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What is a Land Use Model?

 Land Use Models use economic theories and
simplified statistic methods to explain and estimate
the layout of urban land uses.

 Land Use Model is quantitative method to predict
future changes in land use, socioeconomic and
demographic data based on economic theories and
social behaviors.



 Facilitate Transportation Modeling: Forecast future 
land use changes and allocations and incorporate 
those changes into the transportation demand models.

 Policy Analysis: helps to determine economic and 
environmental impacts of land-use transportation 
policies. 

 Capture the interactive relationship between land use 
and transportation: integrated land use and 
transportation models can help capture the feedback 
loop of traditional four-step models.



There are different categories of Land Use modeling:

1. Lowry type model (Spatial Interaction Model)

2. Spatial Input-Output Models

3. CGE Model (Micro-simulation Models )

4. Simulation Model (Cellular Automation Model)

5. Rule Based Models



 Lowry's (1964) Model of Metropolis was the first

attempt to implement the urban land-use transport

feedback cycle in an operational model

 Model is based on Gravity theory from Newton’s Law.

 The distribution of demographic data is a function of

attractiveness and travel costs associated with places.



Models in this category include:

 Disaggregate Residential Allocation Model (DRAM), Employment 

Allocation Model (EMPAL), Stephen H. Putman, 1994

 Highway Land use Forecasting Model(HLFM II+) , Alan J. 

Horowitz; Dowling et al. 2000

 Land Use Transportation Interaction Model (LUTRIM), William 

Mann, 1995

 Land Use Transportation Modeling Package (LILT), Mackett, 1979



 Disaggregate Residential Allocation Model (DRAM), 
Employment Allocation Model (EMPAL) are most 
widely applied models in early 1970s.

 Based on Lowry gravity models that assume 
accessibility is the key concept in location choice

 Multivariate zonal attractiveness variable is added to 
the travel disutility function

 It is a modified version of standard singly constrained 
spatial interaction models



 Data source are generally available

 Has ability to introduce constraints or other influence, 
particularly to account for local knowledge 

 Easy to calibrate



 Statistical modeling process, not based on economic 
theory and market competition

 Little behavioral content in the model does not lend 
itself to a wide variety of policy analyses

 Aggregate, not based on discrete behavior

 Impact of zoning policies is not well represented

 Uses a reduced form of logit for location choice



 Originally developed  from Input-Output Model from 
economic theory

 Framework addresses  spatial patterns of location of 
economic activities, movement of goods and  people 
between zones

 It generates static equilibrium solution to changes in 
one or more inputs



Models in this category are:

 MEPLAN  software developed by Marcial Echenique

and partners Ltd. in United Kingdom, (Hunt, 1997)

 Integrated Land Use Transport model (TRANUS),  

Tomas de la Barra

 Production, Exchange and Consumption Allocation 
System (PECAS): 

 It is a generalization of the Spatial I/O modeling 
approach used in the MEPLAN and TRANUS land use 
transport modeling systems



 MEPLAN  software developed by Marcial Echenique
and partners Ltd. in United Kingdom 

 Model interacts between two parallel markets: a land 
market and a transportation market

 Behavior in each system is modeled as response to 
price or  price like signals (incl. travel disutility).

 It estimates the effects of transportation on the 
location choices by residents, employers, developers 
and determine how land use and economic activities 
induce travel demand



 It consists three main module 
 Land use/economic module (LUS): It models the spatial 

location of activities such as employment and 
population and produce trades between zones

 Transportation Module (TAS): It examines modal split, 
route assignment, and capacity restraint.

 Economic evaluation module (EVAL): It combines 
results from LUS and TAS  and compare them with 
alternative plans or base scenario



 Allows analysis of different kinds of policies

 Comes close to modeling interrelated variables 
describing both land use and transportation

 May be implemented with small amount of data 
except for the base year

 Represent impact of zoning policies by including 
zoning restrictions on floor space  in the spatial choice 
formulation as well as development costs



 Data intensive as it requires extremely large and rich 
set of observed data 

 Calibration process may be difficult and time 
consuming if base year observed data is inconsistent

 The segregation of MEPLAN into an equilibrium 
model and an incremental model makes it difficult to 
model certain processes

 A new approach for integrating behavioral logit 
models with input-output models should be explored



 Production, Exchange and Consumption 
Allocation System (PECAS)

 Focuses on movement of goods and people

 It uses an aggregate, equilibrium structure with 
separate flows of exchanges (including goods, services, 
labor and space) going from production to 
consumption based on variable technical coefficients 
and market clearing with exchange prices.



 PECAS has two component module:
 The space development module: Represents the actions 

of developers in the provision of space (land and floor 
space) where activities can locate, including the new 
development, demolition and re-development 

 The activity allocation module: Represents how 
activities locate within the space provided by developers 
and how these activities interact with each other at a 
given point in time



 Compatibility with Activity Based Models

 Ability to Forecast/Analyze Goods Movement

 Ability to Provide Demographic Forecasts

 Ability to Work at Different Scales



 Issue in analyzing TOD Projects (project level analysis)

 Model sensitive to policies and planning assumptions 
at the regional level

 Not as good in vendor support.



 Computable general equilibrium (CGE) models are
a class of economic models that use actual economic
data to estimate how an economy might react to
changes in policy, technology or other external factors

 The explanatory variables reflect the characteristics of
individuals and their decision making processes

 CGE model are easy to understand and implement
since the decision making process may be modeled at
an individual level



Models in this category are:

 National Bureau of Economic Research (NBER) / 
Harvard Urban Development Simulation (HUDS), 
Kain and Apgar 1985

 Micro-Analytical Simulation of Transport, 
Employment and Residence (MASTER), Mackett 1992

 IRPUD model is a simulation model of intraregional 
location and mobility decisions in a metropolitan area, 
Wegener 1985

 UrbanSim (Waddell  2002)

 Cube - Land



 UrbanSim is an open source software-based simulation
system for supporting planning and analysis of urban
development with integration between land use,
transportation, the economy, and the environment.

 UrbanSim model uses dynamic disequilibrium
approach with discrete choice structure i.e. mostly
Multinomial Logit Regression (MNL) is used

 The model implements a perspective on urban
development that represents a dynamic process
resulting from the interaction of many actors making
decisions within the urban markets for land, housing,
non-residential space and transportation



 Dynamic behavioral foundation, which makes the 
model more transparent and user friendly

 Ability to provide demographic forecasts

 Model sensitivity to policies and planning assumptions 
at the regional level

 Reflects real world process, which makes the model 
easier to evolve and to interface with other models

 Vendor Support with flexibility of modification (open 
source software)



 Complexity of model preparation, estimation and 
calibration 

 Compatibility issue with Activity Based Models 
(project level analysis) and its Ability to 
Forecast/Analyze Goods Movement.

 High data requirements (due to disaggregation) 

 Does not consider spatial changes as being considered 
by Cellular Automata models.



 The Cube Land is based on the bid-rent theory. It
determines real estate value based upon the amount the
highest bidder would be expected to pay in an auction.

 This willingness to pay is a function of location
externalities and transportation accessibility.

 The module allocates households and employment
according to basic economic principles of real estate
market equilibrium.

 Generates forecasts of commercial and residential units
built by type and zone and.

 The results are integrated with the Cube Based model



 In CA-based urban models, cell simulates various 
types of land use changes over time.

 CA model is composed of four elements:

 Cell space , Cell states, Time steps, Transition rules:

 Cannot represent the decision-making entities of land 
use change, such as households’  and employments’ 
behavior, economic and policy changes



Models in this category are:

 Slope, Land Use, Exclusion, Urban, 
Transportation, hill shading (SLEUTH), Clarke et 
al. 1996

 Transportation Analysis and Simulation System 
(TRANSIMS) , Antoine Hobeika2005



 Slope, Land use, Exclusion, Urban, Transportation, hill 
shading (SLEUTH)

 An underlying assumption of the model is the 
historical growth trends . Under this assumption all 
the cells are updated synchronously in discrete time 
steps and the state of each cell depends on the 
previous state of each cell 

 Since spatial framework of the model is raster –based 
the input data are required in raster format



 Graphical and Statistical outputs are provided

 Concurrently simulated four  types of growth 
(spontaneous, diffusive, organic and road influenced)

 Allows relatively simple alternative scenario projection



 Not based on economic theories but relies on 
historical trends

 Does not explicitly deal with population, policies, and 
economic impacts on land use change, except in terms 
of growth around roads

 Growth assumption may not hold



 Useful tool for several MPOs and counties for long 
range scenario testing because they are easy to 
apply

 Developed on economic theories and market rules 
but not comprehensively enough to model the 
complex economic and market process



Models in this category are:

 California urban Future (CUFM: CUF-1/ CUF-2 ), 
Landis, 1994

 Subarea Allocation model/ Land Use Allocation 
Model (SAM/LAM), Walton 2004

 Urban Growth Model (UPLAN ), Johnston et al. 
2003

 Simplified Land Allocation Model (SLAM), 
Corradino Group in early 1980s



 California urban Future (CUF) simulates the effects 
growth and development policies on the location, 
pattern and intensity of urban development 

 Model uses two primary units of analysis:

 Political jurisdictions 

 Developable land units (DLUs)

 Spatial bidding is allowed in CUF-2



 Easy to use and visualize

 Alternative policy scenarios prepared quickly and in 
easy to read maps

 Modular  system of related but independent sub 
models that may be updated

 Simulated based on specific policy changes



 Limited to residential development and no methods 
for projecting and/or allocating future industrial, 
commercial, and public activities.

 Lack of “infill” development and redevelopment by 
assuming almost all population growth will occur at 
urban edge 

 Rules for allocating future development were not 
based on historical experience

 Data intensive



 Multinomial logistic based Cellular Automata simulate
complicated spatial-temporal process and captures the
multi-land use transition rules and generate probability of
land use to develop into different types; whereas agent
based model provides a flexible representation of
heterogeneous decision makers.

 Both of the results of CA Model (spatially land use
development probability) and Agents Model (decision
making of household behavior, employment, developers,
land owners, etc.) are integrated in a Land Use Allocation
Model.



 Land Use Allocation Model

 Only one land type is allocated in a specific cell

 Monte Carlo stochastic method is used to generate cells 
with higher combined CA and Agents’ land developing 
probability.

 To maximize the total development 
suitability/probability



Multi Agent Model

CA Land Use 

Probability Model

        Multinomial Logistic Model

Transportation Model

Trip Generation Model

Trip Distribution

Mode Coice

Traffic Assignment

Land Use Allocation 

Model

Transportation Accessibility



 The integrated model can capture the land use 
changes cross space and over time. 

 It is sensitive to policy changes 

 Generate better land use forecasting for future travel 
demand analysis. 



 Requires various data from different data sources. 

 Data Limitations (for example, individual information 
for each household is limited, cell based attributions 
are used) 

 Requires transportation accessibility (skim file) which 
is not easily available in time series. 



Characteristic DRAM/
EMPAL

MEPLAN PECAS UrbanSim CUF-1/
CUF-2

CA/Agent
Model

Model 
Structure

Spatial 
Interaction
(Lowry )

Spatial I/O
model

Generalize
d  Spatial 
I/ O model

Discrete 
choice 
(MNL)

Discrete 
Choice

Discrete 
choice(MNL)

Household 
location choice

Yes Yes Yes Yes No Yes

Employment
location choice

Yes Yes Yes Yes No Yes

Real Estate 
Development

No Yes Yes Yes Yes Yes (Developer’s 
agent)

Real Estate 
Measures

Acres Acres /
Floorspace

Floorspace Acres, Units, 
Floor space.

Acres Acres

Geographic
basis

Census 
tracts / 
aggregates

User
defined 
zones

Zone (max 
750)

Grid cells,
(Zone , 
parcel

Grid cells Raster Cells



Characteristic DRAM/
EMPAL

MEPLAN PECAS UrbanSim CUF-1/
CUF-2

CA/Agent
Model

Policy 

sensitivities 
No 
representation

pricing, 
zoning, 
taxes

Land 
use 
policies

Land use 
Policies,
Pricing , 
Zoning, 
Taxes

Land use 
policies 

Land use 
Policies,
Pricing , 
Zoning, 
Taxes

Temporal basis Quasi
dynamic 
equilibrium

C/S 
equilibrium

Annual Annual 
dynamic

Annual 
dynamic

Annual 

Interaction  
with Travel 
models

Yes Yes Yes Yes No Yes

Software 
Access

Proprietary Proprietary Open 
Source

Open 
Source

N/A Open 
Source

Integrated
CA model

No No No No No Yes



 pros:
 Captures a variety of spatial processes and influences 

relevant for land use
 Provides more precise input into transportation demand 

forecasting

 It is easy to implement 

 Cons:
 Focus on simulating the change in state of individual 

cells

 Does not represent real world entity

 May get different results for different cell size



 Pros
 Helps to overcome cell size sensitivity

 Real world geographical entity (parcels) with irregular 
shape and size are consider

 The parcel-based data model reflects parcels, buildings, 
households and jobs as the primary objects and units of 
analysis

 Cons:
 Parcel based data is huge and takes time to process

 Not easily available

 The spatial analysis methods are more complex.



 Pros:

 Transportation models are based on TAZ

 Land use  results are aggregated in TAZ for 
transportation models

 Cons:
 Too agglomerate for land use change

 Ignores urban economic factors



 About 20% is basically home grown application.

 Large MPOs have more capability to handle
advanced Quantitative models such as UrbanSim 
and PECAS.

 GIS based approaches are settled.

 Many Mid MPOs are using sketch level and
spreadsheet methods

 Some MPOs do Qualitative approach only



Source: David J-H. LEE, 2009 



Source: David J-H. LEE, 2009 



 Every model has its strengths and limitations and 
no model is best suited for every situation. 

 The selection of a land use model depends on
 The purpose of the modeling

 Sensitivities to land use and transportation policies

 Data requirements and availability

 Modeling efforts (time, expertise and budget)



Thank you


