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			Preface

			The book will bring together some of the theoretical and empirical perspectives about the application of Geotechnology in the field of urban planning and design. From an integrative viewpoint on Geosimulation, Geovisualization, and Geography information system, we give readers a valuable insight into the following subjects:

			•Simulation of planning policy impacts on urban land use using cellular automaton (CA) and multi-agent system (MAS) process,

			•Visualization of design guideline for improving coordinative design and gaining consensus using virtual reality (VR),

			•Development of planning support tools using geography information system(GIS) and integration GIS with CA, MAS and VR.

			Currently, the three concepts of Geosimulation, Geovisulization and Geography information systems are not integrated to build a complete platform of Geotechnology. For example, Google Earth is an integrated platform of virtual reality and geography information system. The integrated multi-user environment

			based on agent-based simulation and virtual reality is also constructed by Secondlife Inc. In this book, we discuss these three concepts and their intended effects on planning support, respectively, which imply inspirational possibilities of Geotechnology integration in planning practice. Accordingly, this book will be edited as three parts, which are Geosimulation and land use plan, Geovisualization, and urban design, Geography information system and planning support.
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			Chapter - 1	Geosimulation and Land Use Plan

			1.1	Introduction

			In planning practice, planners and policymakers frequently investigate urban forms, particularly urban growth boundaries (UGBs), using scenario analyses(SA) by regarding development policies as scenario conditions in urban simulations(i.e., Klosterman 1999; Landis 1994, 1995). Couclelis (2005), however, argued that routine land-use modeling had done little in the way of future-oriented research such as investigations of desirable or feared future conditions. This chapter uses planning alternatives, specifically UGBs, as scenarios to identify necessary spatial policies for planners. This is the inverse procedure of traditional urban growth SA.

			We propose the concept of “form scenario analysis” (FSA), which we employ to investigate relationships between planning alternatives and corresponding spatial policies. This chapter explains an FSA approach using constrained cellular automata (CA), a tool for matching planning alternatives with necessary spatial policies. We look in particular at form scenarios in order to present the institutional implications of different spatial land-use policy options. This novel exploration of FSA can identify necessary policies as well as policy variations required for different planning alternatives. This differs from traditional applications of constrained CA.

			

			Unlike in the West, Chinese urban planners, mostly working in government-held planning institutions, hold intrinsic notions from the planned economic system when devising alternatives, resulting in development potential factors not well be taken into account. Planners are accustomed to designing urban structures in master plans without sufficient deliberation on spatial policies that are required

			to realize the desired urban form. UGBs produced by planners cannot completely conform to the land-use development plan issued by the national land resource bureau, which is dynamically influenced by social, economic, political, technological, and environmental policies such as eco-sensitive land protection, infrastructure development, and other market economy factors. 

			In planning practice, practical urban growth tends to depart from planned UGBs. An investigation has shown that more than 35% of urban development occurring in Beijing exceeds the urban spaces defined in the original plan (Han et al. 2009). Appropriate policy guidance by planning authorities is necessary to make planned alternatives become a reality in the process of urban development. From this point of view, the government is commonly concerned with spatial policies on spatial constraints that are consistent with planned UGBs. Therefore, FSA has significant practical promise as an approach to extract appropriate spatial policies from planning alternatives.

			This chapter is organized as follows. In Sect. “What Is Form Scenario Analysis(FSA)?”, conventional urban growth simulation and FSA are further introduced. In Sect. “Simulated UGBs Using Conventional Constrained CA,” we employ conventional methods to simulate urban growth boundaries. In Sect. “The FSA Approach for Retrieving Policy Parameters that Fit Planned UGBs,” we elaborate in detail on our new FSA approach using constrained CA. Section “Experiments in the Beijing Metropolitan Area” describes a case study in which we apply the FSA

			approach to four planning alternatives in the latest urban master plan for the Beijing Metropolitan Area. We also describe our research materials, including the study area, spatial constraints, and planning alternatives. The form scenario analysis results are listed in Sect. “Conclusions and Next Steps.” Finally, we give some discussion, a summary, and a description of the next steps of the FSA research.

			1.2	What is Form Scenario Analysis (FSA)?

			1.2.1	Cellular Automata for Simulating Urban Growth Boundaries(UGBs)

			Recently, the process of simulating future urban forms using constrained cellular automata (CA) has attracted extensive attention. The results of such simulations, when viewed as alternative future urban forms based on specific assumptions of spatial constraints and policy environment, can be used as a basis for establishing UGBs.

			Urban sprawl arising from rapid development is a great challenge in sustainable urban development. It is crucial to design appropriate methods for effective control of urban growth. Among various urban growth management policies, urban containment has been widely adopted to increase urban land-use density and protect open space. Urban containment policies usually have three components: greenbelts, UGBs, and urban service boundaries (USBs). Through zoning, land development permits and other land-use regulations and methods, UGBs demarcate urban and rural land uses and aim to contain urban development within defined boundaries.

			In China, concepts resembling UGBs have just started to develop. These ideas are a precondition for land-use planning. The “Urban Planning Compilation Guideline,” issued by China’s State Ministry of Construction on April 1, 2006, requires that city master plans propose “development exclusion areas,” “development control areas,” and “suitable development areas.” Consequently, development exclusion areas and

			development control areas have become important references for identifying the boundaries of urban construction and have played a dominant role in controlling urban growth. In response to this guideline, Long et al. (2006) suggested a zoning method for the three types of areas and established development exclusion and

			control areas in the Beijing Metropolitan Area (BMA). Also, planned UGBs for urban growth management have become indispensable because of the “People’s Republic of China Town and Country Planning Act” introduced on January 1, 2008, gave planned UGBs the legal authority to curb urban growth. The urban planning administrative department issues building permits based on the UGBs. Developments within the planned UGBs are legal, whereas those outside are illegal. Therefore, how planners determine the urban growth boundaries is important.

			The establishment of UGBs involves comprehensive consideration of various factors related to urban spatial development. In Chinese cities, traditional methods of establishing UGBs, mostly based on planners’ experience, often lack adequate scientific basis backed by quantitative analysis and often fail to control and regulate urban growth adequately. Han et al. (2009) examined the effectiveness of the planned UGBs using multi-temporal remote sensing images and found that more new urban construction lay outside the UGBs than inside them in the case of the area within the sixth ring of Beijing from 1983 to 1993 and from 1993 to 2005. Moreover,

			Tian et al. (2008) and Xu et al. (2009) evaluated plan implementation in Guangzhou and Shanghai, respectively. Their results showed that a large number of urban developments were located outside UGBs specified in the urban master plan.

			Cellular automata techniques can simulate UGBs and therefore have been widely used in modeling urban growth and as an analytical tool for complex spatiotemporal systems. Because of the complexity of urban growth, simulations of urban growth need to consider various factors that impact the urban growth process. Simple CA models only consider neighborhood effects, without taking factors the effects of planning policies into account. Therefore, many researchers have turned to constrained CA (CCA) models that allow the simulation to provide a more realistic model of urban growth. Institutional factors, as well as development demands, can be regarded as constraints in CCA simulations to model more reasonable future UGBs.

			In this work, a constrained CA model incorporating macro socio-economic, locational, neighborhood, and institutional constraints is developed to simulate future urban growth as a basis for establishing UGBs. Because simulated UGBs involve various factors that impact the urban growth process, stakeholders will wonder whether planned UGBs are reasonable or whether simulated UGBs are believable. For this, we suggest the use of FSA.

			1.2.2	Form Scenario for Planned Urban Growth Boundaries

			For finding spatial policy solutions for planning alternatives, particularly UGBs, two important steps are how to configure a scenario in an FSA and how to retrieve policy parameters using CCA. An FSA reflects a particular planning alternative, an urban master plan or land-use plan drawn by urban planners reflecting a planned UGB. To describe a planned UGB as a scenario, a dataset of spatial units and related attributes may be used to define an urban form as shown below:
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			Y represents built-up and planned urban areas within the administrative district of city U, which is composed of developed spatial areal units yij that are assigned values over some constant, which represents a threshold of development potential in the CCA simulation. C stands for the function used to determine places that will be developed based on development probability. yij stands for the land occupation status at space ij. yij=1 means that space ij is developed (built-up), while yij=0 means undeveloped.FSA, as a vision of future UGB, can be expressed as
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			In Equation (1.2), x and a are explicit spatial variables with ij subscripts representing spatial locations. A stands for the spatial constraints with respect to factors limiting urban sprawl, such as natural conservation areas, river buffer zones, steep slopes, and other features. X, a dynamic temporal variable, is described as a “policy parameter,” standing for the intensity of the impact that spatial constraints A exert when the corresponding policy is implemented.

			We need to affirm three basic premises to apply FSA to the urban growth process, considering data availability and calculation time. First, the function f should be based on multi-criteria evaluation (MCE). Second, X and A should remain static from the initial step to the end of the simulation. Third, X is homogenous in the urban space.

			In current research on urban growth scenario analysis, there are several competing models. For instance, Klosterman (1999) developed the planning support system “What if?” in which A represents spatial characteristics like soil conditions, flood control, and transportation, and X stands for the force with which spatial policies related to A are implemented. Landis (1994, 1995) and Landis and Zhang (1998a, 1998b), respectively, developed the CUF (California Urban Future model)and CUF-2, in which A stands for spatial characteristics affected by governmental policies on location, environmental conditions, land-use control, zoning, existing development density, and accessibility to development land units (DLUs). X stands for the intensity of the effect of implementing related spatial policies. In our current way of thinking about urban growth scenarios, X and A, input together as one scenario, are used to estimate the corresponding UGB, Y.

			Our FSA approach can be regarded as the inverse procedure of existing thinking about scenario analysis of urban growth. In FSA, the planned UGB is used as the base scenario. Urban planners are concerned with how to make planned urban forms become a reality. From a planner’s perspective, FSA is a method with the potential to identify policy solutions that can control urban growth boundaries to match reasonable planned alternatives. The impact of urban policies is their power to shape the future spatial features of an urban area. The FSA we propose can affirm what urban policies can make planning alternatives come to fruition. Before verifying a planned UGB based on FSA, we simulate the process of identifying UGBs in the Beijing Metropolitan Area using a conventional CCA process.

			1.3	Simulated UGBs Using Conventional Constrained CA

			Planners can gain insight into UGBs using the constrained CA model. First, spatial constraints considered by planners when establishing UGBs can be embedded as variables in the constrained CA. A CCA developed in that way will help planners to quantify the influence of these constraints on future urban forms. Second, planners also consider economic demands, which can be represented by land-use demand as an exogenous variable in the CCA simulation. Third, the constrained CA model can be applied for forecasting future urban growth based on historical trends, allowing planners to establish UGBs using the simulated results.

			The basic concept of the CCA model, as applied to practical urban development, can be divided into two general steps. First, the government identifies total land-use demand and allocates that demand to an urban area. The constrained CA then simulates the probability of urban growth for all individual cells in different stages and identifies the spatial distribution of those cells that are predicted to become developed. Elements influencing the urban growth process in CCA models are selected to incorporate a hedonic model. They include the following:

			1.	Locational constraints: The attractiveness (potential force) of town centers at all levels, the central city (f_tam), new city areas (f_city), towns (f_town), the attractiveness of rivers (f_river), and the attractiveness of roads (f_road). Locational constraints may vary depending on the study area and research purpose.

			2.	Neighborhood constraint: The development potential affected by the neighborhood (neighbor), identified as the ratio of developed cells within the neighborhood. The Moore neighborhood configuration is used in constrained CA, with each cell having nine cells in its neighborhood, including itself.

			3.	Institutional constraints: agricultural land use (Agri), and development exclusion areas (conf). Agri indicates suitability for cultivation and can be used to simulate the government’s control on farmland to keep it from being encroached on by urban development. Conf shows spatial policy, where urban development is forbidden by eco-space protection or disaster prevention regulations.

			Based on the above constraints, we use a multi-criteria evaluation (MCE) set of rules for status transition in the CCA as follows:
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			Fig 3: a set of rules for status transition 
Source: www.google.com 

			Where LandDemand is the total area to be developed in the future; stepNum is the number of cells to be developed in each iteration; sijt is suitability for development;w is the weighting coefficient for each constraint; pgt is the initial transition probability; pgtmax is the maximum of pgt in iteration t; a is the dispersion parameter, which ranges from 1 to 10, pt is the final probability; inStepID is the ID of the sub-iteration; Vij is the status of the cell, and ptmax is the maximum pt in iteration t. The cells to be developed in each iteration are those having the greatest development probability based on development suitability, which is determined by constraints and the weights they are assigned.

			

			These status transition rules differ from those used by Wu (2002), which can be described by the equation Pct = Pg. In Wu (2002), the user sets the neighborhood parameter Ω by the author’s experience, rather than calibrated using observed historical forms. In this chapter, the role of the neighborhood constraint is included in the calculation of the land-use suitability, weighted together with other spatial constraints as in. This enables the comparison of the role of the neighborhood with other spatial constraints. The simulated urban form will be compared point-by-point with the observed urban form to obtain a Kappa index, which serves as a goodness-of-fit indicator. Kappa was initially introduced by Cohen (1960) and adapted for accuracy assessment in remote sensing applications by Congalton and Mead (1983). In this chapter, the Kappa index is calculated to analyze the similarity between observed and simulated urban forms.

			The CCA simulation process is shown in Fig. 1.1 is based on established status transition rules. First, the model sets the input variables and calculates the stepNum parameter based on the total land-use demand. Then land-use suitability, the initial transition probability, and the final transition probability are calculated. The cell with the maximum final transition probability is identified in space in the allocation process (Fig. 4, in grey). The model iterates until the entire simulation process is finally completed.

			Constrained CA is used to estimate different future UGBs based on different scenarios devised by planners. The planners’ perspectives and preferences can be embedded as constraints in the CCA model to establish UGBs. For instance, expected future urban growth rate and residential standard per capita can be represented as land-use demand in the socio-economic constraints in Fig.4.

			

			The results of the CCA simulation at some time (iteration or step), which is an estimate of that stage of urban growth, can be regarded as UGBs in the corresponding development period. The simulated UGBs, in raster format, can be converted into vector format consisting of many polygons. Small, non-compact polygons (<1 ha) should be first eliminated since they are not feasible for urban development. The remaining polygons can then be regarded as UGBs for different urban hierarchies (e.g., the central city, new cities, or small towns). The areas to be developed can be calculated by subtracting the existing urban construction areas from the UGBs, thus established.

			1.4	The FSA Approach for Retrieving Policy Parameters that Fit Planned UGBs 

			1.4.1	Policy Parameters and Constraints in Constrained CA

			Whether the results of an FSA (a planned UGB) can be regarded as a scenario condition remains unexplored in recent literature on constrained CA. We attempt to follow the transition rules of conventional constrained CA when simulating urban growth with FSA. As usual, historical urban forms (Y) and constrained spatial features (A) are required to identify parameters (X) for the constrained conditions (A).

			In the routine model calibration process, historical urban forms are employed to retrieve X, while in FSA, retrieving X is done using the planned UGB. Therefore, identifying policy parameters (X) through FSA using constrained CA is possible.
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			Fig 4: The CCA flow diagram 
Source:www.google.com 

			Estimated parameters based on a historical urban form can be employed to conduct a simulation, and we can check whether the parameters can replicate the historical form. When the parameter X is positive, the corresponding spatial constrained form A should be encouraged; otherwise, A should be rejected. Thus, policy implications can be drawn from the estimated parameters.

			1.4.2	Policy Solutions for Planning Alternatives Using FSA

			As mentioned above, identification of policy parameters X in an FSA can be used in model calibration for constrained CA simulations, where logistic regression, artificial neural networks (ANN), genetic algorithms (GA), and nested loops are widely employed. The evaluation indicator for the consistency of the form scenario (Y) and current spatial and institution constraints (A) should be established in the FSA. As input to the constrained CA, X is used to get the simulated UGB (Y0). The Kappa index, as an evaluation indicator, compares the simulated UGB Y0 with the form scenario Y cell by cell and evaluates the goodness-of-fit. A Kappa of less than 80% stands for a no-solution condition, meaning that there are no policy parameters that can be used to realize the predefined form.

			There are four types of constraining conditions in the urban growth process. They are total land-use demand Gmac(which is a global constraint, explicit non-spatial variable, with no corresponding policy parameter X), locational constraints Aloc, institutional constraint Ains, and neighborhood constraint Atn. Locational and institutional constraints are assumed to remain static during the urban growth process, and the total land-use demand reflects the total number of built-up cells to be developed. The neighborhood constraint Atn, however, changes over model iterations during the constrained CA simulation.

			For identifying policy parameters that fit a particular planning alternative, it is possible to retrieve the parameter set from a planned UGB ye using MCE, just as is done when estimating parameters using historical urban forms in routine constrained CA. FSA, when used as a planned UGB, is a form predicted to develop from the current urban form. The total number of cells to be developed, compared to the current urban form, is defined as LandDemand, and stepNumt is the number of cells developed in iteration t reflecting the land-use demand. We assume that stepNumt is kept constant throughout the entire simulation period as follows.

			stepNumt =(Ye× Ys) /t                                   (1.5)

			In which Ye and Ys are, respectively, a scenario form and a current form, and t is the simulated time span. In our constrained CA, we integrate the methods of Wu(2002) and Clark and Gaydos (1998), combining their strengths, to identify the status transition rules. To reduce model estimation computation time, X is divided into two types of parameters, the temporal-dynamic neighborhood parameter xn and other temporal-static parameters xk that represent spatial constraints. We can estimate xk via logistic regression. Then, xn can be estimated by finding the form scenario Ye with the largest Kappa, compared with the simulated form Y’ using the MonoLoop approach (details in Long et al. 2008).

			In the following sections, the constrained CA will be applied empirically to the Beijing Master Plan of 2020 to examine the consistency of four planning scenarios and existing spatial policies as well as to identify required policy parameters.
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