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Lecture-08
Modeling Approaches

Welcome back. In this lecture, we will cover the different modeling approaches.
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CONCEPTS COVERED

» Different modeling approaches

» Modeling considerations

So, the concepts covered are; Different modeling approaches and Different modeling
considerations.
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Land use transportation models

Land use transportation models are of different types.

Type L: Simulation of land use state at certain location.
Type 2: Behavior and decisions of groups of land user is determined fram which land use is deduced.

Models can be deterministic or probabilistic.
In probabilistic models land use for a location is determined based on estimated probability.

Models could be sector-specific or integrated models.
Sector-specific models focus on an individual system (e.g. housing, employment]

Integrated models incorporates feedbacks from other models based on their
inter-relationships.



Land use transportation models

Land use transportation models are broadly of two types. The first type is where the land use
state of a particular location is simulated i.e., we trace how land use of a particular plot or a
particular area changes over time. The second type is based on determining the behavior and
decision of groups of land user from which the land use is deduced i.e., from their buying and
renting behavior etc.

These models can be both deterministic and probabilistic. In probabilistic models, land use for a
location is determined based on its estimated probability. Since it is probabilistic, there is a
chance that a person can choose another land/land use. Thus, there has to be a way to allocate a
particular land/land use to a particular person which will be covered in a later lecture.

Models can be also sector specific or integrated. Sector specific models focus on an individual
system like housing or employment etc. whereas, integrated models incorporate feedbacks from
other models based on their interrelationships so that it can update itself over a period of time.
Thus, integrated models are more robust compared to sector specific models.
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Madeling approaches

Pure statistical models
Cellular automata
Optimization

Rule based simulation
Agent based simulation

Micro simulation

Modeling approaches

The different approaches to modeling of urban land use and transportation can be broadly
categorized as pure statistical models, cellular automata models, optimization models, rule based
simulation models, agent based simulation models and micro simulation models.
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Pure statistical model

These kind of models are mostly based on regression analysis and based on data on past land use changes.

These models on most occasion ignore the theoretical foundations and could be used to predict land use
changes for smaller time horizons and for business as usual scenarios,

Cellular automata(CA)

CA models gained prominence in geography when cell based ideas were used to simulate
the growth of Detroit in 1970s by Tobler.

Every cell has a certaln state (or function)

[Depends on its characteristics and surrounding cells)

Transition rules
Determine the degree and direction of interaction,
Policy restrictions and physical suitability is also included.

Statistical models

Pure statistical models are based on statistical regression analysis. These models do not
necessarily follow any specific theoretical approach like e.g., the location theory or the spatial
allocation theory or the social theories and are primarily based on certain hypothesis and
assumptions. These models are developed using regression techniques based on past data on land
use change. Since, these models lack any theoretical foundation and are based on data patterns
from a few or may be just a single previous period they are suitable only for small time horizons
and for business as usual scenarios. On the other hand, to understand causality e.g., why people
choose certain things or what determines the choice behavior of a particular firm, requires more

detail understanding and theoretical basis to avoid wrong predictions.

Cellular automata models

Cellular automata(CA) models were developed within the geography discipline, and are used to
predict urban growth, change in form and land use. On the other hand, these models do not have
the theoretical underpinnings of urban economic theory which has led many urban planners to
criticize these models. Transportation is also not considered in CA models.

CA models initiated by Tobler were initially used to simulate growth in the Detroit urban areas
in US during the 1970s. CA models are based on cell based ideas which state that, every cell has

a certain state or function and it depends on itself and the characteristics of the surrounding cells.



Next, there are transition rules i.e., cells change their state from their existing state to a new state
based on certain transition rules which determine the degree and direction of interaction. These
transition rules also consider the policy restrictions and the physical suitability required for the
transition process. For example, residences cannot be allotted to an already designated industrial
area. Similarly, physical suitability of an area like slope and resulting landslides are considered
when a building construction decision is taken.

(Refer Slide Time: 06:09)

Emergence Coluctort
l “
In CA models sometimes definite patterns appear from the “"::ﬂﬁif

behavior of individual cells which could be used to draw
general conclusions.

CA models has been used for determining:

Urban form
Urban growth

i
) X U
Land-use planning and m
Urban and regional development and planning
U
YES

3 In Geographic Information System, CA s often used on raster data to
model urban growth (Couclelis, 1985)

0 €A models lack the th ical underpinnings of urban

J Transportation is also not considered in these models.

Once transition rules are finalized and the model is simulated, at the end of the model run, some
new patterns appear based on the behavior and transition of each individual cell. This is known
as emergence and we can draw general conclusions regarding the trends or patterns of change in
that particular urban area. Thus, CA models are used for determining urban form, urban growth,
land use and also urban and regional development. CA models are often used on raster data to

model urban growth along with Geographical information systems(GIS).

The image shows the typical structure of a CA model. A CA model starts with data collection
and then factors/characteristics/features are identified for determining urban growth. Next,
relevant attributes among these factors are identified which is incorporated within the CA model.
Next, CA transition rules are formulated and finally, the model is validated by matching the
changes with the actual outcome. The model is modified till it is validated. Validation is done

taking old data (10-year-old land use data) and matching the outcome with the present. The



validated model can be used to predict future urban land use patterns that could emerge in the

upcoming years.
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The above image shows existing land use distribution including protected forest areas(brown),
forest area(green), agricultural areas (light yellow), urban area (bright yellow) along with a road
passing through. Next, several factors are considered like connectivity, the geomorphology
(slope, hill shade etc.), presence of school, shopping centers, business district, land price, rules
and regulations, restrictions in terms of land use, demographic characteristics (density, growth
rate etc.), land availability, land suitability for particular purposes etc. to define the transition
rules. Next, cells are allowed to change based on the transition rules. Once transition is complete,
some cells are found to remain as they were and some cells have changed. For example, since
forest land is protected to certain extent, a lot of forest land(cells) is retained, whereas, most of
the agricultural land is converted and particularly the ones in close proximity of a transportation
corridor. This is how a CA model predicts the change in a particular urban land use.

CA models cannot be used for prediction of transportation, since they do not include a
transportation component. CA models are only valid when existing conditions or existing
macroeconomic climate remain same. These are some of the limitations of a CA model.
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Optimization techniques

Optimal land-use is determined using linear integer programming, neural networks etc. for an
existing situation based on relationships/criteria and a decision variable.

—————— 3
Single or multi-objective, \.g -1 A
Can determine a more efficient urban future instead of simply predicting the future outcome.

- N | i
Evolved from linear programming models of residential location to urban land use
allocation problems

Some examples using such optimization approach are:

for air qua

model for sma

Optimization techniques

Another group of urban land use transportation models are based on optimization approaches
where, optimal land use is determined using linear integer programming. A land use situation is
optimized based on a decision variable, relationships and criteria and constraints. These models,
instead of determining the urban future based on the current trends and choices by individuals or
firms, focuses on determining a more efficient urban future. These models actually evolved from
the linear programming models of residential location or urban land use allocation which are
used for allocating urban land use in the most suitable way. While these models are relatively
rare, some examples of this particular approach are, determining locations of green belts for air
quality control and multi objective optimization model for smart growth. Optimization models
could be either a single objective or a multi objective optimization model.

Density of an urban area can be increased using transit oriented development. If, FSI or density
is increased or decreased, then a new land use pattern would emerge. This new pattern could be
measured in terms of total transportation cost which means lower the transportation cost the land
use pattern is efficient. This land use pattern or in this case transportation cost could be
determined using different relationships/criteria and constraints which links FSI/density with the
transportation cost. Thus FSI/density can be called the decision variable in this optimization
model and lowering transportation cost the objective.
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Minimizing total transportation cost (Z,) (primary objective)
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Trpij is the tatal number of trips in link | for trip purpose i,

CT] and CCj are the travel cast In for transit mode and car mode
respectively for link j.

(1- Ps ij) is the probability of choosing fast mode (car and transit) and
(1-Ptij ) is the probab ity of choosing car mode for link j and trip purpose i,
Psij is the probability of choosing slow mode for link j and trip purpose i,
Prij Isthe probability of choosing transit mode for link j and trip purpose 1.
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In the above example, the equation lists the primary objective of the model i.e., to minimize the
total transportation cost for different kinds of trips. The decision variable is building FSIL
Constraints are minimum and maximum FAR that is allowed and the number of buildings that
can be reconstructed at a higher density (Developers would always try to utilize the maximum
FSI). FSI is linked with transportation cost through different relationships some of which are
between trip generation and building density (when building density increases, number of trip
reduces or the length of trip reduces) and between mode choice and FSI (when density is high
people are more prone to choose certain modes which will lead to lesser cost). Relationships
could be either positive or negative. Using these relationships, we can determine the optimum
density to minimize transportation cost.

Thus optimization based land use transportation models help us in determining a better/efficient
land use and also in specific instances like trying to determine optimum density for transit
oriented development for a particular area.
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Rule-based simulation

These models imitate urban processes while considering limitations arising out of
government's development policies and allocates population to locations based on strict
rules.

California Urban Futures (CUF) model (Landis, 1994)
*San Francisco Bay Area

Projected population growth based on past trends is allocated following ‘bottom-up’ approach,
Accessibility is incorporated in the development process.

GIS is incorporated. X

Rule based simulation models

Rule based simulation models imitate the normal urban development processes while
considering limitations and restrictions arising out of government’s development policies (like
restrictions to build in wetlands) and allocates population to locations based on strict rules. The
model traces land development undertaken by real estate developers through identifying
potential lands for development and their profit potential while considering existing government
regulations. The population is allotted to these developed lands.

California urban futures model developed by Landis in 1994 is the most famous rule based
simulation model. This model was applied in the San Francisco Bay area. The projected
population was based on past trends and was allocated following a bottom up approach i.e., the
population is first predicted and then we gradually allocate them to different zones considering
zonal accessibility. GIS is also an integrated part of this modeling process.
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Outline of the structure of the California Urban Futures Model.

Step 0. Forecast basic employment growth by county, Source: UC Berkley, University of California
Step 1. Bottom-up population growth submodel Trangportation Center,

(1) Project city papulation in year t+5. https://escholarship.orgfuc/item/9pbég3g

12) Project county papulation in year t +5.

{3} Calculate unincorporated population growth as o residual
Step2.  Spatial database

[1) Updete mop lapers with new informetion.

{2) "Unien' map layers to update list of developahle land units (DL,
Step3.  Spatial allocation submodel

(1) Calculate profit potential for each DUU if resideatially developed.

{2) Within each city sphere of influence, sort DLUS in order of arafit poteatial,

(3] Efiminatte inop: Dulds from allocat g e focal, county,
fegranal, or sh palicy cons.derations.

sphere of influence, begin ollecating population grewth to

4} Within eoch

v in order of p

(5] Aliocate 5pl.|lwr.r.qrmh 1if any] consistent with focal policies.
StepS.  Annexation-incorporation submodel
(1] Incomarate new cities.
2] Amnex newly developed D{Us to cities as appropriote.
{3} Updete eity boundaries

The image shows the structure of the California urban futures model. In step 0, basic
employment growth by county is forecasted. This is an exogenous input taken into the model.
Next, is the bottom-up population growth sub model. The city population and the county
population are projected for 5 year periods. Next, the unincorporated population growth (people
who have not been allocated a land) are considered for land allotment. GIS maps and spatial

databases are developed/updated with new information on laws, administrative boundaries etc.

Next, developable land units(DLU) in a particular area are determined based on the available
information. These are the land units which could be developed by real estate developers. Then,
the profit potential for each of these units are determined. Units where there is chance of loss and
other laws preventing development are eliminated. Then, the population is allotted following the
profit potential of each of these DLUs. Allocation of the population results in a new land use.
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Multi-agent models

Land use decisions are outcome of decisions taken by different agents.

Agents are autonomous and make choices/decisions in a shared environment while interacting with
other agents.

The choice/decision behavior is modelled following: R euristics)
Li |economic) utility functions.

Decisions are based on a cross-sectional (average) of relevant decision-making groups for
different agents.

PUMA (Predicting Urbanisation with Multi-Agents),

Agents: land owners, authorities, firms and households
horities, investors and developers)

Land conversion module (farmers,
{buying and conversion)

Households module

housing and jobs{marriage, child birth, ageing, job change ete.)
daily activity patterns

Firms module Firms' demography and (rejlocation process

Multi agent models

In multi agent models, all the different decisions related to land use are considered as an outcome
of decisions taken by multiple agents. These agents can be households, firms, or could be a
model component which determines land price or car ownership. These components or agents
are autonomous and they make choices or decisions in a shared environment while interacting
with other agents. This choice/decision behavior is modeled following rules of thumb/ heuristics,
or limited rationality/ utility functions. Utility functions refer to discrete choice that we have
discussed earlier. The term limited rationality is used since everybody do not get/have
information about all the choices and whenever a person takes a decision even though it is based
on rational behavior, it is limited to a certain extent. Decisions are also based on a cross sectional

average of relevant decision making groups for different agents.

Using utility functions and discrete choice theory, the decision could be taken by an individual or
could be taken by a group. In case, a group is homogeneous, then the decision taken by that
group is same for all the individuals/households/firms that belong to that group. So this is why
cross sectional average of relevant decision making groups are considered while determining the

probability of a choice.

PUMA is a well-known multi agent model which is still in use. The main agents or components

included in the model are a land conversion module, a household module and a firm module. The



land conversion module allows buying and conversion of a particular land and involves farmers,
authorities (planning department, municipal corporation etc.), investors and developers. The
household module is used for determining household location choice for housing and location
choice for job. Additionally, transition of the household is also tracked in terms of marriage,
childbirth, ageing, job change and so on. Daily activity patterns are also determined based on
which, the number of trips that are generated from each household is determined. Finally, in the
firm module, the firms’ demography and relocation process is also modeled. These agents and
modules are connected to each other and they interact with each other. The agents also take
certain decisions which follows limited rationality resulting in a particular choice, which
ultimately determines the spatial structure of a particular urban area.

(Refer Slide Time: 24:26)

Microsimulation

Microsimulation refers to simulation at the level of individual persons or firms so that the heterogeneity
can be captured.

Land-use(human activity) changes are modelled at a realistic scale and choice level.
Microsimulation was first used in the social sciences (Dreutt et al. ,1961)

Agent based microsimulation models of urban land use and transport
ILUTE (Salvini and Miller 2005), IRPUD, DELTA, UrbanSim

The choice behavior of individuals

Micro simulation model

Micro simulation refers to simulation at the level of individual persons or firms which helps in
capturing the heterogeneity. Thus, instead of taking homogeneous groups, every individual/entity
is considered assuming that the decision making process of each individual/entity is different.
Thus, land use and human activity changes are modeled at a realistic scale and choice level.
Decisions taken at individual level when added up results in more realistic outcomes. Micro
simulation was first used in the social sciences discipline. Agent based micro simulation models
of urban land use and transport are also being developed and some of the widely used models are

ILUTE, IRPUD, DELTA and UrbanSim.



The choice behavior of individuals is modeled following the discrete choice theory as in the case
of the UrbanSim model and also following machine learning algorithms such as decision trees in
the Albatross model. Urban land use transportation models are currently and gradually moving
into the domain of machine learning to predict choices.
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Challenges

How to match microsimulation with macro-scale socio-economic processes(economic
growth and demographic change)?

Micro simulation models suffer from large data requi and computing chall

Stachastic variation/Monte Carlo error is another major issue.

(variation In results between simulation runs using different random number seeds)

Stochastic varlation Increases when few agents has to choose from large cholce set.

Model needs to be run for several times to take the average result.

Thus optimum level of disaggregation depends on the each modeling task.

Challenges of micro simulation

Incorporating decision of individual persons or firms in regards to their location and
transportation choices in an urban area using micro simulation results in a more appropriate,
realistic, predictions which are more near to the actual conditions. However, not everything can
be conducted at a very micro scale. For example, economic growth and demographic change are
predicted at a macro scale and cannot be done at a micro scale. Thus, matching the regional
population and jobs forecast which are at a macro scale with micro scale choices (individual
level) or micro scale location allocation (plot level) in a particular urban area is a challenge
people face when developing and using micro simulation models. Micro simulation models also

suffer from large data requirement and computing challenges.

Next, is stochastic variation or Monte Carlo error, which is another major issue. Whenever, an
individual is making a choice, a discrete choice model is used to determine the probability of the
choice. However, this individual has to be allocated a fixed choice in the simulation which is
when Monte Carlo process is used. This will be explained in detail in a later chapter. In short,

random numbers are used to determine an individual’s final choice based on the probability



determined using the discrete choice model. However, different random number seeds (seed is
basically the starting of the random number) results in different results/final choice. Thus, every
time the model is run, the results will vary. This difference is little but still it exists and leads to
the next question i.e., If the model predicts differently every time, which result should be
considered? One solution is to run the model several times and then take average of the results

to determine the final result or outcome, either for land use or transportation processes.

Another problem resulting from stochastic variation is when; there are less number of individuals
and more number of choices. When few firms have multiple option to choose from, for example
the location of new office from multiple plots, then the results vary at different runs and this can

lead to a lot of variation in the final result.

These are the basic problems of micro simulation approaches. Even so, micro simulation is more
robust compared to the other approaches. Thus, the optimum level of disaggregation can also
depend on each component of the model.
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Modeling considerations

Equilibrium or Dynamics

Equilibrium describes a hypothetical long-term market steady-state condition in which supply,
demand, and prices are perfectly balanced and all buyers and sellers have full information about
prices and utility of choices.

Housing, real estate, and transport markets all move toward this equilibrium.

However, supply and demand are not perfectly balanced, due to limitations of economic
agents. (not perfectly elastic)

g., boom-and-bust cycle of real estate

Due to inertia of growth urban areas resists sudden changes towards equilibrium and
thus in the short term display disequilibrium conditions.

Different agents or factors follow different speed of change or growth.

Modeling considerations

Along with the different modeling approaches, there are few modeling considerations which are

also very, important.



Equilibrium or dynamics

One such modeling consideration is equilibrium or dynamics. Equilibrium describes a
hypothetical long term market steady state condition in which supply, demand and prices are
perfectly balanced and all buyers and sellers have full information about prices and utility of
choices. Thus while, allotting households and firms to an area it is assumed that supply of land or
building matches equally in a certain time period. But in real life, it is different. This is because
when a developer realizes that, there is a market potential for development for a particular kind
of real estate in a particular area, then he will choose to develop the same, but, it takes certain
time for that property to be available in the market thus resulting in a time lag of few years. This
means that, during this time there is a shortage of supply which will increase the prices resulting
in lowering of demand. On the other hand, whenever a new developer completes and offers a
property/project, he actually supplies more than what is required in the market. This is because,
the developer knows that there will be adequate demand eventually and because of the
characteristics of that particular development, i.e. the developer has no option but to do the entire
property development all together. These situations lead to instances of under and over supply

which is also known as boom and bust cycle in real estate.

Thus, even though, housing and real estate and transport market all moves towards equilibrium,
supply and demand is not perfectly balanced, which is due to the limitations of the different
agents and because these agents are also not perfectly elastic. This results in a time lag for
demand to match supply and supply to match demand. Besides, due to inertia of growth of urban

areas, sudden changes towards equilibrium are also not possible.

This short term disequilibrium conditions in an urban area can be also explained by the systems
theory and the complexity theory. Since, there are so many small systems in an urban area with
each influencing one another, suddenly an entire urban area cannot be in equilibrium. Thus,
disequilibrium conditions always exist and have to be considered in the urban modeling process
as well. Thus, assumptions of equilibrium for a long period may be true for a short period it is
most likely wrong. Different agents in an urban area grow/change at different speed. For
example, it takes three years to build a house, whereas, a person changes house after a certain

period which is much longer than three years and a building lasts for fifty years or more. Thus,



different factors/agents have got different life cycles and accordingly, we can also choose the
time for the modeling process.
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Equilibrium or Dynamics

Most urban land use transportation models are now dynamic (recursive or quasi-dynamic).

Output/final state of one simulation period goes as input/initial state of next period.
Simulation period : 1year or more

(It takes more than one year for a new building to be constructed)

Most dynamic land-use models are accessibility-based location models.

2.8, recursive or quasi-dynamic models
Spatial-interaction based models like MEPLAN, TRANUS, and PECAS
Bid-rent based location allocation model like MUSSA

Most of the urban land use models and processes currently developed are made little bit dynamic
which can be also called recursive or quasi dynamic. Thus, instead of having time periods of 10
years as prediction periods, model outcomes are predicted every 1 year (can be even 5 years) and
then the model is run again taking the output of the first year as the input for the next year.
While, most of these dynamic land use models are based on accessibility based location choice
models, some of these models are based on the spatial interaction theory such as MEPLANS,
TRANUS and PECAS. These models were initially not dynamic, but have been currently
converted into dynamic models. Similarly, bid rent based location allocation models like
MUSSA, have also been converted into a dynamic model.
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Macro or Micro

Macro and micro refers to the level of
spatial and substantive disaggregation
Earlier urban models were zone-based.

Since 19905 land-use changes are modeled
using high-resolution grid cells.

Micro simulation, Activity based modeling
also requires this high level of location data.

Models using grids combines geographical
information from different sources,

1000 meters*1000 meters
Small grids
150meters*150 meters

Macro and micro

Micro and macro refers to the level of spatial and substantive disaggregation i.e., the appropriate
size of analysis. Unlike in the TAZ level analysis, in micro simulation, a particular firm or an
individual chooses a plot or housing unit respectively. This necessitates going to the micro scale.
As shown in the in the image, two grids can be considered, one a 1000 x 1000-meter grid which
is the larger grid and within that a 150 x 150-meter grid. Next, detail information is required at
this micro grid level such as number and other details of housing units and eventually a
household is allotted to this grid. The allocation can be random but as per his income group.
Thus, the characteristics of this particular unit/grid influences his choice for moving into this unit
which is again determined based on the number of empty housing of a particular category or the
kind of characteristics this particular unit or area possesses e.g., access to the highway,
predominant landuse (residential or commercial), density etc. At the TAZ level, it is difficult to
generalize these characteristics or form the utility value/equation, which would apply
homogeneously to all plot of land or to a particular individual. Thus, there is a need to move
from macro to micro scale. While, earlier models are mostly zone based, but since 1990s land
use change is modeled using high resolution grid cells. This is mostly for US and Europe and
other developed nations. Micro simulation and activity based models require this high level of
location data which is obtained by combining data from different sources.
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The different characteristics(data) of a micro grid that are usually required are land records that
shows plot sizes, plots which are empty and other relevant information, economic survey data
including number of jobs available, census data on number of households living in a particular
grid etc. In case detail data is not available, data from a broader region within which this
particular grid belongs can be used either considering simple proportions or using other
advanced techniques which will be discussed later. Existing GIS maps can be used for
environmental information, urban growth boundaries, ward boundaries, traffic zones etc. which

can be extracted and integrated to create the characteristics of the grid.

In addition, a database/list is maintained for each grid for different kinds of jobs belonging to
different sectors with each job having an ID so that when it is filled the same can be recorded
during the modeling process. Similarly, each household is assigned an ID which can be used to
determine the household size, number of workers, number of children, household income.

Vacant housing units, vacant plots and land value is similarly tracked and updated.

Collecting and maintaining this kind of data for grids like 150 x 150 meter is challenging and the
basis of the macro versus micro debate.
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Land use transportation modeling s moving towards multi-agent micro simulation models.
However, level of disaggregation depends on data availability and computing resources.

Dynamic models of land use transportation interaction allows for incorporating the
feedback cycle.

While discrete choice theory is the popular approach to determine choice behavior, machine
learning approaches are also being increasingly adopted.

Land use transportation modeling is moving towards multi agent micro simulation models.
However, level of disaggregation depends on data availability and computing resources.
Dynamic models of land use transportation interaction allow for incorporating the feedback
cycle.

While discrete choice theory is the popular approach to determine choice behavior, machine

learning approaches are also being increasing adopted.



This chapter gives a broad idea about the different modeling approaches that are undertaken in a

urban area.

Thank you.



