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Series 1: Population Estimation and Forecasting Techniques in Planning

Series 2: Introduction to Quantitative Methods and Analytical Tools

Series 3: Statistical Analysis and Measurement Techniques in Planning

Series 4: Hypothesis Testing and Mathematical Models in Urban Planning

Series 5: Simulation Models and Applied Quantitative Methods in Spatial Decision-Making

Here is the proposed outline for Series 1:

Part 1 Foundations of Population Estimation in Planning

e Current population characteristics
e Factors influencing population change
e Importance of estimation in spatial planning

Part 2 Methods of Population Forecasting

e Trend projection methods
e Ratio and apportionment methods
e Regression techniques-in forecasting

Part 3 Migration.and Natural Increase Approaches

e Migration analysis in forecasting
e Naturalincrease and growth composition analysis
o Strengths and limitations of demographic approaches

Part 4 Frameworks and Allocative Forecasting Methods

o Metric frameworks for population forecasting
o Allocative forecasting techniques
e . Applications in urban and regional planning

Introduction

Population estimation and forecasting are fundamental techniques in planning. They provide the
basis for understanding current demographic characteristics and predicting future changes.
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Planners rely on these techniques to design infrastructure, allocate resources, and make
informed spatial decisions.

This Series begins with the foundations of population estimation, examining the importance of
demographic data and the factors influencing population change. It then explores various
forecasting methods, including trend projection, ratio and apportionment, and regression
techniques. The third Part focuses on migration and natural increase approaches, highlighting
how demographic processes shape growth. Finally, the Series concludes with frameworks and
allocative forecasting methods, showing how these tools are applied in urban and regional
planning.

The aim of this Series is to equip learners with the ability to analyse population data, apply
forecasting techniques, and evaluate their relevance in planning practice:

Series learning outcomes
By the end of this Series, you should be able to:

« SLO 1.1 define and explain the foundations of population.estimation and its importance
in planning.

o SLO 1.2 apply different methods of population forecasting, including trend projection,
ratio and apportionment, and regression techniques.

e SLO 1.3 analyse migration and.natural increase approaches in forecasting population
growth.

e SLO 1.4 evaluate frameworks and allocative forecasting methods and their applications
in urban and regional planning.

1.1 Foundations of Population Estimation in Planning

Population estimation’is the process of determining the current population size and
characteristics of @ given area. This is essential in planning because it provides the baseline
data for forecasting future growth and making spatial decisions.

Factors influencing population change include birth rates, death rates, migration, and socio-
economic conditions. These elements shape the demographic profile of a community and
determine the demand for housing, infrastructure, and services.

Fill in'the blank: Population estimation provides the data for forecasting future
growth.
Key Function Strategic Purpose Consequence of Poor
Estimation
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Resource Determining the required volume of Chronic shortages or "System
Allocation water, electricity, and food supply. Overload" during peak hours.
Infrastructure Sizing the width of roads, capacity of Rapid deterioration of roads
Design drainage, and number of and "Overcrowding" in public
schools/hospitals. services.
Policy Creating targeted programs for Misdirected funding and
Formulation specific groups (e.q., youth failure to address the
employment or elderly care). "Demographic Reality."
Revenue Estimating the tax base to fund Budget deficits and inability to
Projection future municipal projects. maintain existing public
assets.

Box 1.1: Importance of Population Estimation
Short description: Text box summarising why.estimation is crucial for planning, including
resource allocation, infrastructure design, and policy formulation.

1.1.1 Current population characteristics

Current population characteristics include age structure, sex ratio, household size, and
dependency ratios. These indicators help planners understand the composition of the
population-and anticipate future needs.

Fill in the blank: The ratio shows the proportion of dependents to the working-age
population.

1.1.2 Factors influencing population change

Population change is driven by fertility, mortality, and migration. Fertility refers to the number
of births, mortality to the number of deaths, and migration to the movement of people across
regions. Together, these factors determine whether a population grows, declines, or remains
stable.

1.1.3 Importance of estimation in spatial planning

-
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Accurate estimation allows planners to design effective policies and allocate resources
efficiently. For example, knowing the age distribution helps in planning schools, while
understanding household sizes informs housing design.

Fill in the blank: Accurate estimation allows planners to design effective
allocate resources efficiently.
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Figure 1.1: Key Factors in Population Change
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Figure 1.1: Key Factors in Population Change
Short description: Diagram showing fertility, mortality, and migration as drivers of population
change.

Pilot questions 1.1
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What is the purpose of population estimation in planning?
Name two current population characteristics used in estimation.
Which three factors influence population change?

Why is age distribution important in planning?

What does the dependency ratio measure?

aboN-~

1.2 Methods of Population Forecasting

Population forecasting involves predicting future population size and composition using different
techniques. These methods help planners anticipate demand for housing, schoals, health
facilities, and other infrastructure. Forecasting is not about exact numbers, but about providing
reasonable estimates to guide planning decisions.

Fill in the blank: Population forecasting provides reasonable to guide planning
decisions.
Planning Domain Role of Forecasting Impact on the Built Environment
Infrastructure Predicting future traffic Prevents "Retrofitting" (expensive
Planning volumes and utility demands. road widening) by reserving land
today.
Resource Estimating future water, Enables the phased construction
Allocation energy, and waste of dams, power plants, and
management needs. landfills.
Policy Anticipating shifts in housing Guides the creation of "New
Development demand and employment Towns" or high-density zones to
sectors. prevent sprawl.
Environmental Identifying areas where future Protects vulnerable ecosystems
Protection growth will threaten "Green by directing growth to resilient
Belts." areas.

Box 1.2: Role of Forecasting in Planning
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Short description: Text box summarising how forecasting supports infrastructure planning,
resource allocation, and policy development.

1.2.1 Trend projection methods

Trend projection is a forecasting technique that uses past population data to predict future
growth. It assumes that past trends will continue into the future. For example, if a city has grown
by 2 per cent annually for the last decade, planners may project similar growth rates for the next
decade.

Fill in the blank: Trend projection assumes that past will continue into the future.
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Figure 1.2: Trend Projection Method
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Figure 1.2: Trend Projection Method
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Short description: Line graph showing past population growth extended into the future.

1.2.2 Ratio and apportionment methods

Ratio methods forecast population by applying ratios, such as birth-to-death ratios.or urban-to-
rural ratios, to current data. Apportionment methods distribute projected population among
different areas based on factors such as land use, employment opportunities, or accessibility.

Fill in the blank: Apportionment methods distribute projected population‘/among different
based on land use and employment.

Area Current Population | Share of Employment (%) | Projected Population
Area A $50,000% $40% $60,000%
Area B $30,000% $35% $40,000%
Area C $20,000% $25% $25,000%
Total $100,000% $1008 $125,0008

Table 1.1: Example of Apportionment Method

1.2.3 Regression techniques in forecasting
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Regression analysis is a statistical method that examines the relationship between population
and other variables, such as income, employment, or housing. By identifying correlations,
planners can predict how changes in these variables will affect population growth.

Fill in the blank: Regression analysis examines the relationship between population and other
such as income or housing.

Figure 1.3: Regression Forccating
- Understanding Corrlated Growth Factors -
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Figure 1.3: Regression Forecasting
Short description: Scatter plot showing relationship between income levels and population
growth, with regression line.

Pilot questions 1.2

1. What does trend projection assume about past population growth?
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How do ratio methods forecast population?

What is the purpose of apportionment methods?

Which statistical technique examines the relationship between population and other
variables?

5. Why is forecasting important in planning?

PN

1.3 Migration and Natural Increase Approaches

Population forecasting is not only about projecting past trends, it also involves analysing
migration and natural increase. Migration refers to the movement of people across regions,
while natural increase is the difference between births and deaths in a population. These
approaches help planners understand demographic dynamics more deeply.

Fill in the blank: Natural increase is the difference between and deaths in a
population.
Component Definition Core Variables Impact on Regional
Planning
Natural The difference between Fertility Rates & Long-term Growth:
Increase the number of births and Mortality Rates: Predicts the future
the number of deaths in Influenced by “internal” growth of a
a population. healthcare quality city and the need for
and age structure. schools and geriatric
care.
Net The difference between Push & Pull Short-term Volatility:
Migration people moving into an Factors: Jobs, Migration can cause
area (immigration) and housing costs, rapid spikes in housing
people moving out climate, and demand that natural
(emigration). political stability. increase cannot
explain.

Box 1.3: Migration and Natural Increase in Forecasting
Short description: Text box summarising how migration and natural increase contribute to
population change.

1.3.1 Migration analysis in forecasting

-
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Migration can be internal (movement within a country) or international (movement across
countries). It is influenced by factors such as employment opportunities, education, conflict, and
environmental conditions. Migration analysis helps planners anticipate shifts in population
distribution and demand for services.

Fill in the blank: Migration can be internal or , depending on whether it occurs within
or across countries.

Figure 14: Migration Flows
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Figure 1.4: Migration Flows
Short description: Diagram showing internal migration between rural and urban areas, and
international migration across borders.
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1.3.2 Natural increase and growth composition analysis

Natural increase is calculated by subtracting the number of deaths from the number of births.
When births exceed deaths, the population grows. Growth composition analysis combines
natural increase with migration to provide a fuller picture of population change.

Fill in the blank: Growth composition analysis combines natural increase with to
provide a fuller picture of change.

1.3.3 Strengths and limitations of demographic approaches

Demographic approaches provide detailed insights into population dynamics, but they require
accurate data on births, deaths, and migration. In contexts where data is incomplete or
unreliable, forecasts may be less accurate. Planners must therefore evaluate the strengths and
limitations of these methods before applying them.

-
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— Understanding Population Dynamics for Future Projections —

Predicting Tomorrow by Understaiding Yesterday
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Plate 1.1: Demographic Approaches in Forecasting
Short description: Image showing a planner analysing birth, death, and migration data to
forecast population change.

Pilot questions 1.3

1.
2.
3.
4.
5.

What is natural increase in population forecasting?
Name two factors that influence migration.

What is the difference between internal and international migration?
How is growth composition analysis calculated?

What is one limitation of demographic approaches to forecasting?
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1.4 Frameworks and Allocative Forecasting Methods

Population forecasting can also be carried out using structured frameworks and allocative
methods. These approaches provide planners with systematic tools for distributing projected
populations across regions or sectors, ensuring that growth is managed effectively.

Fill in the blank: Allocative forecasting methods help planners distribute projected
across regions or sectors.

Concept Role in Planning Technical Mechanism
Forecasting Establishing the "Boundary Scenario Planning: Creating a set of
Frameworks Conditions" and logical "If-Then" rules that define the

assumptions (e.g., high- economic and social.environment of the
growth vs. low-growth forecast.
scenarios).
Allocative Distributing a total "control The "Step-Down" Approach: Using
Methods total" (regional population) indicators like land availability, zoning
into smaller spatial units capacity, or employment trends to
(towns or'wards). "allocate" people to specific places.
Top-Down vs. Ensuring consistency Reconciliation: Adjusting local
Bottom-Up between national goals and projections so they don't exceed the
local realities. total capacity set by the regional
framework.

Box 1.4: Frameworks and Allocative Forecasting
Short description: Text box summarising how frameworks and allocative methods structure
population forecasts for planning.

1.4.1 Metric frameworks for population forecasting

Metric frameworks use mathematical and statistical models to structure population forecasts.
They provide consistency by applying standardised measures such as growth rates,
dependency ratios, and density metrics. These frameworks help planners compare different
scenarios and evaluate long-term impacts.
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Fill in the blank: Metric frameworks apply standardised measures such as growth rates and
ratios.

Figure 1.5: Metric Prameworks in Forecating
- Qudersanding Population Dymamics -
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Figure 1.5: Metric Frameworks in Forecasting

Short description: Diagram showing how growth rates and dependency ratios are applied in a
forecasting framework.

1.4.2 Allocative forecasting techniques

Allocative forecasting distributes projected population among different areas based on criteria
such as employment opportunities, housing capacity, or accessibility. This ensures that
forecasts reflect realistic patterns of settlement and resource use.
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Fill in the blank: Allocative forecasting distributes projected population among different areas

based on opportunities and housing capacity.
Area Current Housing Employment Projected
Population Capacity Share (%) Population
Area $40,000% High $50% $55,000%
A
Area $25,000% Medium $30% $32,000%
B
Area $15,000% Low 3203 $18,000%
C
Total $80,000% — $100% $105,000%

Table 1.2: Allocative Forecasting Example

1.4.3 Applications in urban and regional planning

Frameworks and allocative methods are widely applied in urban and regional planning. They
help planners design transport systems, allocate land for housing, and plan public services. By
combining demographic data with spatial analysis, these methods ensure that growth is
managed sustainably.

Fill'in the blank: Allocative methods combine demographic data with analysis to
ensure sustainable growth.
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Plate 1.2: Application of Allocative Forecating in Planning
— Strategting Resources for Urban Development -

Optimizg Urban Futures Through Data-Driven Allocation

- Concept - Data
Plate 1:2: Application of Allocative Forecasting in Planning

Short description: Image showing planners using demographic and spatial data to allocate
resources in a city plan.

Pilot questions 1.4

What do metric frameworks provide in population forecasting?

What is the purpose of allocative forecasting techniques?

Name two criteria used in allocative forecasting.

How do frameworks and allocative methods support urban planning?

What type of analysis is combined with demographic data in allocative methods?

Sl
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Series Summary

This Series introduced the foundations and methods of population estimation and forecasting,
which are essential tools in planning practice. We began by examining current population
characteristics such as age structure, sex ratio, household size, and dependency ratios. These
indicators provide the baseline data for understanding demographic composition.

We then explored methods of population forecasting, including trend projection, ratio and
apportionment, and regression techniques. Each method offers planners a way to anticipate
future population growth, although they differ in assumptions and applications.

The third Part focused on migration and natural increase approaches, highlighting how
births, deaths, and migration flows combine to shape population change.-Finally, we studied
frameworks and allocative forecasting methods, which provide structured ways of
distributing projected populations across regions and sectors, ensuring sustainable and
equitable growth.

Together, these techniques equip planners with the ability to'analyse demographic data, apply
forecasting methods, and evaluate their relevance in urban and regional planning.

Glossary of Terms

o Population estimation: Determining the current size and characteristics of a population.

o Dependency ratio: The proportion of dependents (young and elderly) compared to the
working-age population.

e Trend projection: Forecasting future population growth by extending past trends.

+ Ratio method: Forecasting by applying ratios such as birth-to-death or urban-to-rural
ratios.

e Apportionment method: Distributing projected population among areas based on
employment, land use; or.accessibility.

* Regression analysis: Statistical technique that examines the relationship between
population and other variables.

o Migration: Movement of people across regions, either internal (within a country) or
international (across countries).

o Natural increase: The difference between births and deaths in a population.

o Growth composition analysis: Combining natural increase and migration to
understand overall population change.

e Metric frameworks: Standardised models using measures such as growth rates and
dependency ratios.

o Allocative forecasting: Distributing projected population among different areas based
on criteria such as housing capacity or employment.

Concept check questions 1
Objective questions

1. Population estimation provides the data for forecasting future growth.
(Linked to SLO 1.1)
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2. The dependency ratio shows the proportion of dependents to the
population. (Linked to SLO 1.1)

3. Trend projection assumes that past will continue into the future. (Linked to
SLO 1.2)

4. Apportionment methods distribute projected population among different
based on land use and employment. (Linked to SLO 1.2)

5. Natural increase is the difference between and deaths in a population.
(Linked to SLO 1.3)

Short-answer questions

Define population estimation and explain its importance in planning. (Linked to SLO 1.1)
Name two current population characteristics used in estimation. (Linkedto SLO 1.1)
What is regression analysis in population forecasting? (Linked to SLO 1.2)

Distinguish between internal and international migration. (Linked to SLO 1.3)

0. What is allocative forecasting and why is it important in planning? (Linked to SLO 1.4)

20N

Long-answer questions

11. Describe the foundations of population estimation, including current characteristics and
factors influencing change. (Linked to SLO 1.1)
e Basic response: Learners should explainage structure, sex ratio, household size, and
dependency ratios.
o Value-added response: Outstanding learners may discuss how these indicators inform
housing, education, and health planning.
12. Explain the main methods of population forecasting. (Linked to SLO 1.2)
e« Basic response: Learners should describe trend projection, ratio and apportionment,
and regression techniques:
e Value-added response: Outstanding learners may compare the strengths and
limitations of each method.
13. Analyse migration and natural increase approaches in forecasting. (Linked to SLO 1.3)
e Basic response: Learners should define migration and natural increase, and explain
their role in"population change.
e Value-added response: Outstanding learners may provide examples of how migration
flows and birth-death rates affect regional planning.
14. Evaluate frameworks and allocative forecasting methods in planning practice. (Linked to
SLO 1.4)
e Basic response: Learners should explain metric frameworks and allocative techniques.
o | Value-added response: Outstanding learners may discuss applications in transport
planning, housing allocation, and service provision.

Answers to Pilot Questions [Series 1]
Pilot questions 1.1

To provide baseline data for forecasting and decision-making.
Age structure and household size.

Fertility, mortality, and migration.

It informs the provision of schools, health facilities, and housing.
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e The proportion of dependents compared to the working-age population.
Pilot questions 1.2

o Past population growth patterns will continue into the future.

e By applying ratios such as birth-to-death or urban-to-rural ratios.

e To distribute projected population among different areas based on land use and
employment.

e Regression analysis.

e |t guides infrastructure development and resource allocation.

Pilot questions 1.3

e The difference between births and deaths in a population.

e Employment opportunities and education.

¢ Internal migration occurs within a country, international migration occurs across
countries.

e By combining natural increase with migration.

e They require accurate data, which may not always be available.

Pilot questions 1.4

o Consistency by applying standardised measures such as growth rates and dependency
ratios.

To distribute projected population among different areas.

Housing capacity and employment opportunities.

By ensuring sustainable and equitable distribution of growth.

Spatial analysis.

References and Attributions [Series 1]
Core References

e Mabogunje,A. L. (1968). Urbanisation in Nigeria. London: University of London Press.

e Isard, W. (1960). Methods of Regional Analysis. Cambridge, MA: MIT Press.

e Johnston, R. J., Gregory, D., Pratt, G., & Watts, M. (2000). The Dictionary of Human
Geography: Oxford: Blackwell.

o United Nations. (2019). World Population Prospects. New York: UN Department of
Economic and Social Affairs.

lllustration Placeholders and Attributions

e . Box 1.1: Importance of Population Estimation — Al-generated placeholder. Prompt:
“Create a text box summarising the importance of population estimation for planning.”

e | Figure 1.1: Key Factors in Population Change — Al-generated placeholder. Prompt:
“Create a diagram showing fertility, mortality, and migration as drivers of population
change.”

e Box 1.2: Role of Forecasting in Planning — Al-generated placeholder. Prompt: “Create a
text box summarising the role of population forecasting in planning.”

e Figure 1.2: Trend Projection Method — Al-generated placeholder. Prompt: “Create a line
graph showing past population growth extended into the future.”
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Table 1.1: Example of Apportionment Method — Al-generated placeholder. Prompt:
“Create a table showing apportionment of projected population based on employment
share.”

e Figure 1.3: Regression Forecasting — Al-generated placeholder. Prompt: “Create a
scatter plot showing relationship between income levels and population growth, with
regression line.”

e Box 1.3: Migration and Natural Increase in Forecasting — Al-generated placeholder.
Prompt: “Create a text box summarising how migration and natural increase contribute
to population change.”

o Figure 1.4: Migration Flows — Al-generated placeholder. Prompt: “Createa diagram
showing internal migration between rural and urban areas, and international migration
across borders.”

e Plate 1.1: Demographic Approaches in Forecasting — Al-generated placeholder. Prompt:
“Generate an image showing a planner analysing birth, death, and migration data to
forecast population change.”

e Box 1.4: Frameworks and Allocative Forecasting — Al-generated placeholder. Prompt:
“Create a text box summarising how frameworks and allocative methods structure
population forecasts for planning.”

e Figure 1.5: Metric Frameworks in Forecasting — Al-generated placeholder. Prompt:
“Create a diagram showing how growth rates and dependency ratios are applied in a
forecasting framework.”

e Table 1.2: Allocative Forecasting Example' = Al-generated placeholder. Prompt: “Create
a table showing allocative forecasting based on housing capacity and employment
share.”

e Plate 1.2: Application of Allocative Forecasting in Planning — Al-generated placeholder.

Prompt: “Generate an image showing planners using demographic and spatial data to

allocate resources in a city plan.”

Course Code: URP 309
Course Title: Quantitative Techniques and Methods in Planning

Course Units: 2 Units

Series 1: Population Estimation and Forecasting Techniques in Planning

Series 2: Introduction to Quantitative Methods and Analytical Tools

Series 3: Statistical Analysis and Measurement Techniques in Planning

Series 4: Hypothesis Testing and Mathematical Models in Urban Planning

Series 5: Simulation Models and Applied Quantitative Methods in Spatial Decision-Making

Here is the proposed outline for Series 2:

Part 2.1 Fundamentals of Quantitative Methods in Planning

-
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o Definition and scope of quantitative methods
o Importance of quantitative approaches in planning practice
o Limitations and challenges of quantitative methods

Part 2.2 Time Series and Regression Analysis

Basics of time series analysis

Applications of time series in planning

Introduction to regression analysis

Regression applications in spatial decision-making

Part 2.3 Index Numbers and Scaling Techniques

o Definition and uses of index numbers
e Types of scales in planning research
e Scaling techniques: social distance and socio-metric measurement

Part 2.4 Linear Programming and Transportation Network Analysis

e Principles of linear programming
e Applications of linear programmingin resource allocation
e Transportation network analysis and planning models

Introduction

Quantitative methods provide planners with systematic tools for analysing data and making
informed decisions. These methods rely on numerical techniques and statistical approaches to
interpret complex information about populations, resources, and spatial patterns.

In this Series, we begin with the fundamentals of quantitative methods, defining their scope and
importance in planning practice. We then explore time series and regression analysis, which are
widely used for identifying trends and relationships in planning data. The third Part introduces
index numbers and scaling techniques, which help in measuring social and economic variables.
Finally, we examine linear programming and transportation network analysis, which are
powerful tools for resource allocation and spatial modelling.

The aim of this Series is to equip learners with the ability to apply quantitative methods and
analytical tools to real-world planning problems, thereby enhancing their decision-making
capacity.

Series learning outcomes
By the end of this Series, you should be able to:

e SLO 2.1 define and explain the scope, importance, and limitations of quantitative
methods in planning.
e SLO 2.2 apply time series and regression analysis to interpret planning data and identify
trends.
e SLO 2.3 analyse the use of index numbers and scaling techniques in measuring social
and economic variables.
ol
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o SLO 2.4 evaluate the applications of linear programming and transportation network
analysis in resource allocation and spatial planning.

2.1 Fundamentals of Quantitative Methods in Planning

Quantitative methods are systematic techniques that rely on numerical data to support decision-
making in planning. They allow planners to analyse complex information, identify patterns, and
design solutions that are evidence-based. These methods are particularly useful when dealing
with large datasets, spatial problems, and resource allocation.

Fill in the blank: Quantitative methods rely on

data to support decision-making in

planning.
Role Application Planning Value
Evidence- Using census data and survey Credibility: Provides a defensible
Based Support results to justify the need for rationale for policy decisions that can
new infrastructure. withstand legal and political scrutiny.
Trend Analyzing historical data to Anticipation: Allows planners to
Identification detect patterns in population "see around the corner" and prepare
growth or economic decline. for future demands before they
become crises.
Resource Calculating the most efficient Fiscal Responsibility: Ensures that
Optimization distribution of services (e.g., limited public budgets are spent
fire stations or clinics) based where they will have the greatest
on density. measurable impact.
Scenario Running mathematical models Risk Mitigation: Identifies potential
Testing to predict the impact of a new negative "side effects" of a plan

highway or zoning change.

before any physical construction
begins.

-
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Box 2.1: Role of Quantitative Methods in Planning




Short description: Text box summarising how quantitative methods provide evidence-based
support for planning decisions.

2.1.1 Definition and scope of quantitative methods

Quantitative methods are defined as techniques that use mathematical, statistical, and
computational tools to analyse data. Their scope includes forecasting, modelling, hypothesis
testing, and optimisation. In planning, they are applied to study population-growth, transport
systems, housing demand, and environmental impacts.

Fill in the blank: Quantitative methods use , statistical, and computational tools to
analyse data.

2.1.2 Importance of quantitative approaches in planning practice

Quantitative approaches are important because they provide planners with objective evidence.
They reduce reliance on intuition and allow for more accurate predictions. For example,
regression analysis can show how income levels affect housing demand, while time series
analysis can reveal long-term population trends.

Fill in the blank: Quantitative approaches reduce reliance on and provide objective
evidence for planning.

-
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Figure 2.1: Importance of Quantinilative Approaches

— Empowering Planning Through Data & Analysis -

2. Key Applications

Forecasting
1. Core Concept Uses historical data historical
( =) data predict future trends and

population changon changes

Quantnative Approaches: (e:pl, demagrahics, resource
Systemzic methods that use demand).

numereal data and statistical

analysis ganalysis to inform ’ Supports

planning processes. .
Modelling

Creates simulations test test
scenass cemagets traffic flow
\_ y, (potential impacts (raffc tuban
growth)

Decision-Making

Provides evidence-basse insights
optimize resource allocial,
allocation.

&)

Driving Informed & Effective Planning Strategies

- Concept . Data

Monday, February 9, 2026, 2:21:50 PM WAT

X5

h"a

Figure 2.1: Importance of Quantitative Approaches
Short description: Diagram showing how quantitative methods support forecasting, modelling,
and decision-making in planning.

2.1.3 Limitations and challenges of quantitative methods

Despite their usefulness, quantitative methods have limitations. They depend on the availability
of accurate data, and results may be misleading if assumptions are incorrect. They may also
oversimplify complex social realities, which require qualitative insights. Planners must therefore
combine quantitative and qualitative approaches for balanced decision-making.
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Fill in the blank: Quantitative methods may oversimplify complex realities, requiring
qualitative insights for balance.

Figate 2.1: Challenges of Quantinilative Methods

- Balancing Data and Nuance for Hollstic Planning -

Integrating Diverse Perspectives for Robust Planning

. Concept B Data
ia :

Monday, February 9, 2026, 2:22:43 PM WAT)d.

Plate 2.1: Challenges of Quantitative Methods
Short description: Image showing a planner balancing quantitative data with qualitative insights.

Pilot questions 2.1

What are quantitative methods defined as?

Name two areas where quantitative methods are applied in planning.
Why are quantitative approaches important in planning practice?

What is one limitation of quantitative methods?

Why should planners combine quantitative and qualitative approaches?

aRWON=

-
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2.2 Time Series and Regression Analysis

Quantitative analysis in planning often requires tools that can identify trends and relationships in
data. Time series analysis and regression analysis are two widely used techniques. Time
series focuses on data collected over intervals of time, while regression examines the
relationship between variables. Together, they provide planners with powerful insights for
forecasting and decision-making.

Fill in the blank: Time series analysis focuses on data collected over of time.
Analytical Primary Function Application in Planning
Tool
Time Series Analyzing a sequence of data Trend Identification: Detecting
Analysis points collected over time (e.q., seasonal cycles or long-term growth
annual housing starts). patterns to schedule infrastructure
delivery.(e.g., when to open a new
school).
Regression Examining the relationship Causal Modeling: Estimating how
Analysis between a dependent variable much a specific change—like adding
(e.g., land price) and one or more a new metro station—wiill influence
independent variables (e.g., property values or population
distance to transit). density.

Box 2.2: Role of Time Series and Regression in Planning
Short description.Text box summarising how time series and regression analysis help planners
identify trends and relationships.

2.2.1 Basics of time series analysis

Time series analysis involves studying data points collected sequentially over time. Examples
include monthly population growth, annual housing demand, or daily traffic counts. By
examining patterns such as trends, cycles, and seasonal variations, planners can make
informed predictions about future developments.

Fill in the blank: Time series analysis examines patterns such as trends, cycles, and
variations.

-
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Figure 2.2: Example of Time Series Data
— Capturing Patterns of Population Change —

Population Growth with Trend and Seasonality
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Figure 2.2: Example of Time Series Data

Short description: Line graph showing population growth over ten years with trend and seasonal
variations.

2:2.2 Applications of time series in planning

Time series is applied in forecasting population growth, predicting traffic flows, and estimating
housing demand. For example, analysing traffic counts over several years can help planners
design road networks that meet future needs.

Fill in the blank: Analysing traffic counts over several years can help planners design
networks.
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2.2.3 Introduction to regression analysis

Regression analysis is a statistical technique used to examine the relationship between a
dependent variable and one or more independent variables. In planning, regression can show
how income levels affect housing demand or how employment opportunities influence migration
patterns.

Fill in the blank: Regression analysis examines the relationship between a dependent:variable
and variables.

%‘ Figure 2.3: Regression Analysis Example E

— Quanturfing Patterns for Planning Change —

2. Key Components

Housing Demand vs. Per Capita Income
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Figure 2.3: Regression Analysis Example
Short description: Scatter plot showing relationship between income levels and housing
demand, with regression line.
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2.2.4 Regression applications in spatial decision-making

Regression is applied in spatial decision-making to predict outcomes such as land use changes,
rent levels, or demand for services. For instance, regression can help planners estimate how
proximity to transport hubs influences housing prices.

Fill in the blank: Regression can help planners estimate how proximity to hubs
influences housing prices.

Pilot questions 2.2

What does time series analysis study?

Name two patterns examined in time series analysis.

Give one application of time series in planning.

What does regression analysis examine?

Provide one example of regression application-in.spatial decision-making.

o=

2.3 Index Numbers and:Scaling Techniques

Index numbers and scaling techniques are essential tools in quantitative analysis. They allow
planners to measure changes in social.and economic variables and to quantify attitudes or
relationships within communities. These tools provide a way of converting complex data into
manageable forms for comparison and interpretation.

Fill in the blank: Index numbers and scaling techniques convert complex into
manageable forms for comparison.

Tool Primary Function Planning Application
Index Measuring the relative change Economic Monitoring: Tracking the
Numbers in a variable (price, volume, or Consumer Price Index (CPI) to
value) compared to a specific understand housing affordability
"Base Year." trends over a decade.

-
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Scaling Converting raw data into a Social Assessment: Measuring

Techniques standardized range (e.g., 1- community satisfaction or the
100) or a "Likert scale" for "walkability" of a neighborhood based
qualitative values. on multiple weighted factors.

Box 2.3: Role of Index Numbers and Scaling Techniques
Short description: Text box summarising how index numbers and scaling techniques help
planners measure change and social relationships.

2.3.1 Definition and uses of index numbers

Index numbers are statistical measures that show changes in.variables over time. They are
often expressed as percentages relative to a base year. For example, a consumer price index
measures changes in the cost of goods and services. In planning, index numbers are used to
track housing costs, transport fares, or population growth.

Fill in the blank: Index numbers are often expressed as relative to a base year.

-
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Figure 2.4: Example of Index Numbers
— Tracking Economic Change Over Time —

Consumer Price Index (CPI) Over 5 Years
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Figure 2.4: Example of Index Numbers
Short description: Graph showing consumer price index changes over five years.

2.3.2 Types of scales in planning research

Scales are measurement tools used to quantify attitudes, perceptions, or behaviours. Common
types include nominal scales (categorical data such as gender), ordinal scales (ranked data

such as satisfaction levels), interval scales (data with equal intervals but no true zero, such as
temperature), and ratio scales (data with equal intervals and a true zero, such as income).

-
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Fill in the blank: A ratio scale has equal intervals and a true

, such as income.

(meters) or

Household Income.

means a total absence of the
variable. Allows for "twice as
much" comparisons.

Scale Example in Characteristics Statistical
Type Planning Capability
Nominal Land-use zones Categories only. Data is Can only calculate
(Residential, sorted into named groups the Mode (the most
Industrial, with no mathematical value frequent category).
Commercial). or order.
Ordinal Survey responses Ranked order. There.is a Can calculate the
(Strongly Disagree clear "more or less” Median and
to Strongly Agree). relationship, but the distance Percentiles.
between ranks is unknown.
Interval Time of day or Equal intervals. The Can calculate the
Temperature distance between units is Mean and Standard
($25"\circ$C). consistent, but there is no Deviation.
true zero point.
Ratio Walking distance True zero point. Zero All statistical

operations are
possible, including
Coefficients of
Variation.

Table 2.1: Types of Scales in Planning Research

2.3.3 Scaling techniques: social distance and socio-metric measurement

Scaling techniques are used to measure social relationships and attitudes. Social distance
scales measure how close or distant individuals feel towards others, often used in studies of
community integration. Socio-metric measurement identifies relationships within groups, such

-
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as friendship networks or leadership patterns. These techniques help planners understand
community dynamics and design inclusive policies.

Fill in the blank: Social distance scales measure how close or individuals feel

towards others.
S %

Concept W Data ll

Plate 2.2: Scaling Techniques in Community Studies
Short description: Image showing a planner using socio-metric charts to analyse community
relationships.

Pilot questions 2.3
1. What are index numbers used to measure?
)

h.?l. » }
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How are index numbers usually expressed?

Name two types of scales used in planning research.
What is the difference between interval and ratio scales?
What do social distance scales measure?

arwn

2.4 Linear Programming and Transportation Network
Analysis

Quantitative methods also include optimisation and network-based approaches that help
planners allocate resources efficiently and design effective transport systems. Linear
programming and transportation network analysis are two powerful tools that provide
structured solutions to planning problems.

Fill in the blank: Linear programming and transportation network analysis are tools that provide
structured to planning problems.

Method Primary Function Planning Application
Linear A mathematical technique to Resource Allocation: Determining
Programming find the "optimal® solution the best mix of land uses to
(maximum or minimum) maximize tax revenue while staying
within a set of constraints. within environmental "caps” on

carbon or water.

Transportation Modeling the movement of Network Planning: Predicting which
Analysis people and goods between road segments will fail under future
origins and destinations. loads and identifying the best

locations for new transit hubs.

Box 2.4: Role of Linear Programming and Transportation Analysis
Short description: Text box summarising how these methods support resource allocation and
transport planning.

2.4.1 Principles of linear programming

Linear programming is a mathematical technique used to optimise resource allocation. It
involves maximising or minimising an objective function subject to constraints. For example,

-
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planners may use linear programming to allocate land for housing, industry, and recreation
while respecting zoning regulations.

Fill in the blank: Linear programming involves maximising or minimising an function
subject to constraints.

%( Figure 2.5: Linear Programming Model é
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Figure 2.5: Linear Programming Model
Short description: Diagram showing objective function and constraints in a simple linear
programming problem.

2.4.2 Applications of linear programming in resource allocation
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Linear programming is applied in planning to allocate limited resources such as land, funds, or
labour. For instance, it can help determine the most efficient distribution of budget across
housing, transport, and education projects.

Fill in the blank: Linear programming helps planners allocate limited such as land;
funds, or labour.

2.4.3 Transportation network analysis and planning models

Transportation network analysis examines the movement of people and goods across a
spatial system. It uses models to evaluate traffic flows, accessibility, and connectivity. Planners
apply this analysis to design road networks, public transport systems, and freight corridors.

Fill in the blank: Transportation network analysis evaluates traffic flows, accessibility, and
within a spatial system.

-
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Strategarzing Urban Futures Through Data-Driven Allocation

c B Concept | Data )
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Plate 2.3: Transportation Network Analysis in Planning
Short description: Image showing a planner analysing traffic flow maps and transport
connectivity.

Pilot questions 2.4

What is the main purpose of linear programming?

What does an objective function represent in linear programming?

Name two resources that can be allocated using linear programming.

What does transportation network analysis examine?

Give one example of how transportation network analysis is applied in planning.

Sl

Series Summary
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This Series introduced learners to the foundations and applications of quantitative methods in
planning. We began with the fundamentals of quantitative methods, defining their scope,
importance, and limitations. These methods provide planners with systematic tools for analysing
data and making evidence-based decisions.

We then examined time series and regression analysis, which are widely used to identify
trends and relationships in planning data. Time series analysis helps forecast future
developments based on past patterns, while regression analysis explores the relationship
between dependent and independent variables.

The third Part focused on index numbers and scaling techniques, which allow planners to
measure changes in social and economic variables and to quantify attitudes or relationships
within communities. These tools make complex data more manageable and interpretable.

Finally, we studied linear programming and transportation network analysis, which are
optimisation and network-based approaches. Linear programming supports efficient resource
allocation, while transportation network analysis helps planners design effective transport
systems by evaluating traffic flows, accessibility, and connectivity.

Together, these methods equip planners with analytical tools to interpret data, forecast trends,
and design sustainable solutions for urban and regional planning:.

Glossary of Terms

¢ Quantitative methods: Techniques that use mathematical, statistical, and
computational tools to analyse data.

o« Time series analysis: Study of data collected sequentially over time to identify trends
and patterns.

o Regression analysis: Statistical technigue that examines the relationship between a
dependent variable and independent variables.

¢ Index numbers: Statistical measures that show changes in variables over time, often
expressed relative to a base year.

« Nominal scale: Measurement scale that categorises data without order (e.g., gender).

o Ordinal scale: Measurement scale that ranks data in order (e.g., satisfaction levels).

e Interval scale: Measurement scale with equal intervals but no true zero (e.g.,
temperature).

o Ratio scale: Measurement scale with equal intervals and a true zero (e.g., income).

e Social distance scale: Tool for measuring how close or distant individuals feel towards
others.

e Socio-metric measurement: Technique for identifying relationships within groups, such
as friendship networks.

o Linear programming: Mathematical technique for optimising resource allocation subject
to constraints.

e Objective function: The function to be maximised or minimised in linear programming.

o -~ Transportation network analysis: Study of traffic flows, accessibility, and connectivity
within a spatial system.

Concept check questions 2
Objective questions

-
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1. Quantitative methods rely on data to support decision-making in planning.
(Linked to SLO 2.1)
2. Time series analysis examines patterns such as trends, cycles, and
variations. (Linked to SLO 2.2)
3. Regression analysis examines the relationship between a dependent variable and
variables. (Linked to SLO 2.2)

4. Index numbers are often expressed as relative to a base year. (Linked to
SLO 2.3)
5. Linear programming involves maximising or minimising an function subject

to constraints. (Linked to SLO 2.4)

Short-answer questions

6. Define quantitative methods and explain their scope in planning. (Linked to SLO 2.1)
7. Name two applications of time series analysis in planning. (Linked.fo SLO2.2)

8. What is regression analysis and why is it important in planning? (Linked to SLO 2.2)
9 Distinguish between interval and ratio scales with examples. (Linked to SLO 2.3)

16. What does transportation network analysis examine? (Linked to SLO 2.4)
Long-answer questions

11. Describe the fundamentals of quantitative methods, including their definition,
importance, and limitations. (Linked to.SLO 2.1)
« Basic response: Learners should explain the reliance on numerical data, scope, and
importance.
e Value-added response: Outstanding learners may discuss challenges such as data
accuracy and the need for qualitative balance.
12. Explain the role of time series and regression analysis in planning. (Linked to SLO 2.2)
o Basic response: Learners should describe time series patterns and regression
relationships.
e Value-added response: Outstanding learners may provide examples of forecasting
population growth or predicting housing demand.
13. Analyse the use of index numbers and scaling techniques in planning research. (Linked

to SLO 2.3)
e Basic response: Learners should define index numbers and scales, and explain their
uses.

e Value-added response: Outstanding learners may compare different scales and
discuss applications in community studies.
14. Evaluate theapplications of linear programming and transportation network analysis in
planning practice. (Linked to SLO 2.4)
e Basic response: Learners should explain optimisation and network analysis principles.
o Value-added response: Outstanding learners may discuss how these methods support
resource allocation and transport system design.

Answers to Pilot Questions [Series 2]
Pilot questions 2.1
e Techniques that use mathematical, statistical, and computational tools to analyse data.

rp
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Population growth and housing demand.

Because they provide objective evidence and reduce reliance on intuition.
They depend on accurate data and may oversimplify social realities.

To achieve balanced decision-making.

Pilot questions 2.2

Data points collected sequentially over time.

Trends and seasonal variations.

Forecasting traffic flows.

The relationship between a dependent variable and independent variables.
Estimating how proximity to transport hubs influences housing prices.

Pilot questions 2.3

Changes in social and economic variables over time.

Percentages relative to a base year.

Nominal and ordinal scales.

Interval scales have equal intervals but no true zero, ratioscales have a true zero.
How close or distant individuals feel towards others.

Pilot questions 2.4

To optimise resource allocation.

The function to be maximised or minimised.

Land and funds.

Movement of people and goods across a spatial system.
Designing road networks or public transport systems.

References and Attributions [Series 2]
Core References

o Kothari, C. R. (2004). Research Methodology: Methods and Techniques. New Delhi:
New Age International.

e Guijarati, D.'N. (2009). Basic Econometrics. New York: McGraw-Hill.

e Levin, R. .4 & Rubin, D. S. (1998). Statistics for Management. New Delhi: Pearson
Education.

e [ United Nations Centre for Regional Development (UNCRD). (2001). Urban Transport
and Planning. Nagoya: UNCRD.

lllustration Placeholders and Attributions

e  Box 2.1: Role of Quantitative Methods in Planning — Al-generated placeholder. Prompt:
“Create a text box summarising the role of quantitative methods in planning.”

e Figure 2.1: Importance of Quantitative Approaches — Al-generated placeholder. Prompt:
“Create a diagram showing how quantitative methods support forecasting, modelling,
and decision-making in planning.”

e Plate 2.1: Challenges of Quantitative Methods — Al-generated placeholder. Prompt:
“Generate an image showing a planner balancing quantitative data with qualitative
insights.”
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Box 2.2: Role of Time Series and Regression in Planning — Al-generated placeholder.
Prompt: “Create a text box summarising how time series and regression analysis help
planners identify trends and relationships.”

Figure 2.2: Example of Time Series Data — Al-generated placeholder. Prompt: “Create a
line graph showing population growth over ten years with trend and seasonal variations.”
Figure 2.3: Regression Analysis Example — Al-generated placeholder. Prompt: “Create a
scatter plot showing relationship between income levels and housing demand, with
regression line.”

Box 2.3: Role of Index Numbers and Scaling Techniques — Al-generated placeholder.
Prompt: “Create a text box summarising how index numbers and scaling.techniques help
planners measure change and social relationships.”

Figure 2.4: Example of Index Numbers — Al-generated placeholder. Prompt: “Create a
graph showing consumer price index changes over five years.”

Table 2.1: Types of Scales in Planning Research — Al-generated placeholder. Prompt:
“Create a table showing types of scales with examples and characteristics:”

Plate 2.2: Scaling Techniques in Community Studies — Al-generated placeholder.
Prompt: “Generate an image showing a planner using socio-metric charts to analyse
community relationships.”

Box 2.4: Role of Linear Programming and Transportation‘Analysis — Al-generated
placeholder. Prompt: “Create a text box summarising how linear programming and
transportation analysis support resource allocation and transport planning.”

Figure 2.5: Linear Programming Model — Al-generated placeholder. Prompt: “Create a
diagram showing objective function and constraints ina simple linear programming
problem.”

Plate 2.3: Transportation Network Analysis in. Planning — Al-generated placeholder.
Prompt: “Generate an image showing a planner analysing traffic flow maps and transport
connectivity.”

Course Code: URP 309

Course Title: Quantitative Techniques and Methods in Planning

Course Units: 2 Units

Series 1: Population Estimation and Forecasting Techniques in Planning

Series 2: Introduction to Quantitative Methods and Analytical Tools

Series 3: Statistical Analysis and Measurement Techniques in Planning

Series 4: Hypothesis Testing and Mathematical Models in Urban Planning

Series 5: Simulation Models and Applied Quantitative Methods in Spatial Decision-Making

Here is the proposed outline for Series 3:

Part 3.1 Fundamentals of Statistical Analysis in Planning

-
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e Definition and scope of statistical methods
e Importance of statistics in planning practice
o Limitations of statistical approaches

Part 3.2 Descriptive Statistics and Data Presentation

e Measures of central tendency (mean, median, mode)
o Measures of dispersion (range, variance, standard deviation)
o Data presentation techniques (tables, charts, graphs)

Part 3.3 Inferential Statistics and Hypothesis Testing

e Sampling methods and sample size determination
e Hypothesis formulation and testing
o Common statistical tests (t-test, chi-square, ANOVA)

Part 3.4 Measurement Techniques in Planning Research

o Reliability and validity in measurement
e Scaling techniques (Likert, Thurstone, Guttman)
e Applications of measurement in planning surveys

Introduction

Statistics provides planners with systematic tools for collecting, analysing, and interpreting data.
In planning practice, statistical methods are essential for understanding population
characteristics, evaluating social and economic trends, and testing hypotheses about future
developments. This Series introduces learners to the fundamentals of statistical analysis,
descriptive and inferential technigues, and measurement approaches used in planning
research.

The Series begins with the fundamentals of statistical analysis, defining its scope,
importance, anddimitations. It then explores descriptive statistics and data presentation,
which summarise and visualise data for easier interpretation. The third Part covers inferential
statistics and hypothesis testing, enabling planners to draw conclusions about populations
based on samples. Finally, the Series examines measurement techniques in planning
research, focusing on reliability, validity, and scaling methods.

The aim of this Series is to equip learners with the ability to apply statistical tools and
measurement techniques to planning problems, ensuring that decisions are evidence-based
and scientifically sound.

Series Learning Outcomes (SLOs)

By the end of this Series, you should be able to:
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e« SLO 3.1 define and explain the scope, importance, and limitations of statistical methods
in planning.

e SLO 3.2 apply descriptive statistics and data presentation techniques to summarise and
interpret planning data.

e SLO 3.3 analyse and conduct inferential statistics, including hypothesis testing and
common statistical tests.

e SLO 3.4 evaluate measurement techniques in planning research, including reliability,
validity, and scaling methods.

3.1 Fundamentals of Statistical Analysis in Planning

Statistics provides planners with a structured way of collecting, analysing, and interpreting data.
It ensures that planning decisions are based on evidence rather than assumptions. By applying
statistical methods, planners can identify trends, measure variability, and evaluate the reliability
of data used in forecasting and policy-making.

Fill in the blank: Statistics ensures that planning decisions are based on rather
than assumptions.

Function Strategic Application Planning Value
Descriptive Summarizing large datasets Baseline Mapping: Establishing the
Analysis (census, traffic counts) into current state of a region’s
manageable averages and totals. population, housing, and economy.
Inferential Drawing conclusions about a Cost-Efficiency: Allows planners to
Statistics whole population based on a understand community needs
smaller sample survey. without the massive expense of a

full census every year.

Predictive Projecting future growth patterns Future-Proofing: Providing the data
Modeling based on historical probability needed to justify the size and
and growth rates. location of future infrastructure like

hospitals or reservoirs.

-
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Hypothesis Mathematically determining if a Accountability: Proving whether a

Testing change (e.g., a new park) caused planning intervention actually
a specific result (e.g., increased worked or if the results occurred by
property values). chance.

Box 3.1: Role of Statistics in Planning
Short description: Text box summarising how statistics supports evidence-based planning
decisions.

3.1.1 Definition and scope of statistical methods

Statistical methods are techniques used to collect, organise, analyse, and interpret numerical
data. Their scope includes descriptive statistics, inferential statistics, probability analysis, and
measurement techniques. In planning, they are applied to study population characteristics,
housing demand, transport flows, and environmental impacts.

Fill in the blank: Statistical methods are techniques used to collect, organise, analyse, and
numerical data.

3.1.2 Importance of statistics in planning practice

Statistics is important because.it provides planners with tools to summarise large datasets,
identify patterns, and test hypotheses. For example, descriptive statistics can show the average
household size in a city, while inferential statistics can help predict future housing demand.

Fill in the blank: Statistics provides planners with tools to summarise large datasets and test

-
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Figure 3.1: Importance of Statistics in Planning
— Empowering Data-Driven Urban Development —

i

2. Key Applications

1. Core Concept Summarisation:
> 3 Condenses large datssets into manggable,
|»7 Statistics in Planning descriptive (oecripive metrics (e.g, averages,

frequencies) to understand current conditions
The collection analyysis
analysis interperiunation, and
best outcome, nuimieta, and Pattern Identification:
numerical data to inform valitate
planning strategies and
policies. ~

Uncovers trends, corrolations, disparries, and
analumies (e.g, growth, disparlspaos clustees)
to predicts future changes)

@7?
Evaluates the validty polcy ing impacts and
polings statistes to support evidece-= based
decisions

B Concept  Data
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Figure 3.1: Importance of Statistics in Planning

Short description: Diagram showing how statistics supports summarisation, pattern
identification, and hypothesis testing in planning.

Driving Informed & Effective Planning Strategies

3.1.3 Limitations of statistical approaches

Despite their usefulness, statistical approaches have limitations. They depend on accurate data,
and results may be misleading if sampling is biased or assumptions are incorrect. Statistics may
also fail to capture qualitative aspects of planning, such as cultural values or community
preferences.
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Fill in the blank: Statistical approaches may fail to capture qualitative aspects such as
values or community preferences.

Plate 3.1: Limitations of Statistics in Planning
- Balancing Quand Data with Qualitital Insights -

Integrating Holistic Perspectives for Robust Decision-Manning

- B Concept M Data Vo)

Plate 3.1: Limitations of Statistics in Planning
Short description: Image showing a planner balancing statistical data with qualitative insights.

Pilot questions 3.1

What are statistical methods defined as?

Name two areas where statistical methods are applied in planning.
Why are statistics important in planning practice?

What is one limitation of statistical approaches?

Why should planners balance statistical and qualitative approaches?

aRWON=
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3.2 Descriptive Statistics and Data Presentation

Descriptive statistics summarise and organise data so that planners can understand patterns
and distributions without needing to examine every individual data point. They provide
measures of central tendency, dispersion, and visualisation techniques that make complex
datasets easier to interpret.

Fill in the blank: Descriptive statistics summarise and data to reveal patterns and
distributions.

Statistical Tool Function Application in Planning
Measures of Finding the "typical” value Benchmarking: Determining the
Central using Mean, Median, and “average" household size to decide how
Tendency Mode. many two-bedroom vs. four-bedroom

units.a new development needs.

Measures of Showing how "spread out" Equity Analysis: Identifying if wealth is
Dispersion the data is using Range, concentrated in one area or distributed
Variance, and Standard evenly across the region.
Deviation.
Frequency Counting how often a Land-Use Audits: Quantifying the
Distribution specific characteristic percentage of a city dedicated to "Green
occeurs (e.q., land-use Space" versus "Industrial” zones.
types).
Data Translating numbers into Public Communication: Making
Visualization Charts, Histograms, and complex density data understandable for
Box Plots. non-technical stakeholders during town

hall meetings.

Box 3.2: Role of Descriptive Statistics in Planning
Short description: Text box summarising how descriptive statistics help planners interpret large

datasets.
)
K.
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3.2.1 Measures of central tendency (mean, median, mode)
Central tendency measures describe the “average” or typical value in a dataset.
e Mean: The arithmetic average of all values.
¢ Median: The middle value when data is ordered.

e Mode: The most frequently occurring value.

In planning, these measures can be used to determine average household size, median
income, or the most common mode of transport.

Fill in the blank: The is the most frequently occurring value in a dataset.

-
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Figure 3.2: Measures of Central Tendeency
— Understanding Data Distribution —

QO <L \%S

1. Core Concept Y.
Central Tendency ]L'I

Statistcal metrics (me
(mean, median, mode) that
identify the central or
tyalue in the probaibiity
distribution, helping
plannerers understand
average conditiosn.

2. Key Components

Mode: Most frequents
value.

Median: Middle value when

ordered of all values.

)
Mode Median Mean

A

Analyding Typical Values for Planning Insights
3 I
Monday, February 9,2026, 2:39:43 PM WAT /‘)’i
D)= 3 S (6

Figure 3.2: Measures of Central Tendency
Short description: Diagram showing mean, median, and mode on a distribution curve.

3.2.2 Measures of dispersion (range, variance, standard deviation)
Dispersion measures show how spread out data values are.

o Range: Difference between the highest and lowest values.
o Variance: Average of squared differences from the mean.
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o Standard deviation: Square root of variance, showing typical deviation from the mean.

In planning, dispersion helps identify inequality in income distribution or variability in housing
prices.

Fill in the blank: The is the square root of variance, showing typical deviation from
the mean.

Figure 3.3: Measures of Central Temdeency
— Quantifiting Data Varability for Planning —

1. Core Concept @ 1 %
Central Tendency { \

Statistcal metrics that 2. Key Components

describe that spread or =
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dataseet, helping the ol MEREEN max of min values.
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ranues range, variance, and [ Bl deviations fromed the Mean

reliabilty of data.

) Standard Devation:
: g yvamm Avg. distaned differences
Mode W ET] from standar the Mean

A

Analyting Data Spread for Informed Planning

x Concept Data Il

) e
f % Monday, February 9,2026, 2:40:38 PM WAT /'))i
(D) 1. of 7

Figure 3.3: Measures of Dispersion
Short description: Diagram showing range, variance, and standard deviation in a dataset.
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3.2.3 Data presentation techniques (tables, charts, graphs)
Data presentation techniques make statistical findings easier to communicate.
e Tables: Organise data systematically.
e Charts: Show comparisons (bar charts, pie charts).

o Graphs: Display trends and relationships (line graphs, scatter plots).

Planners use these techniques to present population growth, transport flows, or housing
demand in a clear and accessible format.

Fill in the blank: Planners use to present population growth, transport flows, or
housing demand clearly.

Plate 3.2: Data Presentation in Planning
— Visualizing Insights for Stakeloter Engagement —

jnli“l&illl' :
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Plate 3.2: Data Presentation in Planning
Short description: Image showing a planner presenting data using charts and graphs in a
meeting.

Pilot questions 3.2

What are measures of central tendency used for?

Name the three measures of central tendency.

What does the range measure in a dataset?

What is the difference between variance and standard deviation?
Name two techniques used to present data in planning.

agbrwoN=

Yes

3.3 Inferential Statistics and Hypothesis Testing

Inferential statistics allow planners to make generalisations about-a population based on data
collected from a sample. They provide tools for testing hypotheses, estimating parameters, and
determining the reliability of conclusions. This is essential.in planning; where it is often
impractical to collect data from an entire population.

Fill in the blank: Inferential statistics allow planners to make about a population
based on a sample.

Function Planning Mechanism Strategic Value
Generalization Using a survey of $500$ Cost Efficiency: Saves time and
residents to estimate the public funds by providing accurate
views of an entire city of insights without needing a full census
$500,0009. for every minor project.
Hypothesis Using $p$-values to Policy Validation: Provides

Testing determine if a decrease in mathematical proof that a specific

traffic is due to a new bike planning intervention is effective (or
lane or just random variation. ineffective).

-
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Confidence Calculating a "range” (e.g., Risk Management: Helps planners
Intervals $95\%$ confidence) within understand the degree of uncertainty
which the true population in their projections before committing

value likely falls. to large infrastructure budgets.
Correlation Testing the strength of the Causal Insight: Helps-identify which

Analysis relationship between two environmental factors have the
variables, like "proximity to strongest impact on community well-

parks" and "public health."” being.

Box 3.3: Role of Inferential Statistics in Planning
Short description: Text box summarising how inferential statistics help planners generalise
findings and test hypotheses.

3.3.1 Sampling methods and sample size determination

Sampling methods involve selecting a subset of a population to represent the whole. Common
methods include random sampling, stratified sampling, and cluster sampling. Determining the
correct sample size is crucial to ensure accuracy and reliability of results.

Fill in the blank: Random sampling gives each member of the population an equal
of being selected.

-
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Figure 3.4: Sampling Methods -

— Selecting Representative Data for Analysis —

Random Sampling Stratified Sampling Cluster Sampling

tenocethesal you fanning and

Ensuring Unublised Insights for Planning Decisions
Monday, February 9. 2026, 2:43:21 PM WAT

Figure 3.4: Sampling Methods
Short description: Diagram showing random, stratified, and cluster sampling methods.

3.3.2 Hypothesis formulation and testing

A hypothesis is a statement about a population parameter that can be tested using statistical
methods. Hypothesis testing involves setting up a null hypothesis (Hy) and an alternative
hypothesis (H,), then using sample data to decide whether to reject H,.
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Fill in the blank: Hypothesis testing involves setting up a null hypothesis and an
hypothesis.

Figure 3.5: Hypothesis Testing Process

— Validating Planning Assumptions with Data —

1. State Hyposses

Formuilate null (Ha) and
alternative hypodises about a
population parameter.

I

T Select Test & Significance Level

Leve!:hoose statisical test (e. t-test
ANOVA) and alJevel (e.0.5).

|

|ﬁ Collect Data & Calculate
(1}

Gather sample data and
computa compute test statistic
statistic & p-value.

|

Q’ Make Decision
X Compare- putle-poule to alject:
Reject HO it < alpla, else Fail to
to Reject HO

Ensuring Evidence-Based Planning Decisions
Monday, February 9, 2026, 2-4539 PM WAT

Figure 3.5: Hypothesis Testing Process
Short description: Flowchart showing steps in hypothesis testing: state hypotheses, select test,
collect data, make decision.

3.3:3 Common statistical tests (t-test, chi-square, ANOVA)
Several statistical tests are used in planning research:
o t-test: Compares means between two groups.

e Chi-square test: Examines relationships between categorical variables.
o ANOVA (Analysis of Variance): Compares means across multiple groups.
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These tests help planners evaluate differences in housing demand, transport preferences, or
income levels across communities.

Fill in the blank: A chi-square test examines relationships between variables.

Plate 3.3: Statistical Tests in Planning Research
— Appliing Analytics for Community Insights —

s @

Advancing Planning Research Through Rigurious Analysis Concept

> ﬁCO"“P‘ Monday, February 9, 2026, 2:46:28 PM WAT

Plate 3.3: Statistical Tests in Planning Research
Short description: Image showing a planner applying t-test, chi-square, and ANOVA to
community survey data.

Pilot questions 3.3

1. What do inferential statistics allow planners to do?
2. Name two sampling methods used in planning research.

-
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3. What are the two types of hypotheses in hypothesis testing?
4. What does a t-test compare?
5. What type of variables does a chi-square test examine?

3.4 Measurement Techniques in Planning Research

Measurement techniques provide planners with tools to quantify attitudes, perceptions; and
behaviours in a reliable and valid way. They ensure that data collected in surveys and studies
can be interpreted meaningfully and used to support planning decisions.

Fill in the blank: Measurement techniques ensure that data collected in surveys can be

interpreted and used in planning.
Concept Planning Objective Practical Application
Reliability Ensuring the measurement Traffic Audits: Using standardized
produces the same results Sensors so that traffic volume is

under consistent conditions. measured the same way in both peak
and off-peak seasons.

Validity Ensuring the tool actually Affordability Metrics: Ensuring that
measures what it claims to "Housing Affordability” measures
measure. more than just rent—it must include

transport and utility costs to be valid.

Standardization Applying uniform rules for Land-Use Classification: Using a
data collection across shared "GIS Legend" so that "Open
different districts. Space"” means the same thing in
every municipality.
Precision & Minimizing "Measurement Topographical Surveys: Using high-
Accuracy Error" through the use of precision GPS to ensure building
calibrated tools and trained heights don't interfere with regional
observers. "view corridors."

-
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Box 3.4: Role of Measurement Techniques in Planning
Short description: Text box summarising how measurement techniques support reliable and
valid data collection in planning research.

3.4.1 Reliability and validity in measurement

+ Reliability refers to the consistency of a measurement tool. A reliable survey produces
similar results under consistent conditions.

o Validity refers to whether the tool measures what it is intended to measure. For
example, a housing satisfaction survey must truly capture satisfaction levels, not
unrelated factors.

Fill in the blank: Reliability refers to the of a measurement tool, while validity refers
to accuracy.

-
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— Understanding Measurement Quality in Planning Data —

1. Core Concept Reliability (Consistency)

Reliability & Validity: Two key
componants of mearuement

quality in planning data.
Reliability refers to
consistancy, while validity refers t

accuracy. Low Validity, Low Validity,
High Reiability Low Reiability
Validity (Accuracy)
High Validity, Low Validity,
High Reiability High Reiability

. Concept [ Data

Ensuring Trustwor€tshy Insights for Effective Planning Decisions

L

a
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Figure 3.6: Reliability vs Validity
Short description: Diagram showing the difference between reliability (consistency) and validity
(accuracy).

3.4.2 Scaling techniques (Likert, Thurstone, Guttman)
Scaling techniques are used to measure attitudes and perceptions:

o Likert scale: Respondents indicate agreement or disagreement on a scale (e.g.,
strongly agree to strongly disagree).
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e« Thurstone scale: Respondents select statements they agree with, each weighted by
experts.

o Guttman scale: Measures cumulative agreement, where agreeing with a stronger
statement implies agreement with weaker ones.

Fill in the blank: A scale asks respondents to indicate agreement or disagreement
on a graded scale.

Scale Type Description Example in Planning
Likert Measures the level of agreement "The new regional bus terminal is
Scale or disagreement with a single easy to access." (1:/Strongly

statement on a symmetric scale. Disagree to 5: Strongly Agree).

Thurstone A series of statements with "scale A'survey on park quality where
Scale values" assigned by experts. statements like "The park is

Respondents check only the dangerous” have a low value and
statements they agree with. "The park is a community hub" has a
high value.
Guttman A cumulative scale where 1. I support public transit.
Scale agreement with a "strong" or
"difficult" item implies agreement
with all preceding "easier" items.
2. | support a bus stop on my street.
3. I support a bus lane taking over a
car lane.

Table 3.1: Common Scaling Techniques

3.4.3 Applications of measurement in planning surveys

Measurement techniques are applied in surveys to assess community satisfaction, housing
preferences, transport choices, and environmental attitudes. They help planners design policies
that reflect the needs and perceptions of residents.

-
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Fill in the blank: Measurement techniques help planners design policies that reflect the
and perceptions of residents.

Plate 3.4: Application of Measurement in Planning Surveys
— Using Scaling Techniques for Community Data —

Collecting Quantifffable Insights for Urban Development
Monday, February 9, 2026, 2:49:32 PM WAT

Plate 3.4: Application of Measurement in Planning Surveys
Short description: Image showing a planner conducting a community survey using scaling
techniques.

Al prompt suggestion: “Generate an image showing a planner conducting a community survey
using scaling techniques.”

Pilot questions 3.4

1. What does reliability in measurement refer to?
2. What does validity in measurement refer to?

)
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3. Name three scaling techniques used in planning research.
4. What type of scale asks respondents to indicate agreement or disagreement?
5. Give one application of measurement techniques in planning surveys.

Series Summary

This Series introduced learners to the role of statistics and measurement in planning practice.
We began with the fundamentals of statistical analysis, defining its scope, importance, and
limitations. Statistics provide planners with evidence-based tools for summarising data,
identifying patterns, and supporting decision-making.

We then explored descriptive statistics and data presentation, focusing on'measures of
central tendency (mean, median, mode), measures of dispersion (range,variance, standard
deviation), and techniques for presenting data through tables, charts, and graphs. These tools
help planners communicate findings clearly and effectively.

The third Part examined inferential statistics and hypothesis testing, which allow planners to
generalise from samples to populations. We discussed sampling methods; hypothesis
formulation, and common statistical tests such as the t-test, chi-square, and ANOVA. These
methods enable planners to test assumptions and evaluate differences across communities.

Finally, we studied measurement techniques inplanning research, including reliability,
validity, and scaling methods (Likert, Thurstone, Guttman). These techniques ensure that
surveys and studies capture attitudes, perceptions, and behaviours accurately, supporting
inclusive and responsive planning policies.

Together, these Parts provide planners with a comprehensive toolkit for analysing data, testing
hypotheses, and measuring social-variables in planning research.

Glossary of Terms

Statistics: Techniques for collecting, analysing, and interpreting numerical data.
Descriptive statistics: Methods for summarising and presenting data.

Central tendency: Measures of the “average” value in a dataset (mean, median, mode).
Dispersion: Measures of variability in data (range, variance, standard deviation).
Inferential statistics: Methods for making generalisations about populations based on
samples.

Sampling: Selecting a subset of a population to represent the whole.

Hypothesis testing: Statistical process of evaluating assumptions about population
parameters.

t-test: Statistical test comparing means between two groups.

Chi-square test: Test examining relationships between categorical variables.

ANOVA (Analysis of Variance): Test comparing means across multiple groups.
Reliability: Consistency of a measurement tool.

Validity: Accuracy of a measurement tool in capturing what it intends to measure.
Likert scale: Scale measuring agreement or disagreement with statements.
Thurstone scale: Scale using weighted expert-rated statements.

Guttman scale: Scale measuring cumulative agreement.

Concept Check Questions 3

-
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Objective questions

1. Statistics ensures that planning decisions are based on rather than
assumptions. (Linked to SLO 3.1)

2. The is the most frequently occurring value in a dataset. (Linked to SLO 3:2)

3. The is the square root of variance, showing typical deviation from the
mean. (Linked to SLO 3.2)

4. Inferential statistics allow planners to make about a population based on a
sample. (Linked to SLO 3.3)

5. A chi-square test examines relationships between variables: (Linked to
SLO 3.3)

6. Reliability refers to the of a measurement tool, while validity refers to

accuracy. (Linked to SLO 3.4)

Short-answer questions

7. Define statistical methods and explain their scope in planning. (Linkedto SLO 3.1)
8. Name the three measures of central tendency. (Linked to SLO 3.2)

9. What does the range measure in a dataset? (Linked to SLO 3.2)

10. Name two sampling methods used in planning research. (Linked to SLO 3.3)

11. What are the two types of hypotheses in hypothesis testing?(Linked to SLO 3.3)
12. Name three scaling techniques used.in planning research. (Linked to SLO 3.4)

Long-answer questions

13. Describe the fundamentals of statistical analysis, including definition, importance, and
limitations. (Linked to SLO 3.1)
e Basic response: Learners:should explain the reliance on numerical data, scope, and
importance.
o Value-added response: Outstanding learners may discuss challenges such as biased
sampling and the need for qualitative balance.
14. Explain the role of descriptive statistics in planning, including measures of central
tendency and dispersion. (Linked to SLO 3.2)
e Basic response: Learners should describe mean, median, mode, range, variance, and
standard deviation:.
e Value-added response: Outstanding learners may provide examples of how these
measures are applied in planning datasets.
15. Analyse the use of inferential statistics and hypothesis testing in planning research.
(Linked to SLO 3.3)
e Basic response: Learners should explain sampling, hypothesis formulation, and
common statistical tests.
o Value-added response: Outstanding learners may provide examples of applying t-tests,
chi-square, or ANOVA in community studies.
16. Evaluate measurement techniques in planning research, including reliability, validity, and
scaling methods. (Linked to SLO 3.4)
o Basic response: Learners should define reliability and validity and name scaling
techniques.
o Value-added response: Outstanding learners may discuss applications of Likert,
Thurstone, and Guttman scales in planning surveys.

Answers to Pilot Questions [Series 3]

rp
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Pilot questions 3.1

Techniques used to collect, organise, analyse, and interpret numerical data.
Population characteristics and housing demand.

Because they summarise data, identify patterns, and test hypotheses.

They depend on accurate data and may fail to capture qualitative aspects.
To achieve balanced and inclusive decision-making.

Pilot questions 3.2

To describe the “average” or typical value in a dataset.

Mean, median, and mode.

The difference between the highest and lowest values.

Variance is the average of squared differences from the mean, while standard deviation
is its square root.

e Tables and charts.

Pilot questions 3.3

Make generalisations about a population based on a sample.
Random sampling and stratified sampling.

Null hypothesis and alternative hypothesis:

Means between two groups.

Categorical variables.

Pilot questions 3.4

Consistency of a measurement tool.

Accuracy of a measurement tool.

Likert, Thurstone, and-Guttman scales.

Likert scale.

Measuring community satisfaction or housing preferences.

References and Attributions [Series 3]
Core References

o Kothari, C. R. (2004). Research Methodology: Methods and Techniques. New Delhi:
New Age International.

e Levin,R. I, & Rubin, D. S. (1998). Statistics for Management. New Delhi: Pearson
Education.

e Guijarati, D. N. (2009). Basic Econometrics. New York: McGraw-Hill.

o Babbie, E. (2010). The Practice of Social Research. Belmont: Wadsworth.

e United Nations Centre for Regional Development (UNCRD). (2001). Urban Transport
and Planning. Nagoya: UNCRD.

Hlustration Placeholders and Attributions

e Box 3.1: Role of Statistics in Planning — Al-generated placeholder. Prompt: “Create a
text box summarising how statistics supports evidence-based planning decisions.”

-
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Figure 3.1: Importance of Statistics in Planning — Al-generated placeholder. Prompt:
“Create a diagram showing how statistics supports summarisation, pattern identification,
and hypothesis testing in planning.”

Plate 3.1: Limitations of Statistics in Planning — Al-generated placeholder. Prompt:
“Generate an image showing a planner balancing statistical data with qualitative
insights.”

Box 3.2: Role of Descriptive Statistics in Planning — Al-generated placeholder. Prompt:
“Create a text box summarising how descriptive statistics help planners interpret large
datasets.”

Figure 3.2: Measures of Central Tendency — Al-generated placeholder. Prompt: “Create
a diagram showing mean, median, and mode on a distribution curve.”

Figure 3.3: Measures of Dispersion — Al-generated placeholder. Prompt: “Create a
diagram showing range, variance, and standard deviation in a dataset.”

Plate 3.2: Data Presentation in Planning — Al-generated placeholder. Prompt: “Generate
an image showing a planner presenting data using charts and graphs in aimeeting.”
Box 3.3: Role of Inferential Statistics in Planning — Al-generated placeholder. Prompt:
“Create a text box summarising how inferential statistics-help planners generalise
findings and test hypotheses.”

Figure 3.4: Sampling Methods — Al-generated placeholder. Prompt: “Create a diagram
showing random, stratified, and cluster sampling methods.”

Figure 3.5: Hypothesis Testing Process — Al-generated placeholder. Prompt: “Create a
flowchart showing steps in hypothesis testing: state hypotheses, select test, collect data,
make decision.”

Plate 3.3: Statistical Tests in Planning Research — Al-generated placeholder. Prompt:
“Generate an image showing a planner applying t-test, chi-square, and ANOVA to
community survey data.”

Box 3.4: Role of Measurement Techniques.in Planning — Al-generated placeholder.
Prompt: “Create a text box'summarising how measurement techniques support reliable
and valid data collection in planning research.”

Figure 3.6: Reliability vs Validity — Al-generated placeholder. Prompt: “Create a diagram
showing the difference between reliability and validity in measurement.”

Table 3.1: Common Scaling Techniques — Al-generated placeholder. Prompt: “Create a
table showing Likert, Thurstone, and Guttman scales with descriptions and examples.”
Plate 3.4: Application of Measurement in Planning Surveys — Al-generated placeholder.
Prompt: “Generate an image showing a planner conducting a community survey using
scaling techniques.”

Course Code: URP 309

Course Title: Quantitative Techniques and Methods in Planning

Course Units: 2 Units

Series 1: Population Estimation and Forecasting Techniques in Planning
Series 2: Introduction to Quantitative Methods and Analytical Tools
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Series 3: Statistical Analysis and Measurement Techniques in Planning
Series 4: Hypothesis Testing and Mathematical Models in Urban Planning
Series 5: Simulation Models and Applied Quantitative Methods in Spatial Decision-Making

Here is the proposed outline for Series 4:

Part 4.1 Fundamentals of Hypothesis Testing in Planning

o Definition and purpose of hypothesis testing
e Null and alternative hypotheses
o Levels of significance and types of errors (Type | and Type II)

Part 4.2 Statistical Tests for Urban Planning Applications

o Parametric tests (t-test, ANOVA, regression-based tests)
¢ Non-parametric tests (chi-square, Mann-Whitney, Kruskal-Wallis)
e Applications of statistical tests in planning surveys and spatial analysis

Part 4.3 Introduction to Mathematical Models in Urban Planning

o Definition and role of mathematical models in planning
e Types of models (deterministic, probabilistic, simulation models)
o Strengths and limitations of mathematical modelling in planning practice

Part 4.4 Applications of Mathematical Models in Urban and Regional Planning

e Land use models (LLowry model, gravity model)
e Transport models (trip generation, trip distribution, modal split, assignment models)
o Policy evaluation and scenario analysis using models

Introduction

Urban and regional planning relies on both statistical reasoning and mathematical modelling to
evaluate policies, forecast outcomes, and design sustainable systems. Hypothesis testing
provides planners with a structured way to validate assumptions about populations and spatial
phenomena, while mathematical models offer frameworks for simulating land use, transport
flows, and policy impacts.

This Series begins with the fundamentals of hypothesis testing, covering definitions, null and
alternative hypotheses, significance levels, and types of errors. It then explores statistical tests
for urban planning applications, including parametric and non-parametric approaches. The
third Part introduces mathematical models in planning, explaining their role, types, and
limitations. Finally, the Series concludes with applications of mathematical models, focusing
on land use, transport, and policy evaluation.

-
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The aim of this Series is to equip learners with the ability to apply hypothesis testing and
mathematical modelling techniques to real-world planning problems, ensuring that decisions are
both evidence-based and analytically sound.

Series Learning Outcomes (SLOs)
By the end of this Series, you should be able to:

e SLO 4.1 define and explain the purpose of hypothesis testing in planning, including null
and alternative hypotheses, significance levels, and errors.

e SLO 4.2 apply appropriate statistical tests (parametric and non-parametric) to urban
planning data.

e SLO 4.3 describe the role, types, strengths, and limitations of mathematical models in
planning.

e SLO 4.4 evaluate applications of mathematical models in land use, transport, and policy
analysis.

4.1 Fundamentals of Hypothesis Testing in Planning

Hypothesis testing provides planners with a systematic way to evaluate assumptions about
populations, behaviours, or spatial phenomena. It helps determine whether observed data
supports or contradicts a proposed statement, ensuring that planning decisions are evidence-
based.

Fill in the blank: Hypothesis testing provides planners with a systematic way to evaluate
about populations or behaviours.

Function Planning Mechanism Strategic Value
Validation of Testing the "Null Hypothesis" Risk Mitigation: Prevents the
Assumptions ($H_0$) that a policy has no rollout of expensive, ineffective
effect against an "Alternative programs by testing them on a pilot
Hypothesis" ($H_a$). scale first.
Evidence-Based Using $p$-values to determine Political Credibility: Provides a
Justification if observed changes (e.qg., defensible, objective rationale for
increased foot traffic) are controversial decisions at public
statistically significant. hearings or funding bids.

-
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Causal Analysis Determining if a specific Resource Efficiency: Ensures
variable (like a new park) is the that public funds are directed
actual driver of a result (like toward the most influential "levers"”
improved public health). of urban change.
Comparative Evaluating the performance of Optimization: Allows forthe
Testing two different planning models continuous refinement of design
(e.g., Grid vs. Cul-de-sac) to standards based on measurable
see which is superior. performance data.

Box 4.1: Role of Hypothesis Testing in-Planning
Short description: Text box summarising how hypothesis/testing validates assumptions and
supports evidence-based planning.

4.1.1 Definition and purpose of hypothesis testing

A hypothesis is a statement about a population parameter that can be tested using sample
data. The purpose of hypothesis testing is to assess whether the evidence supports the
statement or whether it should be rejected. In planning, hypotheses might concern housing
demand, transport preferences, or land use patterns.

Fill in the blank: A hypothesis is a statement about a parameter that can be tested
using sample data.

4.1.2 Null and alternative hypotheses

e Null hypothesis (Hop): Assumes no effect or no difference.
o Alternative hypothesis (H;): Assumes there is an effect or difference.

For example; a null hypothesis might state that income level has no effect on housing choice,
while the alternative hypothesis suggests that income level does influence housing choice.

Fillin the blank: The null hypothesis assumes no or no difference.

-
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Figure 4.1: Null vs Alternative Hypotesies

— Framing Planning Questions for Data Analysis —
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Null Hypotesis (H)

®

Statement of no effect or no difference.

y 5 Assumed true until evidence suggests
Null & Alternative Hypotesies: Two Example: "The new public transit linas pat no
competing statments about a traffic congestion."
parameter.
The Null Hypotesis (H,) states
Has (Ho) state is is no effect or no _—
difference, while Alternative Planning Decision
Alternative) states is an effects on ————
effect or a difference.
Planning decisions aimeto find Alternatsie (Ha)
evidence to idence to reject Hy) in
favor Ha. @

Statement of an effect or a difference.
What the planner fnevidence for.
Example: "The new hopes find reduces to
traffic congestion.
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Figure 4.1: Null vs Alternative Hypotheses
Short description: Diagram showing the difference between null and alternative hypotheses with
planning examples.

4.1.3 Levels of significance and types of errors (Type | and Type Il)

o Level of significance (a): The probability of rejecting the null hypothesis when it is true.
Commonly set at 0.05.

o Type |l error: Rejecting a true null hypothesis (false positive).

o Type Il error: Failing to reject a false null hypothesis (false negative).

-
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In planning, a Type | error might lead to wrongly concluding that a new transport policy affects
commuter behaviour, while a Type Il error might overlook a real effect.

Fill in the blank: A Type | error occurs when a true hypothesis is rejected.

Z) S
Plate 4.1: Errors in Hypothesis Testing

— Exerlising Caution in Data Analysis —

Il Concept
Il Data

Miniimizz Errors for Reliable Planning Outcomes

Monday, February 9, 2026, 2:52:15 PM WAT =
A i

Plate 4.1: Errors in Hypothesis Testing
Short description: Image showing a planner evaluating data with caution to avoid Type | and
Type Il errors.

Pilot questions 4.1

1. What is the purpose of hypothesis testing?
2. What does the null hypothesis assume?

\” ‘J
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3. What does the alternative hypothesis assume?
4. What is the level of significance commonly set at?
5. Distinguish between Type | and Type Il errors.

4.2 Statistical Tests for Urban Planning Applications

Statistical tests provide planners with tools to evaluate differences, relationships, and patterns in
urban data. They help determine whether observed variations are significant or due to chance,
guiding evidence-based policy and planning decisions.

Fill in the blank: Statistical tests help planners determine whether observed variations are
or due to chance.

Test Type Planning Function Real-World Application
Chi-Square Testing for Zoning Impact: Determining if there is a
Test relationships between significant relationship between different zoning
categorical variables. types (Residential/Commercial) and the

frequency of reported noise complaints.

T-Test/ Comparing the "Mean" Equity Analysis: Comparing the average
ANOVA values between two or distance to public parks across different socio-

more groups. economic neighborhoods to identify service

gaps.
Correlation Measuring the Walkability: Analyzing the strength of the link
($r3) strength and direction between "sidewalk width" and "pedestrian foot
of a relationship traffic.”
between two
variables.

Regression Predicting the value of Demand Forecasting: Estimating future water
(3R"29%) one variable based on consumption based on projected population
others. growth and historical usage rates.

Box 4.2: Role of Statistical Tests in Planning

-
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Short description: Text box summarising how statistical tests support evidence-based decisions
in urban planning.

4.2.1 Parametric tests (t-test, ANOVA, regression-based tests)

Parametric tests assume that data follows a normal distribution and are widely used in planning
research.

o t-test: Compares means between two groups (e.g., average income in two
neighbourhoods).

e ANOVA (Analysis of Variance): Compares means across multiple groups (e.g.,
housing demand across three districts).

¢ Regression-based tests: Examine relationships between dependent and independent
variables (e.g., income level and housing choice).

Fill in the blank: A t-test compares between two.groups.

-
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Figure 4.2: Parametic Tests in Planning 3
— Analying Quantitative Data for Urban Insights —
2. Key Applications
{ N
T-Test
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B concept M Data 5 \
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Example: Predict housing prices base/
based distance to transit
\ J
Leveraging Statistical Power for Evidence-Based Urban Planning g
fr-
]
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Figure 4.2: Parametric Tests in Planning
Short description: Diagram showing t-test, ANOVA, and regression applications in planning.

4.2.2 Non-parametric tests (chi-square, Mann-Whitney, Kruskal-Wallis)

Non-parametric tests do not assume a normal distribution and are useful for categorical or
ordinal data.
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o Chi-square test: Examines relationships between categorical variables (e.g., transport
mode choice by gender).

¢ Mann-Whitney test: Compares differences between two independent groups when data
is not normally distributed.

o Kruskal-Wallis test: Compares differences across multiple groups using ranked data:

Fill in the blank: The chi-square test examines relationships between variables.

& 0

Figure 4.3: Non-Parametic Tests in Planning
— Analying Non-Normal Data for Urban Insights —

g\
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Exploring Data Flexibility for Evidence-Based Urban Planning
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Figure 4.3: Non-Parametric Tests in Planning
Short description: Diagram showing chi-square, Mann-Whitney, and Kruskal-Wallis tests with
planning examples.
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4.2.3 Applications of statistical tests in planning surveys and spatial
analysis

Statistical tests are applied in planning to analyse survey data, evaluate policy impacts, and
study spatial relationships. For example, chi-square tests can assess whether transport
preferences differ across age groups, while regression can predict housing demand based on
income levels.

Fill in the blank: Statistical tests are applied in planning to analyse survey data and study
relationships.

J) &

Plate 4.2: Application of Statistical Tests in Planning
— Analying Survey & Spatial Data for Insights —

T il

e dudee

o
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Plate 4.2: Application of Statistical Tests in Planning
Short description: Image showing a planner using statistical tests to analyse survey and spatial
data.
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Pilot questions 4.2

What assumption do parametric tests make about data?

Name two parametric tests used in planning research.

What type of variables does the chi-square test examine?

Name two non-parametric tests besides chi-square.

Give one example of how statistical tests are applied in planning surveys.

aronN=

4.3 Introduction to Mathematical Models in Urban
Planning

Mathematical models provide planners with structured frameworks to simulate, analyse, and
predict urban systems. They translate complex social, economic, and spatialinteractions into

equations or algorithms, enabling planners to test scenarios and.evaluate policy impacts before
implementation.

Fill in the blank: Mathematical models translate complex social, economic, and spatial
interactions into or algorithms.

Model Type Primary Function Planning Application
Simulation Replicating the behavior Flood Modeling: Predicting how a 1-
Models of urban systems over in-100-year storm will impact different
time. zoning configurations and drainage
networks.
Predictive Models Using historical data to Population Projections: Estimating
forecast future states. future school enrollment based on
current birth rates, migration patterns,
and aging.
Optimisation Finding the "best" Service Siting: Determining the
Models solution given specific optimal locations for emergency
constraints. services to ensure the fastest response
times across a region.

-
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Land-Use Modeling the feedback Urban Growth Boundaries:

Transport loop between where Simulating how restricting sprawl in
Interaction (LUTI) people live and how they one area might increase density and
move. transit demand in another.

Box 4.3: Role of Mathematical Models in Planning
Short description: Text box summarising how mathematical models help planners simulate and
predict urban systems.

4.3.1 Definition and role of mathematical models in planning

A mathematical model is a representation of a real-world system using mathematical
expressions. In planning, models are used to forecast population growth, simulate transport
flows, and evaluate land use changes. They help planners understand potential outcomes of
policies and interventions.

Fill in the blank: A mathematical model is a representation of a real-world system using
expressions.

4.3.2 Types of models (deterministic, probabilistic, simulation models)

o Deterministic models: Provide exact outcomes given specific inputs (e.g., gravity
model for trip distribution).

e Probabilistic models: Incorporate uncertainty and provide outcomes based on
probability distributions (e.g., predicting migration flows).

o Simulation models: Use computational techniques to replicate complex systems over
time (e.g., agent-based models for urban growth).

Fill in the blank: Deterministic models provide outcomes given specific inputs.

-
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Figure 4.4: Types an Mathematical Models

— Framing Planning Questions for Data Analysis —
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Figure 4.4: Types of Mathematical Models
Short description: Diagram showing deterministic, probabilistic, and simulation models with
planning examples.

4.3.3 Strengths and limitations of mathematical modelling in planning
practice

Strengths:
e Provide structured frameworks for analysis.

-
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e Allow scenario testing before implementation.
e Help forecast long-term impacts of policies.

Limitations:
e Depend on accurate data and assumptions.
o May oversimplify complex social realities.

e Require technical expertise and computational resources.

Fill in the blank: One limitation of mathematical models is that they may complex
social realities.

Plate 4.3: Strengths and Limitations of Mathematical Models —
Weighing Benefits & Constraints in Urban Planning —

* Predictive Power
* Optimization|
* Spd n‘vaﬁmrj

« Scenario Tes\l

Balancing Analytcal Power with Real-World Nuance

Concept Data

Plate 4.3: Strengths and Limitations of Mathematical Models
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Short description: Image showing a planner weighing benefits and limitations of mathematical
modelling.

Pilot questions 4.3

What is a mathematical model in planning?

Name two applications of mathematical models in planning.
What type of outcomes do deterministic models provide?

What is the main feature of probabilistic models?

Give one limitation of mathematical models in planning practice.

o=

4.4 Applications of Mathematical Models in‘Urban and
Regional Planning
Mathematical models are applied in planning to simulate land.use, transport systems, and policy

impacts. They allow planners to test scenarios, evaluate alternatives, and forecast future
developments, ensuring that decisions are based on systematicanalysis rather than guesswork.

Fill in the blank: Mathematical models allow planners to test , evaluate alternatives,
and forecast future developments.

Application Primary Model Practical Use Case
Area Type
Land Use Cellular Predicting the "edge" of urban sprawl and
Automata/ identifying which agricultural lands are at the
SLEUTH highest risk of development.
Transport Gravity & Calculating the "Level of Service" (LoS) for roads
Network Models and determining where to place new bus rapid

transit (BRT) lanes.

Policy Input-Output (I- Estimating the "Economic Multiplier" effect—how
Evaluation O) Models many local jobs are created for every $1 million
spent on a new regional stadium.

-
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Environmental Dispersion & Mapping floodplains to set "no-build" zones and
Hydraulic simulating how air pollution travels from industrial
Models parks to residential areas.

Box 4.4: Applications of Mathematical Models in Planning
Short description: Text box summarising how mathematical models are applied to land use,
transport, and policy evaluation.

4.4.1 Land use models (Lowry model, gravity model)

e Lowry model: Explains how employment and residential locations interact to shape
urban structure.

o Gravity model: Predicts interactions between locations based on size and distance,
similar to Newton’s law of gravity.

In planning, these models help forecast urban growth, evaluate zoning policies, and understand
spatial distribution of activities.

Fill in the blank: The gravity model predicts interactions between locations based on
and distance.

-
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Figure 4.5: Land Use Models
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Figure 4.5: Land Use Models

Short description: Diagram showing Lowry and gravity models applied to urban land use.

4.4.2 Transport models (trip generation, trip distribution, modal split,
assignment models)

Transport models simulate how people move within urban areas.

o Trip generation: Estimates number of trips originating in or destined for an area.
o Trip distribution: Predicts where trips will go.
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e Modal split: Determines choice of transport mode (car, bus, train).
o Assignment models: Allocate trips to specific routes in the network.

Fill in the blank: Modal split determines choice of mode such as car, bus, or train.

Figure 4.6: Transport Models in Planning
— Analying Urban Mobility for Strategic Infrastrcture —
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Figure 4.6: Transport Models in Planning
Short description: Diagram showing trip generation, distribution, modal split, and assignment
models.

4.4.3 Policy evaluation and scenario analysis using models

Mathematical models are used to evaluate policy impacts and test scenarios before
implementation. For example, planners can simulate the effect of new housing policies,
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transport infrastructure, or environmental regulations. Scenario analysis helps compare
alternatives and select the most sustainable option.

Fill in the blank: Scenario analysis helps planners compare and select the most
sustainable option.

Plate 4.4: Policy Evaluation Using Models
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Plate 4.4: Policy Evaluation Using Models
Short description: Image showing a planner using mathematical models to evaluate policy
scenarios.

Pilot questions 4.4

1. What does the Lowry model explain in urban planning?
2. What does the gravity model predict?
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3. Name the four stages of transport modelling.
4. What does modal split determine?
5. Why is scenario analysis important in planning?

Series Summary

This Series explored the integration of hypothesis testing and mathematical modelling in-urban
and regional planning. It began with the fundamentals of hypothesis testing, explaining the
purpose, null and alternative hypotheses, levels of significance, and the risks of Type I'and Type
Il errors. These concepts provide planners with a structured way to validate assumptions about
populations and spatial phenomena.

The second Part examined statistical tests for urban planning applications, distinguishing
between parametric tests (t-test, ANOVA, regression) and non-parametric tests (chi-square,
Mann-Whitney, Kruskal-Wallis). Practical applications were highlighted, such as analysing
survey data, evaluating policy impacts, and studying spatial relationships.

The third Part introduced mathematical models in planning, defining their role, types
(deterministic, probabilistic, simulation), and strengths and limitations. Models provide planners
with frameworks to simulate complex systems, forecast outcomes, and test scenarios before
implementation.

Finally, the Series concluded with applications of mathematical models in urban and
regional planning, focusing on land use models (Lowry, gravity), transport models (trip
generation, distribution, modal split, assignment), and policy evaluation through scenario
analysis. These applications demonstrate how models guide evidence-based planning and
sustainable decision-making.

Together, hypothesis testing and mathematical modelling equip planners with powerful
analytical tools to evaluate assumptions; test policies, and simulate urban systems.

Glossary of Terms

e Hypothesis testing: Statistical process of evaluating assumptions about population

parameters.

Null hypothesis (Hp): Assumes no effect or difference.

Alternative hypothesis (H,): Assumes there is an effect or difference.

Level of significance (a): Probability threshold for rejecting the null hypothesis.

Type. |l error: Rejecting a true null hypothesis (false positive).

Type ll error: Failing to reject a false null hypothesis (false negative).

Parametric tests: Statistical tests assuming normal distribution (e.g., t-test, ANOVA,

regression).

e . Non-parametric tests: Statistical tests not requiring normal distribution (e.g., chi-
square, Mann-Whitney).

o  Mathematical model: Representation of a real-world system using mathematical
expressions.

o Deterministic model: Provides exact outcomes given specific inputs.

* Probabilistic model: Incorporates uncertainty and probability distributions.

o Simulation model: Computational replication of complex systems over time.

Lowry model: Land use model explaining employment and residential interactions.
Gravity model: Predicts interactions between locations based on size and distance.
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e Transport models: Frameworks for simulating trip generation, distribution, modal split,
and assignment.

e Scenario analysis: Testing alternative policy options to select the most sustainable
outcome.

Concept Check Questions 4
Objective questions

1. Hypothesis testing provides planners with a systematic way to evaluate
about populations or behaviours. (Linked to SLO 4.1)

2. The null hypothesis assumes no or no difference. (Linked to SLO 4.1)

3. A Type | error occurs when a true hypothesis is rejected. (Linked to/SLO
4.1)

4. A t-test compares between two groups. (Linked to SLO 4.2)

5. The chi-square test examines relationships between variables. (Linked to
SLO 4.2)

6. Deterministic models provide outcomes given specific.inputs. (Linked to
SLO 4.3)

7. The gravity model predicts interactions between locations based on and
distance. (Linked to SLO 4.4)

8. Modal split determines choice of mode such as car, bus, or train. (Linked to
SLO 4.4)

Short-answer questions

9. Define hypothesis testing and explain its purpose in planning. (Linked to SLO 4.1)
10. What are the two types of hypotheses in hypothesis testing? (Linked to SLO 4.1)
11. Distinguish between Type | 'and Type |l errors. (Linked to SLO 4.1)

12. Name two parametric tests used in planning research. (Linked to SLO 4.2)

13. Name two non-parametric tests besides chi-square. (Linked to SLO 4.2)

14. What is a mathematical model in planning? (Linked to SLO 4.3)

15. Name three types of mathematical models. (Linked to SLO 4.3)

16. What does the Lowry model explain in urban planning? (Linked to SLO 4.4)

17. Name the four stages of transport modelling. (Linked to SLO 4.4)

Long-answer questions

18. Explain the fundamentals of hypothesis testing, including null and alternative
hypotheses, levels of significance, and errors. (Linked to SLO 4.1)
o Basic response: Learners should define hypothesis testing and explain its purpose,
hypotheses, and errors.
e Value-added response: Outstanding learners may provide planning examples, such as
testing transport policy impacts.
19. Analyse the role of parametric and non-parametric statistical tests in planning research.
(Linked to SLO 4.2)
o Basic response: Learners should describe t-test, ANOVA, chi-square, and other tests.
o Value-added response: Outstanding learners may provide examples of applying these
tests to housing demand or transport surveys.
20. Describe the role, types, strengths, and limitations of mathematical models in planning.
(Linked to SLO 4.3)

rp
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 Basic response: Learners should define models and explain deterministic, probabilistic,
and simulation types.
o Value-added response: Outstanding learners may discuss challenges such as
oversimplification and data dependency.
21. Evaluate applications of mathematical models in land use, transport, and policy analysis.
(Linked to SLO 4.4)
e Basic response: Learners should explain Lowry, gravity, and transport models.
e Value-added response: Outstanding learners may discuss scenario analysis.and policy
evaluation examples.

Answers to Pilot Questions [Series 4]
Pilot questions 4.1

To evaluate assumptions about populations or behaviours using sample data.

No effect or no difference.

There is an effect or difference.

Commonly set at 0.05.

Type | error: rejecting a true null hypothesis; Type |l error: failing to reject a false null
hypothesis.

Pilot questions 4.2

That data follows a normal distribution.

t-test and ANOVA.

Categorical variables.

Mann-Whitney and Kruskal-Wallis tests.

Analysing transport preferences across age groups.

Pilot questions 4.3

A representation of a real-world system using mathematical expressions.
Forecasting population growth and simulating transport flows.

Exact outcomes.

They incorporate uncertainty and probability distributions.

They may oversimplify complex social realities.

Pilot questions 4.4

How employment and residential locations interact to shape urban structure.
Interactions between locations based on size and distance.

Trip generation, trip distribution, modal split, and assignment.

Choice of transport mode.

It helps compare alternatives and select the most sustainable option.

References and Attributions [Series 4]
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lllustration Placeholders and Attributions

e Box 4.1: Role of Hypothesis Testing in Planning — Al-generated placeholder. Prompt:
“Create a text box summarising how hypothesis testing validates assumptions and
supports evidence-based planning.”

o Figure 4.1: Null vs Alternative Hypotheses — Al-generated placeholder. Prompt: “Create
a diagram showing the difference between null and alternative hypotheses with planning
examples.”

e Plate 4.1: Errors in Hypothesis Testing — Al-generated placeholder. Prompt: “Generate
an image showing a planner evaluating data with cautionto avoid Type | and Type II
errors.”

e Box 4.2: Role of Statistical Tests in Planning/— Al-generated placeholder. Prompt:
“Create a text box summarising how statistical tests support evidence-based decisions in
urban planning.”

e Figure 4.2: Parametric Tests in Planning — Al-generated placeholder. Prompt: “Create a
diagram showing t-test, ANOVA, and regression applications in planning.”

e Figure 4.3: Non-Parametric Tests in Planning — Al-generated placeholder. Prompt:
“Create a diagram showing chi-square, Mann-Whitney, and Kruskal-Wallis tests with
planning examples.”

o Plate 4.2: Application of Statistical Tests.in Planning — Al-generated placeholder.
Prompt: “Generate an image showing a planner using statistical tests to analyse survey
and spatial data.”

e Box 4.3: Role of Mathematical Models in Planning — Al-generated placeholder. Prompt:
“Create a text box summarising how mathematical models help planners simulate and
predict urban systems.”

o Figure 4.4: Types of Mathematical Models — Al-generated placeholder. Prompt: “Create
a diagram showing deterministic, probabilistic, and simulation models with planning
examples.”

e _Plate 4.3: Strengths and Limitations of Mathematical Models — Al-generated placeholder.
Prompt: “Generate an image showing a planner weighing benefits and limitations of
mathematical modelling.”

e Box 4.4: Applications of Mathematical Models in Planning — Al-generated placeholder.
Prompt: “Create a text box summarising how mathematical models are applied to land
use, transport, and policy evaluation.”

e Figure 4.5: Land Use Models — Al-generated placeholder. Prompt: “Create a diagram
showing Lowry and gravity models applied to urban land use.”

e Figure 4.6: Transport Models in Planning — Al-generated placeholder. Prompt: “Create a
diagram showing trip generation, distribution, modal split, and assignment models.”

o Plate 4.4: Policy Evaluation Using Models — Al-generated placeholder. Prompt:
“Generate an image showing a planner using mathematical models to evaluate policy
scenarios.”
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Course Code: URP 309
Course Title: Quantitative Techniques and Methods in Planning

Course Units: 2 Units

Series 1: Population Estimation and Forecasting Techniques in Planning

Series 2: Introduction to Quantitative Methods and Analytical Tools

Series 3: Statistical Analysis and Measurement Techniques in Planning

Series 4: Hypothesis Testing and Mathematical Models in Urban Planning

Series 5: Simulation Models and Applied Quantitative Methods in Spatial Decision-Making

Here is the proposed outline for Series 5:

5.1 Fundamentals of Simulation in Planning
o Definition and purpose of simulation models

e Types of simulation approaches (deterministic, stochastic, agent-based)
¢ Role of simulation in spatial decision-making

Part 5.2 Simulation Models in Urban and Regional Planning
e Land use simulation models (cellular automata, integrated land use-transport models)

e Transport simulation models (traffic flow, network assignment, microsimulation)
e Environmental and resource simulation models (water, energy, pollution control)

Part 5.3 Applied Quantitative Methods for Spatial Decision-Making
o _Multi-criteria decision analysis (MCDA)

o | Cost-benefit and impact analysis
e Spatial optimisation techniques (location-allocation, accessibility analysis)

Part 5.4 Case Studies and Applications of Simulation in Planning Practice
e | Urban growth simulation case study

e Transport policy evaluation case study
o Environmental sustainability modelling case study

Introduction

rp
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Urban and regional planning often deals with complex systems where multiple variables interact
dynamically over time. Traditional statistical methods may not fully capture these complexities,
which is why simulation models and applied quantitative methods are essential. Simulation
allows planners to replicate real-world processes in controlled environments, test scenarios, and
forecast outcomes. Applied quantitative methods, such as multi-criteria decision analysis and
spatial optimisation, provide structured approaches to evaluate alternatives and make informed
spatial decisions.

This Series begins with the fundamentals of simulation in planning, explaining definitions,
types, and their role in spatial decision-making. It then explores simulation models in urban
and regional planning, including land use, transport, and environmental applications. The third
Part introduces applied quantitative methods for spatial decision-making, such as multi-
criteria analysis, cost-benefit evaluation, and optimisation techniques. Finally, the Series
concludes with case studies and applications, demonstrating how simulation and quantitative
methods are used in practice to address urban growth, transport policy, and environmental
sustainability.

The aim of this Series is to equip learners with the ability to apply simulation and quantitative
methods to real-world planning problems, enhancing their capacity for evidence-based and
scenario-driven decision-making.

Series Learning Outcomes (SLOs)
By the end of this Series, you should be able to:

e SLO 5.1 define simulation models and explain their role in spatial decision-making.

e SLO 5.2 describe and apply different types of simulation models in land use, transport,
and environmental planning.

e SLO 5.3 evaluate applied quantitative methods such as multi-criteria decision analysis,
cost-benefit analysis,-and spatial optimisation.

e SLO 5.4 analyse case studies demonstrating the use of simulation and quantitative
methods in_planning practice.

5.1 Fundamentals of Simulation in Planning

Simulation provides planners with a way to replicate real-world processes in controlled
environments. It allows them to test scenarios, forecast outcomes, and evaluate the impacts of
policies before implementation. By modelling complex interactions among social, economic, and
spatial variables, simulation enhances the quality of spatial decision-making.

Fill.in.the blank: Simulation allows planners to test , forecast outcomes, and
evaluate policy impacts before implementation.

rp
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Function Planning Application Strategic Value
Process Mimicking the daily flow of Systems Understanding: Reveals
Replication traffic or the seasonal how complex urban elements interact
movement of groundwater. and where "bottlenecks" or system
failures might occur.
Scenario Running "What-If" Risk Reduction: Allows for safe, low-
Testing experiments (e.g., "What if we cost experimentation with
double the density of the controversial or. expensive policies
downtown core?"). without real-world consequences.
Outcome Predicting long-term urban Proactive Governance: Shifts
Forecasting sprawl, heat island effects, or planning from a reactive "fix-it"
economic shifts over 20-50 approach to a proactive "future-
years. proofing" strategy.
Stakeholder Translating abstract Transparency: Helps non-technical
Visualization mathematical models.into citizens and officials "see" the impact

visual, 3D representations.

of a plan, building consensus through
clear evidence.

Box 5.1: Role of Simulation in Planning
Short description: Text box summarising how simulation helps planners replicate processes,
test scenarios, and forecast outcomes.

5.1.1 Definition and purpose of simulation models

A simulation model is a mathematical or computational representation of a real-world system
that evolves over time. In planning, simulation models are used to study urban growth, transport
flows, and environmental impacts. Their purpose is to provide planners with insights into
possible futures under different scenarios.

Fill in the blank: A simulation model is a mathematical or computational representation of a
system that evolves over time.

-
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5.1.2 Types of simulation approaches (deterministic, stochastic, agent-
based)

o Deterministic simulation: Produces the same outcome given the same inputs (e.g.,
traffic flow models).

o Stochastic simulation: Incorporates randomness and probability (e.g., migration or
demand forecasting).

o Agent-based simulation: Models individual agents (households, commuters)and their
interactions to simulate complex systems.

Fill in the blank: Agent-based simulation models individual and their interactions to
simulate complex systems.

%&Ze G%
Figure 5.1

(O
° Ld
Types of Simulation Approaches -
- Modeling Complex Urban Systems -
2. Key Approaches
@ Determintic Simulation
1. Core Concept - - -
> Predicts a single, fixed outcome base of inputs.
Example: Calculating future transit ridership with
@ fixed growth rates.
Simulation Approaches: - %
Methods for imitating f oL e 5 )
real-world processes over time @ Stochoic Simulation
time to analyze behavior and Incorprates randonmess; predicts a range of
and evaluate strategies in a range of possible outcomes. Example:
urban planning. Example: Modeling flow variable congestion and
accident rates.
&8 Agent-Based Simulation
—> Models individual agents (people, cars) antir
intractions: Simulating mohavion in a new
public park.
9
Monday, February 9, 2026, 3:04:16 PM WAT %
2 /oW

Figure 5.1: Types of Simulation Approaches
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Short description: Diagram showing deterministic, stochastic, and agent-based simulation
approaches with planning examples.

5.1.3 Role of simulation in spatial decision-making
Simulation supports spatial decision-making by:

¢ Allowing planners to test alternative scenarios.
e Forecasting long-term impacts of policies.

o Identifying unintended consequences before implementation.

e Enhancing stakeholder engagement through visualisation of outcomes.

Fill in the blank: Simulation enhances stakeholder engagement through of
outcomes.

-
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Plate 5.1: Simulation in Spatial Decision-fanars for Informed Planning —

Concept Data
Monday, February 9, 2026, 3.0508 PM WAT

Plate 5.1: Simulation in Spatial Decision-Making
Short description: Image showing a planner using simulation software to visualise urban growth
scenarios.

Pilot questions 5.1

1.. What is a simulation model in planning?

2. Name three types of simulation approaches.

3. What type of simulation incorporates randomness and probability?
4. What does agent-based simulation model?

5. Give one role of simulation in spatial decision-making.
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5.2 Simulation Models in Urban and Regional Planning

Simulation models are widely applied in planning to replicate and forecast land use, transport,
and environmental systems. They allow planners to explore how cities evolve, how people
move, and how resources are consumed under different scenarios.

Fill in the blank: Simulation models allow planners to replicate and forecast
systems in urban and regional planning.

Application Area Simulation Real-World Planning Impact
Technique
Land Use & Cellular Automata Simulates "organic" urban growth patterns
Growth (CA) to determine where the next 20 years of
housing should be located to prevent
sprawl.
Transport Multi-Agent Models the unique travel decisions of
Systems Simulation thousands of "digital citizens" to optimize
(MATSim) public transit schedules and reduce peak-
hour congestion.
Environmental Computational Fluid Replicates wind patterns and heat
Systems Dynamics (CFD) dispersion to design "cool corridors" and
prevent the Urban Heat Island effect in high-
density areas.
Disaster Hydraulic & Simulates flood surges or wildfire spreads to
Management Evacuation define "Red Zones" and test the efficiency of
Modeling emergency exit routes.

Box 5.2: Applications of Simulation Models in Planning
Short description: Text box summarising how simulation models are applied to land use,
transport, and environmental systems.

-
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5.2.1 Land use simulation models (cellular automata, integrated land use-

transport models)

o Cellular automata models: Represent urban space as a grid of cells, each evolving
based on rules (e.g., urban expansion).
¢ Integrated land use-transport models: Link land use changes with transport demand,
showing how accessibility influences development.

Fill in the blank: Cellular automata models represent urban space as a

evolving based on rules.

1. Core Concept

9

Land Use Modeiels: Simplified
Computer-based co that imitatete
processes to predict future

future spatial arangements, aiding
urigues aidng in urban planning
decisions.

e

Figure 5.2

Figure 5.2: Land Use Simulation Models
- Modeling Complex Urban Systemcs -

2. Key Models

-~

A5
oo

Cellular Motata

Essimted spacial model Computer thas om trips
cellisotid ering from onutls pedehe iuardes.
Example: Simulating urbam sores atwian planning
decisions.

oo

0o

Cellular Automataa

A grid-basde where where of she state cell (cell
(e.p, rura) me baed tulse:.applited based rules
Example: Sindenring neighboring cells.

Example: Simulating sprawl under of fferem different
fixed growting polices.

o

Integrated Land Use-Transport Models

Couples how Land use changes with transport
networks impacts travel demnand and-vicsa.
Example: Forecating funv e éctisw effectst variable
line on anem railway line on housing prices a new
communting patterns.

Monday, February 9, 2026, 3:08:42 PM WAT

Embrcacing Future Urban Landscapes for Sustainable Development

Figure 5.2: Land Use Simulation Models
Short description: Diagram showing cellular automata and integrated land use-transport models.

of cells
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5.2.2

Transport simulation models (traffic flow, network assignment,

microsimulation)

Traffic flow models: Simulate vehicle movement along roads.

Network assignment models: Allocate trips to routes based on demand.and capacity.
Microsimulation models: Represent individual vehicles or travellers to capture detailed
behaviour.

Fill in the blank: Microsimulation models represent individual or travellers.to
capture detailed behaviour.

-
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Figure 5.3: Transport Simulation Models
Q — Modeling Urban Mobility for Strategic Infrastrcture — Q

2. Key Models
1. Core Concept , & Traffic Flow Models

Simulates aggregate traffic movement.

;L Example: Predicling congeis fon on higwsgrmion'eagent
segment baskn average vehicle speeds.

Transport Models: Simplified:
Computer-based for iniiatng for

imitating real-world traffic
processes, used analyze and Traffic Flow Models

predict predict urban patterns Example: Prediclne trips changes trova thart travel
and BiiShuna Hhastruciire breteae; Lrisgemay slaradgiment baderan average

performance vehicle speeds.

Network Assingnnent Models
Example: Determiing trips aross travel c-usite beoirks

Example: Simulating sprawnl use of public transjors

joub centers

Microsimulation Models

Models individual vehicle movements a¢ anves mal
intraction: Simulating pedestconfficts hea new urban
growting design

Forecasting Future Travel Patterns for Sustainable Urban Planning

Concept  Data
Monday, February 9, 2026, 3:08:35 PM V*

Figure 5.3: Transport Simulation Models
Short description: Diagram showing traffic flow, network assignment, and microsimulation
models.

5:2.3 Environmental and resource simulation models (water, energy,
pollution control)

o Water resource models: Simulate supply, demand, and distribution of water in urban
areas.

o Energy models: Forecast energy consumption and evaluate renewable energy
integration.

o Pollution control models: Assess impacts of emissions and test mitigation strategies.
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Fill in the blank: Pollution control models assess impacts of and test mitigation
strategies.

Plate 5.2: Environmental Simulation Models — Analying Water, & Pollution Systems —

Cencept Data
Monday, February 9,2026, 3.0924 PM WAT

Plate 5.2: Environmental Simulation Models
Short description: Image showing a planner using simulation to evaluate water, energy, and
pollution systems.

Pilot questions 5.2

What do cellular automata models represent in land use simulation?
What do integrated land use-transport models link together?

Name two types of transport simulation models.

What do microsimulation models represent?

PO
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5. Give one example of an environmental simulation model.

5.3 Applied Quantitative Methods for Spatial Decision-

Making

Applied quantitative methods provide planners with structured tools to evaluate alternatives,
balance competing objectives, and make informed spatial decisions. These methods combine
mathematical analysis with policy evaluation to ensure that planning outcomes are efficient,
equitable, and sustainable.

Fill in the blank: Applied quantitative methods provide planners with structured tools to evaluate
and make informed spatial decisions.

Method

Primary Function

Strategic Planning Value

Multi-Criteria

Weighing multiple factors

Balanced Decisions: Provides a

pollution) in one area affects
its neighbors.

Evaluation (MCE) (e.g., environmental cost vs. transparent way to balance
economic gain) to rank competing interests (e.qg.,
project alternatives. "Developer Profit" vs. "Ecological
Preservation").
Cost-Benefit Comparing the total Economic Justification:
Analysis (CBA) expected cost of a project Determines the "Value for Money"
againstits total expected and helps prioritize projects for
benefits in monetary terms. limited public funding.
Spatial Measuring how much a Targeted Intervention: Helps
Autocorrelation phenomenon (like poverty or planners decide exactly where to

intervene to achieve the maximum
"spillover" effect for the region.

-
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Sensitivity Testing how "stable" a Risk Resilience: Ensures that a

Analysis decision is if one variable chosen plan remains viable even if
(like construction costs or future conditions are not exactly as
interest rates) changes. predicted.

Box 5.3: Role of Quantitative Methods in Spatial Decision-Making
Short description: Text box summarising how quantitative methods support evaluation of
alternatives and informed planning decisions.

5.3.1 Multi-criteria decision analysis (MCDA)

MCDA helps planners evaluate alternatives based on multiple criteria, such as cost,
accessibility, environmental impact, and social equity. It assignhs weights to.criteria and scores
alternatives to identify the most balanced option.

Fill in the blank: Multi-criteria decision analysis assigns to criteria and scores
alternatives to identify the best option.

-
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Figure 5.4: Multi-Crteria Decision Analysis in Planning
— Evaluating Alternatives with Weighted Criteria —

1. Core Concept 2. Process Overiew

Alternatives

* Cost (Weight: 0.4)
* Environnental Impact (0.2))
‘ Accessbility)

:= Alternative A: New Public Pardn
Sports Complex

Multi-Crteria Decision Analysis (MCDA): Q

A method for evaluating complex Evaluation Matrix

alternatives by weighting mufficting Cretrion | 03 | weight | ArA | sc

criteria to informa decision-making Cost 03 $SM(1) | $2M(4) M (0)

in planning Envionment| 04 | High4 | Med3) | Low1)
Community | 022 | Hight | Med3) | Low1)
 Access | Med | Med3) | Highd4) | Lowl)

(Numbers in (parne2ries) are scores)

|

e

14 Alt AScore: (0.3°1) + 0.4%4) +0.2"4) =0.113=3.0
Alt B Score: (0.346) +(0.2°3 3=12+16+6204=34
At CScore: (0.3*°0 1) + 0.4*1')=0+0.4.20.1)=0.7

@ Decision

Alternative B (Community Garden) has the highest score.

Making Informed Choices for Sustainable Urban Development - co;;:t
Monday, February 9, 2026, 3:10:52 PM WAT
Figure 5.4: Multi-Criteria Decision Analysis in Planning
Short description: Diagram showing how MCDA evaluates alternatives using weighted criteria.

5.3.2 Cost-benefit and impact analysis

o Cost-benefit analysis (CBA): Compares the monetary value of benefits and costs of a
project.

o Impact analysis: Assesses broader social, environmental, and economic impacts
beyond monetary measures.
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In planning, CBA might be used to evaluate a new transport project, while impact analysis could
assess its effects on community well-being and environmental sustainability.

Fill in the blank: Cost-benefit analysis compares the monetary value of and costs
of a project.

Figure 5.5: Cost-Benefit and Impact Analysis
— Evaluating Project Outcomes in Planning —

1. Core Concepts 2. Key Applications

Cost-Benefit Analysis (CBA)

‘N Compares total costs benefits ver

time.. Example: Evalutle: financial financial
afability of new public park, considering
conintenance, and proje(lected health/tourism

Multi-Crteria Decision Analysis (MCDA): benefits

Methods A method for evaluating social,
sociala effects & environeray eeficls
projects projects s to inform
decision-making

pt. m

Impact Analysis

Asseses a isssees broder social
environmental effects an a new highway oss
local air highway on lal air qwary on noisl air

levelty 2nd oomiwnits cocehision and propert
property values

Monday, February 9,2026, 3:11:47 PM WAT

Figure 5.5: Cost-Benefit and Impact Analysis
Shortdescription: Diagram showing how CBA and impact analysis evaluate projects in planning.
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5.3.3 Spatial optimisation techniques (location-allocation, accessibility
analysis)

¢ Location-allocation models: Identify optimal locations for facilities (e.g., schools,
hospitals) to serve populations efficiently.

o Accessibility analysis: Measures ease of reaching services or opportunities, often
using GIS tools.

These techniques help planners allocate resources fairly and improve service delivery in urban
and regional contexts.

Fill in the blank: Location-allocation models identify optimal for facilities to serve
populations efficiently.

J) "

Plate 5.3: Spatial Optimization in Planning

— Improving Urban Services & Accessiblity —

Il Concept
W Data

Monday, February 9, 2026, 2:53:00 PM WAT
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Plate 5.3: Spatial Optimisation in Planning
Short description: Image showing a planner using GIS tools to optimise facility locations and
accessibility.

Pilot questions 5.3

What does MCDA help planners evaluate?

What does cost-benefit analysis compare?

What does impact analysis assess beyond monetary measures?
What do location-allocation models identify?

What does accessibility analysis measure?

agbrwoN=

5.4 Case Studies and Applications of Simulation'in
Planning Practice

Case studies demonstrate how simulation models and-quantitative methods are applied in real-
world planning contexts. They provide practical insights into how theoretical tools are used to
solve complex urban and regional challenges.

Fill in the blank: Case studies provide practical insights into how theoretical tools are used to
solve challenges.

Function Practical Value Planning Insight
Contextual Demonstrates how quantitative Reality Check: Shows that a
Validation methods performed in specific "perfect” model must still navigate

political or geographic settings. local laws, budgets, and community
pushback.
Comparative Allows planners to compare Calibration: Helps planners refine
Analysis "Model vs. Reality" by looking their own simulations by seeing
at the actual results 10 years where previous forecasts went wrong
after a plan was implemented. (e.g., underestimating "induced
demand”).

-
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Precedent Providing evidence of a policy's Risk Mitigation: It is easier to get
Setting success to convince skeptical funding for a "Smart City" initiative if
stakeholders or decision- you can point to a successful case
makers. study from a similar region.
Failure Studying "What went wrong" Ethics & Quality: Highlights the
Analysis when quantitative models failed importance of the "human element"
to predict social or that numbers alone might miss.
environmental fallout.

Box 5.4: Importance of Case Studies_ in Planning
Short description: Text box summarising how case studies'illustrate the practical application of
simulation and quantitative methods.

5.4.1 Urban growth simulation case study

Urban growth simulations use models such as cellular automata or agent-based models to
forecast expansion patterns. For example, a city may simulate how new housing developments
affect surrounding land use and infrastructure.

Fill in the blank: Urban growth simulations often use automata or agent-based
models to forecast expansion patterns.

-
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Figure 5.6: Urban Growth Simulation
— Forecating Expansion Patterns using Cellular Automata —

1. Core Concept:

Computer models that use
a algorithms (e.p, prediccs) to celular
Q automas to future expansion and

land use change.

2. Process Overview
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[

—
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Future Growth

Example: Simulating suberan sprawl under different zoning policies

M Concept

Modeling Future Cities for Sustainable Urban Planning =i

Monday, February 9, 2026, 3:14:13 PM WAT
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Figure 5.6: Urban Growth Simulation
Short description: Diagram showing how urban growth simulation forecasts expansion patterns
using cellular automata.

5.4.2 Transport policy evaluation case study
Transport simulations evaluate the impact of new policies, such as introducing bus rapid transit

(BRT) or congestion pricing. Microsimulation models can show how traffic flow changes under
different scenarios, helping planners select the most effective policy.
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Fill in the blank: Microsimulation models can show how flow changes under
different transport policy scenarios.

Figure 5.7: Transport Policy Simulation

— Evaluating Traffic Flow for Strategic Planning —

2. Process Overview

Policy Scenarios
A: New Bike Lanes
B: Increased Parking Fees

Scenario A: Scenario A:
@ Microsimulation Model New Bike Lanes New Bikes Fangs
' & \fr\ y
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Core Concept
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use microstinsulation to D

s gpaive _tratﬁic sic Microsimulation Model
ﬂOV'I, cgngestlon, and » @ Simulates indlvicie movements
policy impacts. (

v

Traffic Flow Analysis

il G

Metrics: Sped, Delay, Volume, Emissions

Insights for Decision-Making 1

o Compare performance metrics to
select optimal policy

Forecasting Urban Mobility for Evidence-Based Policy

Monday, February 9, 2026, 3:15:07 PM WAT

Figure 5.7: Transport Policy Simulation
Short description: Diagram showing how microsimulation evaluates traffic flow under different
transport policy scenarios.

5.4.3 Environmental sustainability modelling case study

Environmental simulations assess the impact of policies on water, energy, and pollution. For
example, planners may simulate how renewable energy integration reduces emissions or how
water conservation policies affect supply and demand.
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Fill in the blank: Environmental simulations assess the impact of policies on water, energy, and

Blasio B: Pollution Control Zones

Plate 5.4: Environmental Sustainablity Simulation
— Evaluting Renewable Energy & Pollution Control Strategies —

Harnessing Dynamic Modeling for Greener Cities Concept Data

Monday, February 9, 2026, 3:16:01 PM WAT

Plate 5.4: Environmental Sustainability Simulation
Short description: Image showing a planner using simulation to evaluate renewable energy and
pollution control strategies.

Pilot questions 5.4

1. What type of models are often used in urban growth simulations?

2. Give one example of a transport policy evaluated using simulation.

3. What do microsimulation models show in transport policy evaluation?
4. Name two areas assessed by environmental sustainability simulations.
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5. Why are case studies important in planning practice?

Series Summary

This Series examined how simulation models and applied quantitative methods enhance spatial
decision-making in urban and regional planning. It began with the fundamentals of simulation
in planning, defining simulation models, exploring deterministic, stochastic, and agent-based
approaches, and highlighting their role in testing scenarios and forecasting outcomes:

The second Part focused on simulation models in urban and regional planning, including
land use models (cellular automata, integrated land use-transport), transport models (traffic
flow, network assignment, microsimulation), and environmental/resource models (water, energy,
pollution control). These tools allow planners to replicate complex systems and anticipate future
developments.

The third Part introduced applied quantitative methods for spatial decision-making, such as
multi-criteria decision analysis (MCDA), cost-benefit and impact.analysis, and spatial
optimisation techniques (location-allocation, accessibility analysis). These' methods provide
structured frameworks for evaluating alternatives and balancing.competing objectives.

Finally, the Series concluded with case studies and applications; demonstrating how
simulation and quantitative methods are applied in practice. Examples included urban growth
simulations, transport policy evaluation, and environmental sustainability modelling. These case
studies illustrated the practical relevance of simulation and quantitative methods in addressing
real-world planning challenges.

Together, simulation models and applied quantitative methods equip planners with powerful
tools to replicate systems, evaluate policies, and make informed, evidence-based spatial
decisions.

Glossary of Terms

+ Simulation model: A mathematical or computational representation of a real-world
system evolving over time.

o Deterministic simulation: Produces the same outcome given the same inputs.

o Stochastic simulation: Incorporates randomness and probability in outcomes.

+ Agent-based simulation: Models individual agents and their interactions to simulate
complex systems.

e Cellular automata: Land use simulation model representing urban space as a grid of
evolving cells.

+ Integrated land use-transport model: Links land use changes with transport demand
and accessibility.

o Traffic flow model: Simulates vehicle movement along roads.

* Network assignment model: Allocates trips to routes based on demand and capacity.

¢ Microsimulation model: Represents individual vehicles or travellers to capture detailed
behaviour.

o Water resource model: Simulates supply, demand, and distribution of water.

+ Energy model: Forecasts energy consumption and evaluates renewable integration.

o Pollution control model: Assesses impacts of emissions and tests mitigation
strategies.
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o Multi-criteria decision analysis (MCDA): Evaluates alternatives using weighted
criteria.

o Cost-benefit analysis (CBA): Compares monetary value of benefits and costs of a
project.

+ Impact analysis: Assesses broader social, environmental, and economic impacts.

o Location-allocation model: Identifies optimal facility locations to serve populations
efficiently.

e Accessibility analysis: Measures ease of reaching services or opportunities.

e Scenario analysis: Testing alternative policy options to select the most sustainable
outcome.

Concept Check Questions 5
Objective questions

1. Simulation allows planners to test , forecast outcomes, and.evaluate policy
impacts before implementation. (Linked to SLO 5.1)

2. A simulation model is a mathematical or computational representation of a
system that evolves over time. (Linked to SLO 5.1)

3. Agent-based simulation models individual and their interactions to simulate
complex systems. (Linked to SLO 5.1)

4. Cellular automata models represent urban space as a of cells evolving
based on rules. (Linked to SLO 5.2)

5. Microsimulation models represent individual or travellers to capture detailed
behaviour. (Linked to SLO 5.2)

6. Pollution control models assess.impacts of and test mitigation strategies.
(Linked to SLO 5.2)

7. Multi-criteria decision analysis assigns to criteria and scores alternatives to
identify the best option. (Linked to SLO 5.3)

8. Cost-benefit analysis compares the monetary value of and costs of a
project. (Linked to SLO 5.3)

9. Location-allocation models identify optimal for facilities to serve populations
efficiently. (Linked to SLO 5.3)

10. Urban growth simulations often use automata or agent-based models to

forecast expansion patterns. (Linked to SLO 5.4)
Short-answer questions

11. Define a simulation model and explain its purpose in planning. (Linked to SLO 5.1)

12. Name three types of simulation approaches. (Linked to SLO 5.1)

13. What do integrated land use-transport models link together? (Linked to SLO 5.2)

14. Name two types of transport simulation models. (Linked to SLO 5.2)

15. Give one example of an environmental simulation model. (Linked to SLO 5.2)

16. What does impact analysis assess beyond monetary measures? (Linked to SLO 5.3)
17. What does accessibility analysis measure? (Linked to SLO 5.3)

18. Give one example of a transport policy evaluated using simulation. (Linked to SLO 5.4)
19. Name two areas assessed by environmental sustainability simulations. (Linked to SLO
5.4)

Long-answer questions
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20. Explain the fundamentals of simulation in planning, including definition, types, and role in
decision-making. (Linked to SLO 5.1)
o Basic response: Learners should define simulation, describe deterministic, stochastic,
and agent-based approaches, and explain their role.
e Value-added response: Outstanding learners may provide examples such as traffic
flow or urban growth simulations.
21. Analyse the role of simulation models in land use, transport, and environmental
planning. (Linked to SLO 5.2)
« Basic response: Learners should describe cellular automata, integrated land use-
transport, traffic flow, and pollution control models.
o Value-added response: Outstanding learners may provide case-specific examples of
how these models guide planning decisions.
22. Describe applied quantitative methods such as MCDA, cost-benefit analysis, and spatial
optimisation techniques. (Linked to SLO 5.3)
e Basic response: Learners should define each method and explain its purpose.
o Value-added response: Outstanding learners may provide examples of facility location
planning or transport project evaluation.
23. Evaluate case studies of simulation in planning practice, including.urban growth,
transport policy, and environmental sustainability. (Linked to SLO 5.4)
e« Basic response: Learners should describe each case study and its relevance.
e Value-added response: Outstanding learners may.critically assess strengths,
limitations, and lessons learned from these applications.

Answers to Pilot Questions [Series 5]
Pilot questions 5.1

¢ A simulation model is a mathematical or computational representation of a real-world
system that evolves over time.

Deterministic, stochastic, and agent-based simulation approaches.

Stochastic simulation.

Individual agents (households, commuters, etc.).

It allows planners to test.scenarios, forecast impacts, and visualise outcomes.

Pilot questions 5.2

A grid of cells evolving based on rules.

Land use changes and transport demand.

Traffic flow models and network assignment models.

Individual vehicles or travellers.

Water resource models, energy models, or pollution control models.

Pilot questions 5.3

Alternatives based on multiple criteria.
Monetary value of benefits and costs.

Social, environmental, and economic impacts.
Optimal locations for facilities.

Ease of reaching services or opportunities.

Pilot questions 5.4
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Cellular automata or agent-based models.

Bus rapid transit (BRT) or congestion pricing.

Traffic flow changes.

Water and energy systems, or pollution control.

They illustrate practical applications of theoretical tools in real-world planning.

References and Attributions [Series 5]
Core References

o Batty, M. (2009). Urban Modeling. Cambridge: Cambridge University Press.

o Wegener, M. (2011). The Future of Spatial Models. Journal of Transport and Land Use.

e Klosterman, R. E. (1994). An Introduction to Simulation Models in Planning. Environment
and Planning B.

e Eastman, J. R. (1999). Multi-Criteria Decision Analysis in GIS. Geographical Information
Systems.

e Boardman, A. E., Greenberg, D. H., Vining, A. R., & Weimer, D. L. (2018). Cost-Benefit
Analysis: Concepts and Practice. Cambridge University Press.

e Church, R., & Murray, A. (2009). Business Site Selection, Location Analysis, and GIS.
Wiley.

Illustration Placeholders and Attributions

e Box 5.1: Role of Simulation in Planning — Al-generated placeholder. Prompt: “Create a
text box summarising how simulation helps planners replicate processes, test scenarios,
and forecast outcomes.”

o Figure 5.1: Types of Simulation Approaches — Al-generated placeholder. Prompt:
“Create a diagram showing deterministic, stochastic, and agent-based simulation
approaches with planning examples.”

e Plate 5.1: Simulation'in Spatial Decision-Making — Al-generated placeholder. Prompt:
“Generate an image showing a planner using simulation software to visualise urban
growth scenarios.”

e Box 5.2: Applications of Simulation Models in Planning — Al-generated placeholder.
Prompt: “Create a text box summarising how simulation models are applied to land use,
transport, and environmental systems.”

e Figure 5.2: Land Use Simulation Models — Al-generated placeholder. Prompt: “Create a
diagram showing cellular automata and integrated land use-transport models.”

e _Figure 5.3: Transport Simulation Models — Al-generated placeholder. Prompt: “Create a
diagram showing traffic flow, network assignment, and microsimulation models.”

e Plate 5.2: Environmental Simulation Models — Al-generated placeholder. Prompt:
“Generate an image showing a planner using simulation to evaluate water, energy, and
pollution systems.”

e Box 5.3: Role of Quantitative Methods in Spatial Decision-Making — Al-generated
placeholder. Prompt: “Create a text box summarising how quantitative methods support
evaluation of alternatives and informed planning decisions.”

o Figure 5.4: Multi-Criteria Decision Analysis in Planning — Al-generated placeholder.
Prompt: “Create a diagram showing how MCDA evaluates alternatives using weighted
criteria.”

e Figure 5.5: Cost-Benefit and Impact Analysis — Al-generated placeholder. Prompt:
“Create a diagram showing how CBA and impact analysis evaluate projects in planning.”
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e Plate 5.3: Spatial Optimisation in Planning — Al-generated placeholder. Prompt:
“Generate an image showing a planner using GIS tools to optimise facility locations and
accessibility.”

e Box 5.4: Importance of Case Studies in Planning — Al-generated placeholder. Prompt:
“Create a text box summarising how case studies illustrate the practical application of
simulation and quantitative methods.”

e Figure 5.6: Urban Growth Simulation — Al-generated placeholder. Prompt: “Create a
diagram showing how urban growth simulation forecasts expansion patterns using
cellular automata.”

e Figure 5.7: Transport Policy Simulation — Al-generated placeholder. Prompt: “Create a
diagram showing how microsimulation evaluates traffic flow under different transport
policy scenarios.”

e Plate 5.4: Environmental Sustainability Simulation — Al-generated placeholder. Prompt:
“Generate an image showing a planner using simulation to evaluate renewable energy
and pollution control strategies.”

-
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