Chapter 9
A Spatial Planning Support System
for Managing Bangalore’s Urban Sprawl

H. S. Sudhira and T. V. Ramachandra

9.1 Urban Sprawl

Urban sprawl is the outgrowth along the periphery of cities and along highways.
Although an accurate definition of urban sprawl may be debated, a consensus is that
urban sprawl is characterized by an unplanned and uneven pattern of growth, driven
by multitude of processes and leading to inefficient resource utilization. Urbaniza-
tion in India has never been as rapid as it is in recent times. As one of the fastest
growing economies in the world, India faces stiff challenges in managing the urban
sprawl, while ensuring effective delivery of basic services in urban areas. The urban
areas contribute significantly to the national economy (more than 50 per cent of
GDP), while facing critical challenges in accessing basic services and necessary
infrastructure, both social and economic. The overall rise in the population of the
urban poor or the increase in travel times due to congestion along road networks are
indicators of the effectiveness of planning and governance in assessing and catering
for this demand. Agencies of governance at all levels: local bodies, state government
and federal government, are facing the brunt of this rapid urban growth. It is impera-
tive for planning and governance to facilitate, augment and service the requisite
infrastructure over time systematically. Provision of infrastructure and assurance of
the delivery of basic services cannot happen overnight and hence planning has to
facilitate forecasting and service provision with appropriate financial mechanisms.

This chapter addresses the issue of urban sprawl in the Indian context with a
focus on Bangalore and analyses the status of planning practice in India with a note
on utility of spatial planning tools. As a synthesis of the prevailing situation, the
ensuing section outlines the critical challenges for addressing sprawl. The subse-
quent section highlights the need for an integrated Spatial Planning Support System
(SPSS), illustrating the evolution of a framework for SPSS, its development and
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evaluation. The later section presents the policy analysis carried out using the SPSS,
which offers insights into areas of concern. The chapter concludes by noting the
drawbacks and challenges for future research for managing urban sprawl.

Earlier studies characterize urban sprawl (Barnes ef al. 2001; Hurd et al. 2001,
Epstein et al. 2002; Sudhira et al. 2004) using spatial metrics while highlighting the
implications of sprawl on natural resources and how inefficient unplanned growth
could be. Among the undesirable effects of sprawl are unplanned outgrowths which
are neither aesthetic nor hygienic. Thus, there have been varied connotations to
ascribe what constitutes sprawl. Galster ez al. (2001) have addressed this issue as ‘lost
in semantic wilderness’, by describing sprawl under six broad categories: by exam-
ple that embodies characteristics of sprawl, such as Los Angeles; aesthetic judgment
and general development pattern; cause of an externality; consequence or effect of
independent variables; pattern of development; and process of development.

Extending the notion of urban sprawl articulated by Torrens and Alberti (2000),
Galster ez al. (2001) define it as a pattern of land-use in an urban agglomeration that
exhibits low levels of some combination of eight distinct dimensions: density, con-
tinuity, concentration, clustering, centrality, nuclearity, mixed uses and proximity.
Ascribing sprawl as a pattern of land-use alone does not throw light on the underly-
ing processes, causes and hence consequences. In a developing country like India,
where population density is high with significant urbanization rates, urban sprawl
obviously cannot be characterized by pattern alone but processes, causes and their
consequences. Hence, we suggest a modification to the definition of urban sprawl
as the pattern of outgrowth emergent during the process of urban spatial expan-
sion over time caused by certain externalities and a consequence of inadequate
regional planning and governance. The pattern of urban sprawl is characterized by
using spatial metrics on the extent of paved surface or built-up areas. The process
of urban sprawl can be characterized by changes in the pattern over time, like the
proportional increase in the built-up area leading to rapid urban spatial expansion.
Analysing the causes of urban spatial expansion, the externalities can be modelled
as agents in a geospatial environment like the location of jobs, housing, access to
services and the level of economic activity. The interaction of agents can suggest the
consequences on land-use changes. The sequence of patterns, processes, causes and
consequences sets the research agenda.

9.2 Critical Challenges for Spatial PSS

The management of urban sprawl entails quantifying the pattern of sprawl and cap-
turing the processes that involves analysis of causal driving factors. This requires
understanding and visualising the consequences of policies applied by local plan-
ning and administrations to sprawl, like the lack of an effective public transport
system with varying work-home distances, giving rise to independent motor vehi-
cles and the resultant congestion and spatial expansion. Testing the effects of policy
interventions on urban spatial expansion and mobility are some important questions
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into which a PSS could offer insights. Operational urban planning seeks answers
for many such interventions. This necessitates integrated spatial PSS for managing
sprawl. The framework of such PSS is discussed in the Section 9.4.

Noting the various studies and prevailing urban fabric conditions in India, it is
found that lack of effective governance with operational systems and processes in
local bodies of governance have resulted in unplanned and uncoordinated urban
outgrowths. Urban governance requires an information system for keeping track of
various services and functions of the urban local body. In the absence of any such
systems, at the basic level, there is a strong and pressing need for an information
system to cater for all these. In the next level, it becomes essential to build models
based on the information systems involving simulation and analysis for specific
urban contexts. Thereafter, there is a subsequent level involving the formulation
of different strategy and policy options using the models and information systems.
Thus, at the outset, there are three levels to address the problem of sprawl and to
strengthen planning and decision making information systems, models and policies.
Emphasizing this need, Sudhira et al. (2007) have discussed in detail the planning
and management practices in India. With the interaction of key bureaucrats and
concerned officials in Bangalore City Corporation, it is found that, on one hand, the
prevailing policy and practices concerning planning and governance are in line with
the State Government’s aspirations, while on the other hand, there does not exist
any other mechanisms or modes through which the Government could make this
effective and plausible by being citizen centric. The key challenge for research is to
encapsulate the spatial information coupled with models to facilitate policy analy-
sis, evaluation and visualization of these consequences into a spatial PSS.

9.3 Planning in the Digital Age: GIS/Spatial Analysis
and Planning Tools

Spatial tools, notably geographic information systems (GIS) for mapping and moni-
toring urban areas, have become extremely popular. Monitoring the spatial patterns
of urban sprawl on a temporal scale can be undertaken using temporal remote sens-
ing data acquired from space borne sensors. These help in inventorying, mapping
and monitoring linear and radial growth patterns. In the recent past, the geospa-
tial domain has seen significant developments in modelling urban systems using
approaches ranging from operations research to system dynamics and agent-based
models. Models of urban systems are essentially built to aid in planning for under-
standing, evaluating, visualising and deciding various interventions. Thus geospa-
tial models have become an inseparable aspect of a PSS. In India, there are some
attempts to address urban sprawl using geospatial tools (Jothimani 1997; Lata et al.
2001; Subudhi and Maithani 2001; Sudhira et al. 2004) and modelling (Subudhi and
Maithani 2001).

Simulation tools based on the concepts of discrete-event system simulation
approaches are being used extensively in recent times to capture and emulate urban
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systems and their dynamics. With the emergence of multi-agent systems from the
domain of artificial intelligence, these are now being used to aid in simulation
of urban systems. Another approach to model the urban dynamics is the system
dynamics (SD) framework, which captures the system based on complexity involv-
ing dynamic relations represented by stocks and flows determined by various activ-
ity volumes in the city, which are synthesized from knowledge and observation.
Operations research approaches and the SD framework have been applied quite
rigorously in urban systems, and in the recent times, geospatial modelling aided by
visualization has been very effective.

Globally, modelling urban sprawl dynamics has closely followed traditional
urban growth modelling approaches. Subsequently, with the need to manage urban
sprawl, modelling urban sprawl by understanding the nature of growth and its impli-
cations has been undertaken since 1960s. The key initial studies in developed coun-
tries based on traditional approaches of urban model building include Lowry (1967)
in Batty and Torrens (2001), Walter (1975), Allen and Sanglier (1979), and Pumain
et al. (1986). The traditional model building approach involved linking independent
to statistically significant dependent variables in a linear or non-linear model. These
models although used mostly for policy purposes, could not be used when the proc-
esses involved rule-based systems (Batty and Torrens 2001). Whilst urban develop-
ment models were developed much earlier, modelling the dynamics of urban sprawl
has been undertaken only recently (Batty et al. 1999; Torrens and Alberti 2000).
Models developed using cellular automata (CA) and agent-based models would
prove beneficial to pinpoint where sprawl takes place (including causal factors),
which would help in effective visualization and understanding of the impacts of
urban sprawl. Furthermore, to achieve an efficient simulation of urban sprawl, mod-
elling has to be attempted in both spatial and non-spatial domains. Modelling urban
sprawl in non-spatial domain is mainly by the application of statistical techniques
while CA models and agent-based modelling are known to complement model-
ling in the spatial domain. The fusion of geospatial and agent-based models has
been formalized as Geographic Automata Systems (GAS) by Benenson and Torrens
(2004). These approaches and research in geospatial modelling towards a simula-
tion framework can effectively complement a spatial PSS.

9.4 Integrated Spatial Planning Support Systems

For effectively managing the problem of urban sprawl; testing, building and visual-
izing different scenarios, it is imperative to have a robust spatial PSS which would
not only aid in managing but also in planning, organizing, coordinating, monitoring
and evaluating the system in question. Spatial PSS include instruments relating to
geo-information technology that have been primarily developed to support different
aspects of the planning process, including problem diagnosis, data collection, min-
ing and extraction, spatial and temporal analysis, data modelling, visualization and
display, scenario-building and projection, plan formulation and evaluation, report
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preparation, enhanced participation and collaborative decision making (Geertman
and Stillwell 2004). Integration of different processes associated with the dynamics
of sprawl phenomenon is required for addressing the problem of urban sprawl.

Currently there are few popular systems that try to emulate spatial PSS with
an objective to make planning interactive and participatory. Among such existing
PSS are What-If? (Klosterman 1999) and RAMCO (Uljee et al. 1999). Kloster-
man’s What-If? system is an interactive GIS-based PSS that responds directly to
both achieving the ideals of communicative rationality and traditional comprehen-
sive land-use plans. It uses geographic data sets to support community-based efforts
to evaluate the likely implications of alternative public policy choices. The pack-
age can be customized to a community’s existing geographic data, concerns and
desires, providing outputs in easy to understand maps and reports which can be
used to support community-based collaborative planning efforts. Given a set of fac-
tors and factor weights for determining land suitability, the What-if? PSS generates
projections for future land-use and subsequent land allocation can be based on user
requirements. Although this system is claimed to be interactive, the dynamics of the
factors and hence their interactions are less transparent, with only the results of a
final land-use scenario obtained as output.

RAMCO (Rapid Assessment for Management of COastal zones) is a prototype
information system for regional planning in a generic decision support environment
for the management of coastal zones through the rapid assessment of problems
(Uljee et al. 1999). The system was developed by integrating GIS, CA and SD.
Subsequently, White and Engelen (2000), the developers of RAMCO, also support
the integration of GIS, CA and SD with the usage of multi-agent systems for a high-
resolution integrated modelling of spatial dynamics of urban and regional systems.
This has currently set the standard of technology that can be used for achieving an
integrated PSS.

UrbanSim and OBEUS are two other established frameworks with supporting
packages for integrated modelling of urban systems. UrbanSim is implemented as
a set of packages under Open Platform for Urban Simulation (OPUS) (Waddell
2002). This is fairly comprehensive in the sense that the framework integrates land-
use, transportation, economic, demographic and environment variables. However,
this framework does not support participatory simulations. The OBEUS (Object-
Based Environment for Urban Systems) is more robust and represents an emerging
trend to integrate various processes as agent-based models and to simulate them
spatially, hence the term ‘geo-simulation’ (Benenson and Torrens 2004).

9.4.1 Framework for Spatial PSS

The framework for a planning and decision making process involving different
phases of intelligence, design and decision/choice (Sharifi 2003) is depicted in
Fig. 9.1. The intelligence phase is confined to defining, understanding and assess-
ing the existing situation along with evolving appropriate metrics for quantifying
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Fig. 9.1 The planning and decision-making process (Sharifi 2003)

urban sprawl. In the design phase, the dynamics of urban sprawl are captured and
subsequently modelled. The design phase concludes with the generation of alterna-
tives. In the decision/choice phase, the review and evaluation of the different policy
options are undertaken to arrive at policy recommendations for managing and miti-
gating the urban sprawl.

9.4.2 Evolution of SPSS Through Integrated SD
and Agent-Based Land-use Models

Keeping in line with the framework for planning and decision-making suggested
by Sharifi (2003), a prototype of the SPSS was developed with the following four
components: patterns, processes, causes and consequences. Accordingly, the evolu-
tion of the PSS is depicted in Fig. 9.2.

Modelling the dynamics of urban sprawl is attempted by a combination of system
dynamics and agent based models over a geospatial domain (Sudhira and Ramach-
andra 2007). Initially, the land use of the region, Bangalore, was characterized using
the satellite remote sensing data and the metrics for depicting the patterns were
computed accordingly. A multi-stage classification process was employed resulting
in classification of the entire landscape into four broad land use categories. In order
to characterize sprawl, some of the metrics computed are: built up area, built-up
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Fig. 9.2 Evolution of the PSS

density, patchiness (all spatial metrics), population and their densities. Apart from
these metrics the percentage of different land-uses were also monitored. Further, to
attempt modelling the processes and causes using system dynamics, variables were
identified and depicted in a causal loop diagram.

The process of modelling in system dynamics begins with a clear statement of
the problem, followed by gathering necessary data and identifying the key variables
contributing to the problem. The variables are mapped on to what is referred to
as causal loop diagrams (CLDs). With the gathered data and establishing relations
with the variables amongst the variables are the stock flow diagrams created. It
is possible to simulate the behaviour of the system through a stock flow diagram
and plot the behaviour of key variables, test for different hypothesis and study the
implications of specific interventions. The problem in question here is the pressure
on land due to the extent of city outgrowth or the sprawl. The consequences of the
interventions that can be attempted towards addressing this are analyzed through
this analysis.

In Bangalore, one of the prominent measures to limit growth is by way of enforc-
ing building height restrictions formalised through the floor area ratio (FAR). These
restrictions are one of the popular measures of controlling the zoning of central and
several parts of the city. Though the planners in Bangalore have already enforced
such restrictions, this in turn has also resulted in increasing the extent of the city
outgrowth. SPSS intends to explore the options of relaxations with the FAR to visu-
alise the probable land-use patterns, which would be of interest for planners.
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Accordingly, based on the analysis, the key variables identified were: population
growth, economic activity, pressure for new housing and industrial areas, land-use
zoning, available land, built-up area, level of services and building height restric-
tions. The typical approach to cause-effect modelling, the ‘disjointed viewpoint’
and ‘linear, control viewpoint’ of one cause leading to one effect, is replaced by a
‘causal-loop, nonlinear feedback viewpoint’ where multiple effects are the result of
multiple factors (Sterman 2000), as also depicted in Fig. 9.3.

Analyzing the feedbacks generated — reinforcing and balancing, the resultant
dynamics reveal that certain practices are actually proving counter-productive.
The five feedbacks generated in this system are: (i) reinforcing feedbacks: housing
demands (R1); industrial demands (R2); relocation (R3) and infrastructure provi-
sion (R4); and (ii) balancing feedback: outgrowth of the city (B1). The reinforcing
feedbacks, R1 and R2, quite natural for most cities, set the demand for development
of land into residential layouts/apartments or industrial estates, respectively. As the
city grows, there is congestion in central areas forcing residents to relocate in the
outskirts. This is captured by the reinforcing feedback, R3. The other reinforcing
feedback, R4, for infrastructure provision suggests that augmenting infrastructure
in a congested area can be counter-productive. Indeed this insight is well established
by the classic Braess paradox (Braess 1968). This was demonstrated by adding a
link within the network to ease congestion would be counter-intuitive in a con-
gested road network. Reinforcing feedbacks often generate exponential growth and
then collapse. Systems that are self-regulating or self-correcting are comprised of
balancing loops. The only balancing feedback, B1, results in the outgrowth of the
city through the process of land-use change limited by the availability of land for
development. The other control variable, building height restrictions, suggests that
it influences the extent of outgrowth and built-up areas negatively. Bertaud and
Brueckner (2004) have shown that in an unrestrictive building height conditions the
extent of the city spread is contained with higher densities in central areas.

Further, the causal loop diagram is translated into a stock-and-flow diagram with
appropriate numbers for the variables and assumptions. An important assumption
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Fig. 9.3 Causal loop diagram for urban sprawl
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Fig. 9.4 Stock and flow diagram capturing population growth and land-use change

relating to the process of land-use change was that economic activity combined
with an increase in the workforce (through migration) would lead to higher demand
for land for development and hence drive the land-use change. It is observed that
it is the market forces operating in the context of a market economy, which are
influencing the process of land-use change. Thus the analysis of land-use change
has to acknowledge the implications of prevailing market conditions and the supply
and demand aspects of land. The stock-and-flow diagram capturing the dynamics
of population growth and land-use change is depicted in Fig. 9.4. Essentially the
stock-and-flow diagram sets the demand for new built-up areas.

9.4.3 Prototype Design and Implementation

9.4.3.1 Visualization Environment, Design and Implementation

The prototype of the spatial PSS has been developed as the BangaloreSim model,
implemented using NetLogo (Wilensky 1999), an agent-based modelling environ-
ment developed by the Centre for Connected Learning and Computer Based Mod-
elling, Northwestern University, USA which facilitates encapsulation of processes
through rule-based procedures and offers adequate monitors and plots to visualise
pattern, model the causes and evaluate the consequences through simulation. The
pseudo code of the BangaloreSim model is presented in Fig. 9.5, which outlines the
sequence of processes involved in the simulation.
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9.4.3.2 Development of Prototype and Evaluation
Among the key criteria considered during the prototype development was ena-

bling the user-interface for visualization of land-use along with the other requi-
site metrics in the common interface. Thus, the entire parameters are presented in

INITIALIZATION

Set Parameters -> User Defined or Set from earlier start-up

Import land-use data, elevation, transportation networks and CDP (Land-use

Policy)

Initialize System Dynamics setup

- Initialize for Population, Economic Growth Rate (City Development Prod-
uct), Available Land

EACH TIME STEP

Check for Simulation End Time and Available Land [Stop run if exceeds

either of them]

Compute Demand for Land (Inputs from System Dynamics Model — Stock

& Flow Diagram)

- Population Growth Model Runs -> Current Population

- Current Population -> Population Density -> Land-use Change

- Land-use Change ~ Population Density, Available Land, Economic Growth
Rate

- Land-use Change ~ Requirement for New Built-up

Change Land-use

- Obtains Built-up Demand from Land-use Change

- Site-Suitability

- Suitability for patches based on Distance from City Centre, Transportation
Networks, Weightages for Certain Land-use based & LU Policy, and Prox-
imity to Growth Pole

- Allocate Land

- Check for Built-up Demand [Stop run if exceeds current built-up or No
Available Land]

- Check for Maximum Site Suitability in the Neighbourhood (3°3) and allo-
cate Land-use to Built-up

Compute Metrics ~ Check for Impacts on Resources and Access to Services

Update Views and Draw Plots

END

Agents are Growth Pole centres influencing land-use in their neighbourhood

Fig. 9.5 BangaloreSim model pseudo code (See also Plate 20 in the Colour Plate Section)
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a single interface with provisions to change views for different land-uses, sprawl
metrics, transportation networks, land-use policy (the comprehensive develop-
ment plan) and suitability. Subsequently, for a spatial PSS to be effective, it
would require the modeller/expert to control relevant parameters for generating
scenarios simultaneously enabling dynamic interaction. Considering these key
criteria, the prototype developed is depicted in Fig. 9.6. The base year for the
model was considered as 2000 with the classified land-use map for the same year
serving as the input.

The evaluation of the spatial PSS involved calibration of the suitability weights
with mean floor area ratio and location of industrial estates as growth-poles. The FAR
was set to 2.75 based on the average permissible ratio of the land-use zoning pol-
icy. Considering these model set-up parameters, the suitability weights for different
factors like land-uses, distance from city centre and distance from transportation net-
work were calibrated. The calibration for the weights was performed comparing the
classified land-use and the simulated land-use for 2006.

In the earlier test simulations (before acknowledging growth poles) the land-use
changes could not forecast the land-use for 2006 appropriately. There were other ini-
tiatives by the State Government like the creation of an outer ring road, which were
captured in the system. The industrial estates were ascribed as a growth pole (GP)
agent to capture these changes. The GP agent essentially boosts suitability of any
particular land-use in the neighbourhood with the greater probability to change into
built-up (see underlined procedure in the pseudo code in Fig. 9.5).

The simulation for year 2006 considering the influence of growth-pole agents
and the mean FAR with the calibrated weights for suitability is presented in Fig.
9.7. The comparison of these outputs were also analyzed using the Map Com-
parison Kit 3 (Hagen-Zaker et al. 2006). The simulated land-use (Fig. 9.7a) was
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Fig. 9.6 Prototype of the SPSS (See also Plate 21 in the Colour Plate Section)
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Fig. 9.7 Classified and simulated land-use of Bangalore for 2006. (a) Classified land-use
(2006), (b) Simulated land-use (2006)

compared with the classified land-use of 2006 (Fig. 9.7b). The Kappa statistic of
built-up areas was 0.413 and Kloc was 0.427 with Moran’s I for the simulated
and classified image being 0.643. The calibrated model was then used to perform
policy analysis.

9.4.4 Policy Analysis

The scope of policy analysis is restricted for evaluating the impact of increas-
ing floor area ratio on extent of sprawl up to year 2015. The effect on sprawl
was analyzed based on the percentage built-up areas and built-up densities. The
simulations revealed that higher FAR resulted in increase of built-up areas (386.6
km?, 93.2 per cent) with high densities and the rate of built-up growth declin-
ing. However, during the duration of increase in density of built-up areas, the
population ‘b-density’ (population over built-up area) depicted ‘U’ type behav-
iour. Accordingly, the population b-density decreased initially and increased after
certain duration of time. This suggests that initially the expansion of the built-up
area in spite of FAR continued and only after a threshold, the population chose to
locate within the city’s extent over locating in the outskirts. The increase in built-
up areas with high densities suggests more congestion in certain parts of city. It
is in these parts wherein infrastructure and services needs to be augmented to
accommodate the forecasted population b-densities. The policy analysis revealed
the probable effects of change in FAR on extent of built-up areas and their den-
sities. The spatial PSS was effective in locating areas with higher densities of
built-up area and requiring augmentation of infrastructure and services to relieve
of impending congestion in these localities. While this exercise was useful in gen-
erating a scenario of urban land-use, there can be many more scenarios generated
by undertaking the simulations for different policy settings to understand their
respective consequences.
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9.4.5 Drawbacks and Recommendations

An important distinction in the spatial PSS was the ability to incorporate the process
that lead to land-use changes like creation of growth poles and studying the effect of
outgrowth through the FAR. A spatial PSS thus facilitates the analysis of choices,
visualization of such decisions and evaluation of certain policy decisions. However,
the success of these will rest on the modellers and planners who can identify and cap-
ture these processes to realize the best possibilities from a PSS.

The scale of analysis affects the computational complexity of the system. Higher
spatial scales increase the computational resources required to perform the simula-
tions optimally and vice versa. In the current model, the spatial scale is set for 100 m
x 100 m grid, with yearly time scales. Caution should also be exercised on the choice
of scale based on the problem and processes that are modelled.

The research here is yet to validate the spatial PSS with the government func-
tionaries. Validation of agent-based land-use models has been a contentious issue in
recent times. However, recent work by Brown et al. (2005) has attempted to clarify
this debate by acknowledging path dependence and bringing out the distinction of
achieving predictive accuracy and process accuracy. Consequently, it is important that
any spatial PSS should have greater process accuracy and be able to generate pat-
terns resulting out of numerous processes. But planners and decision makers would
always want some amount of predictive accuracy informing them what type/pattern
of growth will emerge at which locations. Thus spatial PSS should be ideally achiev-
ing reasonable predictive and process accuracies. The process accuracy and predictive
accuracy of this model is yet to be ascertained. However, the spatial PSS in its current
state allows the modeller or experimenter to test for various options and evaluate the
consequences.

The contention of the process accuracy can be either addressed by following a sim-
ilar approach of Brown et al. (2005) or engaging in a focus group evaluation involving
key bureaucrats, planners, policy makers and experts who would verify the processes
captured in the SPSS and outcomes of the simulation in the SPSS. With such a focus
group evaluation, it will also make it beneficial for SPSS to be adopted in their
current planning practices.

9.5 Conclusions and Future Directions

Proper implementation of master/development plans is a critical aspect in regu-
lating the development of urban areas. Although 1,200 master/development plans
for important towns and cities have been prepared in India, their implementation
so far has not been satisfactory due to a variety of reasons. City planning mainly
addresses the preparation of land-use plans through zoning to cater for projected
populations. However, civic authorities also need to plan for meeting the demand
for infrastructure facilities and ensuring delivery of basic services. This is dismal in
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current planning practice since these are normally static master plans or develop-
ment plans mostly addressing land-use issues. These plans are also less equipped to
review and evaluate any policy decisions dynamically by visualising the potential
implications of a policy directive and the regions of potential sprawl. It is therefore
necessary to support administrators and planners by providing them with better
understanding, methods and tools to tackle the problem of urban sprawl. Further,
administrators and planners need to be informed of possible areas of sprawl to take
corrective actions to mitigate the implications. The problem of urban sprawl is
observed to be an outcome of improper planning, inadequate policies and lack of
effective governance due to various reasons. The inability of the administration and
planning machinery to visualise probable areas of sprawl and its growth is persist-
ent with the lack of appropriate spatial information and indicators.

Thus, in the present context, with the escalating problem of urban sprawl, the
evolution of a PSS in the form of the BangaloreSim model is the first step in this
direction. The PSS aids in undertaking policy analysis for certain policy measures
and its impact on urban land-use. The PSS was also effective in evaluating the influ-
ence of FAR on controlling urban sprawl. However, there are numerous challenges
for incorporating the complex urban system in a dynamic modelling framework
with which to support participatory decision making. The PSS can be used to regu-
larly monitor and check the nature of sprawl for compliance with policy recom-
mendations over time.

Most PSS allow analysis, evaluation and visualization only on standalone sys-
tems, wherein each stakeholder has to choose/decide the options on same system/
platform. This would suggest that all stakeholders have to meet physically to evalu-
ate and decide. Moreover, such initiatives are not normal and very difficult to mod-
erate. In this context, it becomes necessary for a parallel and distributed simulation
framework to support PSS, so that all stakeholders and managers/administrators are
able to interact, organize, plan, evaluate and decide through a network. Then the
challenges are twofold: initially to integrate different models that are required to
carry out the simulations, and then to synchronize the model inputs, feedbacks and
outputs over space and time. Design of PSS with participatory simulation frame-
work will largely contribute to its ready usage in urban planning and decision-mak-
ing process.

The PSS is developed on an agent-based modelling environment as a process-
based land-use model. The developments in PSS can significantly complement
research in temporal geographic information science transforming the tempo-
rally static GIS to temporally dynamic systems. The exchange of geospatial data
(import and export functions) is now possible for ASCII grid formats. In future, it
is imperative that these systems are interoperable and support most of the stand-
ard geospatial formats. Provision of PSS over the internet can also imply that
they may be accessible to everyone and can become pervasive. Such a web-based
PSS can be a very effective tool for monitoring, planning and decision-making
encouraging community participation. At the outset, the future development of
the PSS can facilitate exchange of standard geospatial data formats and evolve as
a web-based system.
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