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Abstract

           The difficulties associated to the making of decisions regarding the classification of the territory in the rural areas of our country, and the access limitations to the technologies that support the space analysis and generation of cartographic models, have impelled the development of efforts aiming at the implementation of a GIS that allows us to monitor the impact  and changes   of modernization process in the rural space.  

           Land use/land cover change (LUCC) is a focus of the research of global landscape changes. The Central Chile Region , which are the most dynamic  areas as well as with most notable LUCC, have been on the rural areas in our country. 

            It is suggested for the study of  land use changes in a selected area of the  Maule Region, a work outline that should be lean  in the  use of GIS  and in the implementation of  spatial analysis models that  have been used with success in similar studies. It is a conceptual approach that looks  to define the methodological strategy in the preliminary stage of a project that this beginning this year and that it looks  to generate the cartographic models that show us in the next steps the dynamics of changes in the study area.

Introduction

           The economy globalization process has directly influenced on the land use and the rural landscape modifications in Central Chile, and it sets demands for different purposes, among which the demand of agricultural soils to increase the surface and productivity of the so-called export crops, as well as the satisfaction of the residential necessities (rural housing in this case) of the agricultural workers, are an example. This last process has been notably intensified during the last years in almost all the rural areas next to the big cities, which has meant the loss of agricultural soils untying a speculation in the sale and transfer of lands, as well as transformations that directly affect the rural landscape (Pino, 2005).  

           In the new globalization context, the effective economic pattern in Chile has had a main role in the generation of foreign currencies and of employment linked to the primary activities, mainly those bound to the external markets, as forestry, fruit crops and fish, among others. The above-mentioned is what has been denominated as the Process of Agricultural Modernization of our country. The process of such agricultural modernization is not more than the occurrence of other associated processes that are chained and related, originating results that have such temporary and space dimension as the technological innovation, the productive convertion and the productive orientation.

           On the other hand, the use of new technologies in the agriculture has allowed to incorporate new lands to the productive processes and has facilitated the traffic from a traditional agriculture, rather extensive, with prevalence of cereals, leguminous, and others vegetables, toward fruit-bearing and vineyards, to name the most important.    

           From the methodological point of view we think that the implementation of  Geographical Information  System (GIS) and the cartography elaboration with the support and  use of satellite images, and spatial analysis models use, will facilitate the study of these space transformations (LUCC), contributing to the understanding of these changes; something which will allow to the goverment authorities to visualize what could be future tendencies that will have to contemplate to take the appropriate political measures by means of an informed territorial planning.    

Background

           The modeling and projecting of land use change (LUCC) is essential to the assessment of consequent environmental impacts. In agricultural landscapes, land use patterns nearly always exhibit spatial autocorrelation, that is due in large part, to the clustered distribution of landscape features as  crops, settlements, factories, and infrastructure ,all they common in our study area, and also to the spatial interactions between land uses types itself. 

           The importance of such structural spatial dependencies has to be taken into account when conducting land use projections, more especially as landscape features influence the precision of land use and land cover classifications of remote sensing imagery. Some of the analysis models that we plan to use, are described shortly next.

Objetives

· To design a methodological strategy based on  GIS, remote sensing,  and spatial analysis models  use to describe and evaluate the changes happened in the land use and land cover (LUCC) during the last twenty years.  

· To revise the current state in the development and applications of the spatial analysis models and to determine the application feasibility in our study area   

· By means of  Markov and Cellular Automata models use to generate LUCC  and  probability maps of future transformations to support the processes of planning and resources administration, in the rural landscape of   Maule Region.

Cellular  Automata (CA)

           Cellular automata (CA), that provide a powerful tool for the dynamic modeling of land use changes, are a common method to take spatial interactions into account. They have been implemented in land use models that are able to simulate multiple land use types (Houet  and Hubert , 2006).

            In comparison with traditional approaches based on differential or difference equations (Baker 1989), the CA has advantages. CA can incorporate spatial component. And they address dynamism with simple rules, which increases computational efficiency. Since computational efficiency translates into better handling of dynamism (White et al. 1997) CA becomes favorites to many modelers.

           The advantages of CA are many. The construction of model is simple and easy. It has an ability to perform spatial dynamics, and time explicitly. After Analyzing the similarities and capabilities of CA it was proposed by Wagner (Wagner 1997).that CA can be considered as analytical engine of GIS. Raster GIS with map algebra can be integrated with enhanced capabilities as discussed by Takeyama et al (Takeyama et al. 1997).

           CA is considered to have a “natural affinity” with raster data. It has similarities with GIS, such as both represents attribute information in a layered fashion, and manipulate that information with operators (Kumar, 2003).

           GIS has direct analogous with neighborhood functions. Having a natural affinity with the GIS it was obvious to have adopted by geographers as a tool for modeling spatial dynamics Land use activity is a major issue and challenge for town and country planners (as well as environmentalists) to design the Eco friendly and sustainable economic growth. The human activity for development is forced against the environment, which results in consequences such as soil erosion, global warming, pollution (Kumar, 2003). 

Markov Chain Models

           The underlying tenet of a 1st order Markov process is based on the probability that the system will be in a given state (land class) at some time t2 is deduced from the knowledge of its state at time t1. Therefore, the probability does not depend on the history of the system before time t1. When a Markov process moves from one time step to the next, the transition from one state to the next only depends on that given state and not on how the process has arrived in that state. In other words, history plays no role in the future. 

    The Markov model is one of the most used mathematical models describing dynamic changes in natural resources and eco-environment. This model has been widely used in forecasting vegetation succession, soil erosion evolvement and land use change (Hulst 1979, Turner 1988, Xu and Zhao 1993, Wang 2000). 

    The key of using this model is to obtain P, the initial transition probability matrix for the purpose of reciprocal transformation among different land use types. The mathematical expression of P is as follows: 
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     In this expression, N is the number of land use types in the target area, and is the probability of transition of type i into that of type j from the initiation to the end.

The MARKOV-CA based model is processed produces:

           A transition probabilities matrix which determines the likelihood that a cell or pixel will move from a land-use category or class to every other category from date 1 to date 2. This matrix is the result of cross tabulation of the two images adjusted by the proportional error and is translated in a set of probability images, one for each land-use class.

           A transition area matrix which records the number of cells or pixels that are expected to change from each land-use class to each other land use class over the next time period. This matrix is produced by multiplication of each column in the transition probability matrix by the number of cells of corresponding land use in the later image.

           This Markovian model also outputs a set of conditional probability images. Taken from the transition probability matrix, the images report the probability that each land cover type would be found at each location, in the next future phase, as a projection from the later of the two land-use / landcover images (Houet  and Hubert , 2006).
GIS and Carthography

           Adding the spatial component in the model was evolutionary concept in the Cartographic modeling in 1960s and 1970s. From the 1980s to current the focus has been on the spatial modeling.  A cartographic model tends to be more static, meaning it depicts spatial variation in quantitative data, but does not tell about the spatial influence on the variation. The cartographic data model uses points, lines and polygons (topologically encoded) with one, or only a few, attached attributes, such as a land use layer represented as polygons with associated land used code. 

           Spatial models can be seen as the extension of the Cartographic models. It has all those geometric shapes mentioned in cartographic model with set of multiple associated attributes A spatial model depicts spatial processes, or the influence of spatial factors on spatial variation. Finally, spatial models can supply a more 'realistic' view of reality than a cartographic model - as spatial factors can have great influence on the variability of a statistic. 

           A spatial model is the integration of spatial components into mathematical models. With spatial models, spatially dependent factors (e.g. distance or slope) can be incorporated with other statistical data (e.g. population or agricultural production) variables can help to refine model solution and yield better results.

           Since the evolution of cellular automata, it is being used in many disciplines ranging from sciences to commercial fields. Because of its capabilities to address the complex patterns with the help of very simple transition rules it was accepted in every corner of the field of research. In comparison with traditional approaches based on differential or difference equations the CA has advantages. CA can incorporate spatial component. And they address dynamism with simple rules, which increases computational efficiency. Since computational efficiency translates into better handling of dynamism CA becomes favorites to many modelers.

           The advantages of CA are many. The construction of model is simple and easy. It has an ability to perform spatial dynamics, and time explicitly. After Analyzing the similarities and capabilities of CA it was proposed by Wagner that CA can be considered as analytical engine of GIS. Raster GIS with map algebra can be integrated with enhanced capabilities. CA is considered to have a “natural affinity” with raster data. It has similarities with GIS, such as both represents attribute information in a layered fashion, and manipulate that information with operators (Overlay in GIS, Transitional rules in CA). The focalsum or focalmean functions of GIS has direct analogous with neighborhood functions. Having a natural affinity with the GIS it was obvious to have adopted by geographers as a tool for modeling spatial dynamics here an attempt was made to integrate non-spatial information with spatial information using GIS (Kumar, 2003). 
           These models can thus be directly connected to raster data surfaces used in proprietary GIS (geographic information systems). They are being used as much to implement map algebras on raster grids as in IDRISI, for example, as to simulate the intrinsic dynamics of systems that can be represented in this form.

Proposal 

           The work diagrams presented in this opportunity constitute our proposal in the first stage of  project ,  that start in this year,  it can be seen shortly next: 
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Fig. 1
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Fig. 2

[image: image4.png]PHASE Il MAPS PREDICTION OF FUTURES CHANGES

MARKOVIAN MODELING [ Gis
LANDCOVER MAPS
1987 - 2007
CELLULAR AUTOMATA
MODELING
TRANSITION PROBABILITY | [TRANSITION AREAS MATRIX
MATRIX
SET OF CONDITIONAL Definitions |+ LarTice (ceLLspace)
PROBABILITY IMAGES T
CELLSTATES
STCHOICE DISAGGREGATE EVxED - FUnCTIONAL
i NEIGHBORHOODS
CA-MARKOV FILTER 1
TRANSITION RULES
CELLATOM
RESULTS





Fig. 3

                In the proposal three phases are observed that can be considered lineal and related, the first one (Fig. 1) that indicates the steps to continue for obtaining   space data for 1987 and 2007 highlighting. It will be used for this purpose LANDSAT TM images. The suggested preprocessing digital and classification  should facilitate the obtaining of scenes that it show the LUCC during analyzed period. These scenes are fundamental for  maps land use and land cover elaboration. It will be used ERDAS and PCI Geomatica 9.1 software to support this phase.  

                 Then in a second stage  (Fig. 2) two scenes are used to carry out the analysis of changes and to obtain the respective maps of  two dates that define the period of finally analysis. The above-mentioned is only possible in a work whit GIS in this case,  software IDRISI Andes, ArcGis 9.1 and Arc View 3.2  

                The second phase objective is to obtain  maps of change and the necessary statistics for the analyses that are carried out next, they highlight some processes like the use of  algorithms  (differenced or band ratioed  and crosstable), the result it is important in the last stage that  explains to himself next.  

                The three phase (Fig. 3) has the purpose of maps  generating    about the future changes and transformations or the probability changes in the near future (LUCC) that could experience the study area. The Markov and CA models implementation, it should facilitate the obtaining of these spatial analysis models, that finally can be used as work tools to land use and resources planning in the future of Maule Region and obviously to support a territorial  planning classification.  
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