andes to agricultural uses has been widespread. The active agricultural frontier is 

situated near the Páramo ecosystems, where the main agricultural systems correspond to 

complex associations of annual crops operated by smallholders, or extensive uses of the 

territory related to cattle grazing. 

The Amazon region of Ecuador has experienced the most recent process of intensification of 

human intervention in relation to the Coast and the Andes. In the second half of the past 

century, the coverage of road infrastructure in this region was expanded, in a process 

associated with the beginning of oil exploration and exploitation activities. Given the 

conditions of high demand for suitable land in the Andean region, the process started an 

important period of migration to the Amazon region in the 1970s (Walsh et al. 2002). The 

main environmental changes resulting from these processes has been the deforestation and 

fragmentation of tropical forests, especially in the northern part of this region, associated with 

cattle ranching and industrial mono-crops (e.g. oil palm) (Sierra 2000). The southern part of 
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this region remained more isolated, and in this area mixed-economy agricultural systems 

dominate. 

3.2.2 Methodology 

The implementation of the GLOBIO3 methodology in Ecuador allowed the assessment of the 

general state of biodiversity conservation for the year 2000. In addition, scenarios of the MSA 

indicator were created for the year 2030. Figure 14 depicts the general methodological 

strategy used in the generation of the scenarios. 

 

LUC 2000 FRAG INFRACC

MSA 2000

CLUE

GLOBIO

LUC 2030 MF LUC 2030 PR

MSA 2030 MF MSA 2030 PR

 

Figure 14 Methodological framework used to asses the biodiversity state for year 

2000 and for market forces (MF) and policy reform (PR) scenarios for year 2030 

In the methodological framework presented in figure 14, the main driver of pressure projected 

to the year 2030 is land use and land cover. Other pressure factors that also change for the 

year 2030 are fragmentation (resulting from LUCC) and climate. Below the implementation 

of the CLUE is presented for the generation of land use and land cover scenarios for the year 

2030. Afterwards the generation of pressure factors and the total MSA calculation are 

described. 

The final activity in the implementation of the methodology GLOBIO3 - CLUE was the 

socialization of the main results to different audiences in order to receive comments and 

suggestions to the methodology and results. Two workshops were held for discussion, the first 

aimed at a group of researchers in the field of conservation and biodiversity management, and 

the second aimed at a group of decision makers in areas related to environmental planning.  

3.2.2.1 Implementation of CLUE in Ecuador 

Soils and land cover data sources 

The base information used in the generation of the land use scenarios is the Map of land cover 

and land use for the year 2000 generated by the PROMSA project for Ecuador (MAG-IICA-

CLIRSEN 2002). This map was generated using a combination of digital classification and 

visual interpretation accompanied by a process of extensive field validation. This map depicts 

six main natural and anthropogenic land use and land cover classes: 1) forest vegetation, 2) 

pastures, 3) crops (monocrops and associations), 4) water bodies, 5) eroded areas and 6) other 

(e.g. glaciers). In addition, the map implements a cartographic representation that depicts both 

pure classes (e.g. 100% banana plantations) and associations with different levels of 

dominance (e.g. 70% agroforestry ï 30% pastures, 50% forest ï 50% pastures). The map 

contains 32 pure classes and 172 associations. 
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The map was visually edited using as a reference a set of ASTER images for the period 2000 

ï 2001. The edition process included the spatial redefinition o the boundaries of some 

polygons and / or the change of attributes in other cases. Finally, with the purpose of adapting 

the map to the requirements of the MSA indicators, the original classes in the land use and 

land cover map were reclassified using the thematic definition attached to the MSALUC classes 

(table 1). The resulting classes are listed in table 7. The field ñModeled land useò indicates 

which land use and land cover classes were used in the regression modeling stage (Section 

4.1). The classes of bare soil, water bodies and urban areas were assumed constant for the 

modeled period. The natural vegetation classes decrease as a result of the increment in area of 

the modeled land uses. Therefore, no models were estimated for these classes. The 

reclassified land use map was transformed to a raster format at a resolution of 1 km
2
 using a 

nearest neighbor assignation. 

Class Abbreviation Area (km2) % 
Land use 
modeled 

Primary forest BP 118 133 47.61 No 
Forest Plantations PF 182 0.07 No 
Fully managed irrigated agriculture AT 8 119 3.27 Si 
Commercial intensive agriculture AI 16 877 6.80 Si 
Perennial crops and bio-fuels CP 17 733 7.15 Si 
Shrublands and grasslands PN 38 120 15.36 No 
Artificial Grass PP 43 879 17.69 Si 
Bare soil / Rocks / glaciers SD 1 035 0.42 No 
Lakes AN 1 744 0.70 No 
Reservoirs AA 342 0.14 No 
Eroded land / urban areas AE 1 949 0.79 No 

 TOTAL 248 113   

 

Table 7 Reclassified land use classes from the PROMSA land use and land cover map 

Transition rules 

The present implementation of CLUE did not include restrictions on land use change due to 

spatial policies. In its place, protected areas were included as a variable in the generation of 

models of land use and land cover (See page 44). The logic behind this methodological 

strategy is that many protected areas in Ecuador contain areas dedicated to anthropogenic 

uses. It was therefore decided to estimate the effect of the existence of the protected areas 

rather than take a very restrictive policy (e.g. not consider deforestation processes within 

protected areas). 

The parameters of elasticity considered for the land uses included in CLUE are found in table 

8. The values of stability used confer greater stability to the natural vegetation classes. 

Similarly, the land use classes were sorted according to their value of elasticity, giving it 

greater facility in ascending order to pasture, intensive agriculture, technified agriculture, 

perennial crops and forest plantations. 
Class Elasticity BP PF AT AI CP PN PP 

Primary forest 1.0 + + + + + - + 
Forest Plantations 0.9 - + + - + - - 
Fully managed irrigated agriculture 0.7 - + + + - - + 
Commercial intensive agriculture 0.5 - + + + + - + 
Perennial crops and biofuels 0.8 - + - - + - - 
Shrublands and grasslands 1.0 - + - + - + + 
Artificial Grass 0.0 - + + + + - + 

Notes: The signs (+) and (-) indicate that the transition from the current use (column) to the future use 

(row) is permitted or not, respectively. The classes bare soil, natural and artificial water bodies, eroded 
areas and urban areas were not projected in the scenarios (i.e. maintain a constant area). 

Table 8 Transition matrix and elasticity parameters used in the implementation of 

CLUE  
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Demand 

Two scenarios of future demand for land use and land cover were generated for year 2030. 

These scenarios are based on the information generated by Raskin and Kemp - Benedict 

(2002) at South Americaôs level for the Third Review of the Status of the Global Biodiversity 

Outlook (GEO-3). In that study, two possible estimates of growth in land use were generated 

based on narratives for four possible future scenarios. We used the narratives and data for the 

"Market Forces" (MF) and "Political Reform" (PR) scenarios to create two land use scenarios 

for year 2030. 

Distribution Models 

Empirical models were implemented to estimate the "preference" or suitability across the 

landscape for the technified agriculture, intensive agriculture, crops and perennial grasses 

land uses (table 7). The dependent variable was a binary map with value 1 for every 

occurrence of the above land uses and 0 for the remaining classes. The independent variables 

used in the models were: 

Topographic variables: elevation, slope, planiform curvature, relative slope position, terrain 

convergence index, terrain ruggedness index, topographic relative moisture index, 

topographic exposure index, terrain shape index. 

Climatic variables: yearly annual precipitation, ombrothermic index, ombrothermic index of 

the 2 driest months, thermicity index 

Accesibility variables: time to market 

Legal protection system: natural protected areas 

Soil variables: soil depth, soil drainage class, soil fertility. (Source: Mapa de Suelos del 

Ecuador, scale 1: 1ô000 000) 

Description of the topographic, climatic, accessibility and legal protection system variables 

are shown in 6.1. 

 

To avoid potential problems of multicollinearity introduced by the topographical variables, 

exploratory analyses were conducted to select a subset of independent variables with lower 

correlation among them. To this end, a factor analysis was made to generate a matrix of 

rotated components (Principal Component Analysis, with Varimax rotation). The analysis of 

the components allowed identifying variables that potentially would be contributing with the 

same information (ie variables correlated). The variables used for models are listed in table 

10. 

To include regional differences in terms of biophysical and socio-economic dynamics 

associated with different types of land use, empirical models were constructed for six sub-

regions within continental Ecuador. The sub - regions were defined on the basis of general 

biophysical differences as historical criteria that are considered to have influenced and 

influence the productive dynamics observed in the present (figure 15). 
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Figure 15 Sub regions defined in continental Ecuador for modeling land use  

Samples of pixels to calibrate the models were created using the utility FileConvert V 2.0 

which is part of the CLUE platform (Verburg 2005). This tool allows creating a random 

sample of observations to estimate the coefficients of logistic regression for each land use to 

be modeled. To generate the samples a selection of 10% of the area of Ecuador (i.e. ~ 24,800 

points) for each land use modeled was defined. Additionally, a minimum distance between 

each observation of at least 2 pixels (i.e. 2 km) was used to control as far as possible the 

autocorrelation between observations. Finally, the observations in the sample so obtained 

were classified by sub-region (figure 15). The regressions were estimated for each sub-region 

for the land uses that were considered would have a more dynamic change in the modeled 

period (table 9). Additionally, certain uses had very marginal areas in some sub-regions and 

did not appear represented in the sample. 

Class Coast 
South 
Andes 

Andes 
west 
side 

Inter-
andean 
valleys 

Andes 
east side 

Amazon 

Fully managed irrigated agriculture 745 12 33 14 0 0 
Commercial intensive agriculture 389 200 193 799 16 61 
Perennial crops and biofuels 1064 60 379 40 72 166 
Artificial Grass 2186 261 315 404 215 1049 

Note: The gray highlighted results in the table were modeled. 

Table 9 Land uses modeled by sub-region. The cell values correspond to the size of 

the sample for use/sub-region.  

The models for each land use were generated using a Backward stepwise selection method 

with probabilities of 0.01 and 0.02 for entry and exit, respectively. The resulting models were 

evaluated using the AUC index, which measures the area under the ROC curve (Receiver 

Operating Characteristics). The calculations were made using SPSS V. 15. 

3.2.2.2 MSA values calculation for the continental Ecuador 

The values of the MSA were calculated for the continental Ecuador at year 2000 and for the 

two land use scenarios (MF, PR) at year 2030 (figure 14). The calculation was made using the 














































































































































