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Abstract: This study employs a multi-agent model to assess 12 city designs that were created using environmental sustainability 

factors. The plans are based on four various sorts of city scenarios and three different city morphologies, each of which 

represents a different planning philosophy. While sustainability factors relate to facility accessibility, environmental indicators 

focus on traffic-related pollution. The model aids planners in choosing the optimal city when taking the chosen performance 

factors into account. In this case study, mixed land-uses and a compact city design produced the best results. 

1 Introduction 

The strengths and nature of the relationships between trans- 

portation, land use, and the environment are well documented 

(Hall 1996, for example). These relationships are key factors in 

developing a sustainable built environment. However, the fun- 

damental question remains: How can planners strike a balance 

between these three aspects in order to develop an attractive 

built environment where travel is minimized and environmen- 

tal quality attained? 

When considering the connection between the first two 

aspects, land use and transportation, Hall (1996) claimed that 

planners should consider these two factors as meshed together 

into a highly fragile combination. That is to say, connecting 

and harmonizing land uses and transportation so that both ele- 

ments will coexist in a good manner is not easily accomplished. 

Hence, when a planner looks at these aspects, he must do so in 

a delicate manner to create a win-win situation. 

In dealing with the connection between land use and 

transportation, O’Meara (1998) argued: “The physical struc- 

ture of a city cannot change overnight, but decisions about 

transportation and land use will determine how it is shaped 

over time. By building roads, rail lines or bike paths, city plan- 

ners decide not only how people will move around, but also 

where the accessible and desirable buildings will be…” (p. 11). 

Newman and Kenworthy (1992) elaborated on the connection 

between land use and environmental aspects: “The great chal- 

lenge in our cities is to protect individual freedom in locating 

land uses and to provide access to them, while maintaining the 

public qualities of clean air, safe streets, and attractive public 

spaces” (p. 360). 

Although the question concerning the optimized plan- 

ning form still exists (a question which has a long history in 

planning research literature), it is commonly agreed that city 

structure and planning can help to develop a sustainable built 

environment. That is, urban planning can play an essential role 

in creating sustainable relationships between land use, trans- 

portation, and environment. 

The aim of our study was to investigate the impact of city 

form and planning ideas/scenarios on transportation, land use, 

and the environment in developing a sustainable built environ- 

ment. In other words, can urban planners formulate a planning 

form/scenario that will reduce travel and consequently pollu- 

tion while simultaneously creating a sustainable built environ- 

ment by suggesting the optimal land-use and facility (such as 

kindergarten, shops, medical centers, etc.) distributions? 

The multi-agent model we have developed can be used 

as a decision-support tool to simulate the impact of different 

urban forms on activity-travel patterns and the evolution of 

land use. The results are then linked to pollution/emissions. 

The advantages of the multi-agent approach are twofold. First, 

it allows us to simulate complete daily activity patterns of indi- 

viduals at the required level of detail. Micro-simulation (such 

as the multi-agent model) is the only feasible way to reproduce 

the variability in activity-travel patterns that exists in the real 

world. 

The second advantage of the multi-agent approach is that 

it allows us to simulate the behavior of suppliers (individuals 

and organizations engaged in supplying or serving the facili- 

ties) while taking into account all interactions that result from 

competition among those suppliers and response to demand 

(interactions with individuals). The application of the model 
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to the fundamental principles of the city form implies that this study 

substantially differs from other models that concentrate on the impact 

of different short- and long-term policies such as parking and 

congestion fees, ridesharing, car ownership, or changing workplaces. 

Our model, on the other hand, concen- trates on the planning in 

practice: it deals with planning form/ scenarios as a tool for reducing 

travel and hence city pollution. As Newman and Kenworthy (1992) 

note, “The role of the planner is to help to choose the infrastructure 

around which the city and its marketplace can adjust. This choice 

needs to consider such issues as air quality and sprawl, questions of ur- 

ban places and neighborhoods and community, and the vitality of centers 

and sub-centers. All of these have an impact on eco- nomic 

performance but are much more than just marketplace choices. They 

are choices about the preferred city” (p. 360). 

The model/decision support tool (Arentze and Timmer- 

mans 2000) incorporates these aspects mentioned by Newman 

and Kenworthy (1992) and is thus potentially useful in the 

context of dealing with the preferred city. 

The focus of this paper, however, is not on the model per 

se, but rather on its application to 12 city scenarios for 150,000 

people, presented as a master plan. The 12 versions are based 

on three city forms and four planning concepts (detailed later). 

These different city scenarios are compared according to a set of 

performance indicators. It should be noted that we are analyz- 

ing city forms from a more fundamental perspective and not 

an existing city. 

In the course of this paper, we will discuss aspects of city 

pollution and traveling in the city, followed by a description 

of the model and the developed planning scenarios and city 

forms. Finally, the results of the simulations will be presented 

and discussed. 

 

2 Travel in the city and pollution 

Over the past several decades, travel within and around cities 

has become significantly greater. Preimus (1999) claims that the 

living climate in cities is under great pressure due to an increase 

in pollution and the lack of open green areas. According to the 

Dutch National Institute of Public Health and Environment 

Protection, traffic flows in and around cities are causing various 

environmental problems: acidification (by car emissions), dis- 

turbances (noise, smell, and accidents); fragmentation (of ani- 

mals’ habitats), changes in climate, and waste. Several of these 

environmental issues are linked to health effects that can arise 

due to exposure to gasses and particles emitted from vehicles. 

The environmental problems of cities are seen to be 

linked fundamentally to poor design of the urban fabric. In 

fact, Dutch people have lower levels of satisfaction with hous- 

ing and the living environment in cities than elsewhere (Prei- 

mus 1999). Evidence of this dissatisfaction may be seen in the 

fact that a positive relationship was found between living in a 

compact city and tending to be more environmentally con- 

cerned. This relationship is partially explained as an outcome 

of restricted car-based mobility (de Nijs et al. 2004; Geurs and 

van Wee 2006). The above research also indicates that a major 

health problem originated from pollution. O’Meara (2001) 

translated this health problem into a death rate and claims that 

air pollution from motor vehicles can kill more people than car 

accidents. 

What makes the trade-off between transportation de- 

velopment and the environment all the more complex is the 

fact that pollution created in the city is not a local (inner city) 

problem, but a global one since pollution extends far beyond 

city borders. Hence, the benefits of healthy cities are regional, 

national, and global (O’Meara 1998). 

Several researchers focus on travel behavior as a result of 

the increase in traveling, the growing complexity of travel pat- 

terns, and the desire to understand the planning possibilities for 

changing travel patterns within a city. Moreover, travel distance 

within a city is regarded as a key parameter with respect to the 

urban environment (see, for example, Newman and Kenwor- 

thy 1989 and Stone et al. 2007). Common to these studies 

is the understanding that in addition to the traveling “price,” 

an increase in transportation/mobility options lies at the core 

of urban growth management (Waddell 2002). Therefore, 

massive investments in transportation facilities must be made 

in an effort to support greater progress in efficiently moving 

people and goods (Forkenbrock and Schweitzer 1999). These 

transport-behavior studies focus on a variety of questions. How 

is travel behavior affected by new information and communi- 

cation technologies? How does land use and growth manage- 

ment affect travel behavior? How much travel is induced as a 

result of new infrastructures? How do travelers respond to auto 

restraint policies? 

Activity-based travel demand models as a tool for mod- 

eling behavioral responses to the issues embodied in these 

questions have been estimated and applied in various studies 

(Kitamura et al. 1996; Rossi and Shiftan 1997; Gunn and Van 

der Hoorn 1998; Shiftan 1999; Algers and Beser 2000; Salvini 

and Miller 2005; Shiftan 2008; and Katoshevski-Cavari et al. 

2009). A common hypothesis is that different policies—in- 

cluding the encouragement of people to live in higher-density 

residential areas, mixed land-use, transit accessibility, and pe- 

destrian friendliness—create an environment where people 

drive less (Cervero 1989). This reduction in traveling may  
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occupancy vehicles to public transportation, walking, and/or 

cycling. Cervero and Kockelman (1997), Newman and Ken- 

worthy (1989 & 1999), Holtzclaw (1990), Frank and Pivo 

(1994), Kitamura et al. (1997), Badoe and Miller (2000), and 

Roorda et al. (2009) are examples of studies that assume that 

living in higher density neighborhoods contributes to the re- 

duction of the motorization level. These assumptions have led 

some regions to try and implement such policies, including 

transit-oriented development, mixed land use, and different 

concentration schemes. Bagley and Mokhtarian (2000) pro- 

vide an overview of early empirical studies of these policies and 

their effect on transportation 

Although there is a large body of research claiming to have 

found positive evidence of the effect of higher-density neigh- 

borhoods in reducing motorization levels, there is at least an 

equal number of studies showing no or little influence of the 

built environment on travel behavior (Handy 1996; Kitamura 

et al. 1997; Boarnet and Sarmineto 1998; Crane and Crepeau 

1998). There are also doubts as to whether land-use configura- 

tion itself affects travel patterns or whether people with dissimi- 

lar travel behavior preferences select different types of neigh- 

borhoods—what is often referred to as a “self-selective” process 

(see, for example, Dunphy and Fisher 1996; Pontes de Aquino 

and Timmermans 2010). In brief, while there is no consen- 

sus regarding the effect of urban form on travel behavior, there 

is some consensus that our understanding of the effect of the 

various planning policies on travel behavior is still limited. 

The extension of this line of research dealing with city 

structure and travel behavior to include pollution is less well 

developed. Marquez and Smith (1999), discussing the effect 

of four possible future city scenarios, found that corridor-type 

development (development along key transportation routes) 

and compact-type (increased densities in central city areas) sce- 

narios caused a significantly greater decrease in pollution than 

the business as usual scenario. 

Along with our discussion concerning the possible influ- 

ence of different planning policies, it should be understood 

that good location choices for houses, workplaces, and facilities 

are essential. In this research project, we therefore study the 

combined impact of city forms and planning ideas to better 

understand the relationships between these two aspects and to 

enhance the possibilities of creating a sustainable city in terms 

of activity-travel patterns, pollution, and the distribution of 

land uses and facilities. 

Now we move to the description of the model as a basis 

for the discussion concerning the planning and for the scenar- 

ios included in the study. 

3 The multi-agent system 

The model used here is a multi-agent planning support system 

that was employed in developing city plans. This model is de- 

scribed here briefly. For a more detailed presentation, see Aren- 

tze and Timmermans (2000; 2007) and Katoshevski-Cavari 

(2007). Here we focus on the model’s first stage: the suitability 

function responsible for the land-use map. The other stages are 

only theoretically explained. 

The basis of this model is the assumption that urban dy- 

namics are driven by the decisions of at least three groups of 

actors: (1) the planning authority, (2) supplier agents, and (3) 

individuals and households. The assumption is that the behav- 

ior, decisions, and interaction of these three groups drive the 

development of the built environment. 

The system comprises several stages and consists of co- 

evolving models for each group. That is, the multi-agent sys- 

tem includes three sub-models, each focusing respectively on: 

(1) land use, (2) facility location, and (3) facility use. These 

sub-models generate city maps that present land use and the 

location of facilities. The input data is based on people’s prefer- 

ences (based on a conjoint study) and observed activity-travel 

patterns (based on a time-use survey). For a conjoint study and 

time-use survey, see Katoshevski and Timmermans (2001) and 

Katoshevski-Cavari (2007). 

 

 The land-use model: the suitability function 

 

Determining the suitability of an allocation in the context of 

the land-use allocation process is based on a suitability func- 

tion. This part of the system is carried out by the planning 

authorities and, in our case, based on learning about people’s 

preferences (conjoint study, detailed later). The function is de- 

fined by the following equations, 

where: 
 

 

G is the exhaustive set of land-use 

types g, h G 

is an index of land-use types 

extended with city center and main 

roads 

j = 1,..., 6, is an index of cut-of-points used to 

define distance intervals 

l is an index of cells 
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z
lg 

is the suitability of land 

characteristics of cell l for g 
g is the weight of distance to land 

use/center/road i for g 
g is a suitability score assigned to the 

j-th level of distance to i for g 

z
gh 

is the suitability of presence of land 

use h adjacent to g 

χ
h
(1) equals 1, if land use h is adjacent to 

l and 0 otherwise 

d
i
(1) is the distance of l from i 

g is the j-th cut-off point for distance 

to i defined for land use g (c
i0 

= 0, 

c
i6 

= ) 

As described in the above equations, the suitability of a cell (l) 

for a particular land use (g) in this model is assumed to depend 

on three factors. First, accessibility to main roads, to the city 

center, and to specific land-use categories (h) are measured as 

a minimum distance across all other cells in the plan area that 

contains land-use h. Second, adjacency (land use in neighbor- 

hood cells) refers to any direct negative or positive effect one 

land use may have on another adjacent land use (caused by 

noise, traffic load, decreased visibility, etc.). Adjacency involves 

the four direct neighboring cells and four diagonal ones. Fi- 

nally, land characteristics such as slope and soil may have an in- 

fluence. It is noted that, given the purpose of our analysis, this 

latter set of factors is not considered here. The land-use map is 

developed using an allocation algorithm (Katoshevski-Cavari 

2007). After the land-use map is finalized, the system “creates” 

population (the target population for the developed city) and 

then plots facilities. 

 
 The facility location and use model 

 

The facility is determined in the system in two stages. First, the 

facility location model determines the number, type, and loca- 

tion of facilities that emerge from decisions by agents. Agents 

are the individuals and organizations engaged in supplying or 

serving the facilities. We refer to nine types of facilities: daily 

and non-daily shopping facilities, education facilities (two cat- 

egories), medical services, leisure time facilities, personal ser- 

vice facilities, sports, and parks. Within each category there are 

several subclasses. Agents evaluate candidate facility locations 

in terms of the number of visitors a (new) facility would at- 

tract in a given time period (e.g., in the course of a day) based 

on a catchment area analysis. For each facility type, the sys- 

tem implements an agent that is concerned with developing 

and maintaining a network of facilities. Thus, a supplier 

agentincorporates methods to conduct market analysis and 

to de- cide about locations. For further information, refer to 

previous studies by Arentze and Timmermans (2007) and 

Katoshevski- Cavari (2007). 

The result of this first stage is a land-use map denoting 

facilities. However, at this stage, agent decisions about location 

are based on limited information about users. User behavior is 

estimated according to a number of assumptions regarding the 

frequency of activities, normative expenditures, penetration 

rates, strength of the competition, etc. Uncertainty exists con- 

cerning the way the demand will actually be allocated across 

supply locations by individuals. The actual facility use will be 

revealed by the facility use model, which is the second stage in 

facility determination in the system. 

The facility use model is based on individuals and house- 

holds (the third group of actors) who conduct their activities 

in the planned area and determine the actual needed size and 

feasibility of facilities. In the multi-agent system, agents sched- 

ule and implement their activities on a daily basis using the fa- 

cility use model. A modified version of Albatross (Arentze and 

Timmermans 2000), a model of activity-scheduling behavior, 

is used to simulate the generation and implementation of daily 

activity-travel patterns. The version of the model that is imple- 

mented in this study is estimated based on an Israeli national 

time-use dataset of the Israeli Central Bureau of Statistics (CBS 

1995). The model predicts, for any given day and individual, a 

sequence of activity episodes with associated trips on a contin- 

uous time scale while taking into account temporal constraints, 

some socio-economic variables, the day of the week, and spatial 

variables (location and size of facilities). For more information, 

see Katoshvski-Cavari (2007). 

As a consequence of this process and the exploitation of 

the facilities by individuals (adults and children), the actual 

demand size will be known. Based on this information, the 

supplier agents then reevaluate the performance of their de- 

veloped facilities and consequently decide whether to close or 

resize facilities. Facility adaptations will have an impact on the 

spatial choice behavior of individuals. Therefore, after some 

time, the supplier agents again consider whether adaptations 

are needed. These adaptation cycles are repeated until conver- 

gence between users and facilities is obtained. 

This finalizes the whole process of the development of the 

built environment. The outcome is a map that includes the 

land use and facilities that are relevant and adapted to the tar- 

geted population. This final map can be evaluated based on the 

performance indicators defined in the system. 

w 

x 

c 



  

 

Industrial Engineering Journal 

ISSN: 0970-2555   

Volume : 51, Issue 04, April : 2022 
 

UGC CARE Group-1                                                                                  247 
 
 

 Evaluation criteria 

 

To address the environmental-sustainability issue, we include 

several specific aspects. The mobility aspects are represented 

by total city travel per day across all facilities by the popula- 

tion and the number of trips. For each activity type (at the 

subclass level) the model determines the distance traveled (i.e., 

the straight-line distance in meters for each trip conducted for 

the activity type) and the number of trips per day. These two 

issues—total travel distance and the number of trips—are our 

first two measures. The total travel distance simply implies that 

in general there is an emission rate per meter of travel that can 

be taken as the average rate for various types of vehicles. The 

second measure, the number of trips, implies that a high num- 

ber of trips results in more polluting emissions due to more 

ignition actions of vehicles and time during which the vehicle 

is not in motion. Hence, a lower number of trips is preferred. 

The next sets of indicators reflect the accessibility, which reflects 

the ease of access to facilities, or the convenience of moving 

from the home location to different facilities. The number of 

facilities in different distance categories and the distance to the 

first- and second-nearest facilities are considered fundamental 

for a sustainable plan. 

 
 The population 

 

The model is based on people’s preferences and observed activ- 

ity-travel patterns. The input population data for the activity- 

based travel demand model is based on a synthetic population, 

derived from statistical data. For each Housing cell, the system 

draws as many individuals from the sample as the size of the 

fraction of the population residing in the cell. The activity- 

based travel demand model, Albatross (Arentze and Timmer- 

mans 2004), was adjusted to the available Israeli time-use sur- 

vey (CBS 1995), consisting of a sample of 3082 people aged 

14 years and older living permanently in Israel. The sample 

includes Jerusalem, Tel-Aviv, and Haifa, the country’s largest 

cities, and another 83 smaller cities and settlements (Jewish 

and non-Jewish). 

4 The scenarios 

As was noted earlier, the study evaluates 12 city plans, 

which are based on four defined planning ideas/norms (plan- 

ning scenarios) and three city forms (which differ in their road 

structure). 

 The planning scenarios 

 

of these four scenarios deals with distinctive planning con- 

cepts/ideologies. 

 
 Recreation City 

This scenario involves the distribution of city-level Recreation 

cells. According to this scenario, the city will include several 

parks, distributed around the city, instead of one main cen- 

tral park. The main issue of this scenario is the distribution of 

the Recreation cells instead of concentrating them in one large 

park. 

 
 Nature City 

This scenario denotes a city with “green lungs.” The idea of this 

scenario is to develop a city that will include several Nature 

cells. These green (Nature) areas should be large enough to of- 

fer city residents several significant open places within the city 

texture that can be used for leisure activities. The planning di- 

lemmas in this scenario focus on the problems associated with 

creating a green environment and the drawbacks to the city 

such as the transportation/accessibility “price.” 

 
 Mixed City 

This type of scenario deals with mixed land uses. Accordingly, 

this scenario supports a land-use mix of Commercial cells, 

Housing, and High-Tech Industry. In principle, the idea be- 

hind this scenario is that in order to create a more compact 

development with an efficient distribution of facilities and re- 

duced reliance on transportation, land uses should be devel- 

oped in close proximity with one another. This scenario deals 

with the basic planning question of how to create a compact, 

efficient built environment. 

 
 Separated City 

This type of scenario posits a city based on two types of living 

areas: high-density Housing, which includes apartment build- 

ings, and low-density Housing, consisting mainly of detached 

and row houses. The assumption is that in the high-density 

areas, in contrast to low-density zones, facilities should be more 

accessible so that residents will be less dependent on traveling 

for conducting their various activities. The planning focus of 

this scenario is the question of whether it is possible to plan a 

city which offers an area of a comparably low density but with 

appropriate facility dispersal. Such a city might be an appropri- 

ate alternative for those looking for detached or semi-detached 

housing in a suburban development. 

 
 City forms/road structures 
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who presented the influence of urban form (the road network) 

on spatial evolution. 

 
 Basic City 

In this form, two main roads intersect at the center of the 

planned area, forming an “X” shape (see Fig. 1). This layout is 

intended to produce a spread-out, non-dense city whose main 

focal point is the center, although local neighborhood centers 

may also be developed along the roads. Housing should de- 

velop outward from the center along the roads, creating “fin- 

gers” of development radiating from the center but leaving un- 

developed green areas between the roads. Since this structure 

imposes very limited development constraints, it is termed the 

Basic City in this study. 

 
 Corridor City 

In this form, two axial roads are added to those of the Basic 

City form. Intersecting at the center of the area, they divide the 

city into eight sections. This road layout should produce a dras- 

tic increase in overall city density since development may be 

expected to spread outwards from the center along the roads. 

In this Corridor City configuration, a strong focal point should 

emerge at the center, but some neighborhood centers may also 

be developed along each road (Fig. 1). 

 
 Connected City 

This form envisions adding to the Basic City layout several cir- 

cular main roads that divide the city into sections surrounded 

by roads (see Fig 1). Such a layout is likely to result in a more 

constrained development and the emergence of a compact city. 
 

Figure 1: The three city forms. 

 

5 The 12 city plans 

 5.1 The settings 

 

We now describe the development and outcome of 12 city 

plans. First, the land-use input and the main aspects (the 

suitability parameters) of each planning idea/scenario are de- 

scribed. Common to all planning scenarios are the size and 

characteristics of the population and a representation of the 

city area in terms of grid cells. The total number of cells for the  

Land-use and population settings 

 

Seven land-use categories were distinguished: (1) Housing high 

density (Housing-H), (2) Housing low density (Housing-L), 

(3) Industry high tech (Industry-H), (4) Industry low tech 

(Industry-L), (5) Commercial, (6) Recreation, and (7) Nature. 

The plan area consists of a regular grid of 2500 cells, each cell 

being 125 meters by 125 meters in size, divided as follows: 

760 cells for Housing-H, 400 cells for Housing-L; 96 cells for 

Industry-H; 96 cells for Industry-L; 96 cells for Commercial 

land use; 80 cells for Recreation; and 972 cells for Nature. The 

central business district is located in the geographical center of 

the city. The total size of the area and proportional land-use re- 

quirements are derived from an anticipated population size of 

150,000 people and planning standards. The size of a cell was 

determined such that it is small enough to accurately represent 

facilities and not so small as to cause excessive computation 

times. 

In this application, the total number of households per 

cell equals 92 for high-density Housing cells and 39 for low- 

density Housing cells. These numbers are based on the as- 

sumption that, on average, a house occupies 210 m2 and 500 

m2 in high-density and low-density cells, respectively. A house- 

hold on average includes 1.24 adult members. The number of 

workers (in full-time equivalence) is calculated based on the 

following ratios: two workers per high-tech industry facility, 

one worker per low-tech industry facility, and 2.5 workers per 

commercial facility. The simulation is based on a sample frac- 

tion of 10 percent of the population. We account for a sample 

of the population as a case study for establishing our tool. The 

reason why we use a sample (of 10 percent) rather than the full 

population is to reduce computation time. It is not necessary 

to simulate a full population as a sampling fraction such as this 

provides the same results. 

 
 The land-use model settings/the suitability 

parameters 

 

The initial land use distribution in the system is based on suit- 

ability parameters that are defined as input for each of the four 

planning scenarios. The suitability parameters are summarized 

in Table 1. It is important to note that this stage, which deals 

with the development of the parameters for the model to cre- 

ate the land-use map, is completed by the planner based on 

the specific planning idea (each one of the four included in 
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the study), the planner’s knowledge, and a conjoint study. The 

conjoint study, conducted in eight Israeli cities, studied resi- 

dents’ preferences concerning different aspects of their built en- 

vironment—such as distances (walking or driving) to various 

facilities (shopping areas, kindergarten, or work)—their homes 

(size, kind of dwelling, etc.), and their neighborhood (Kato- 

shevski and Timmermans 2001). The outcome of this stage is 

an initial land-use map that serves as the starting spatial con- 

figuration of land use and transportation for the multi-agent 

model. 

In Table 1, the cut-off points refer to the distance range to a 

certain (other) land use, main road, and city center divided 

by six intervals; the range is between 0 to 1250 m. Suitabil- 

ity scores are a score for each distance interval, where 5 is the 

maximum. Weight refers to the weight of each interval, 5 being 

the maximum. Adjacency scores include a bonus or penalty 

for land use to exist in one or more of the eight neighborhood 

cells; 10 is the maximal score. 

 

 

 

 

Table 1: The four scenarios and the parameter settings for developing land uses. 
 

Planning Ideas Setting Parameters 

Cut-off Points Suitability Scores Weight Adjacency Scores 

Recreation City Housing to Recreation: 200m, 400, 600, 

800 

Recreation to Housing:100m, 200, 300, 

400 

A monotonically decreasing function 

of distance 

5 Housing (both kinds) to 

Recreation: 10 

Recreation to Housing-H: 

a score of 10 

Nature City Housing to Nature: 200m, 400, 600, 800 A monotonically decreasing function 

of distance regarding all land uses 

5 Housing to Nature: 5 

Nature to Housing-H: 5 

Nature-Nature: 10 

Mixed-use City Housing-H and Housing-L to Commercial: 

200m, 400, 600, 800 

Commercial to Housing-H: 400m, 600, 

800 

Commercial to Housing-L: 500m, 1000, 

2000 

Industry-H to Industry-H: most preferred 

distance between 100 to 500m 

Industry-H to Industry-H: preferred 500 

to 1000m 

Housing-H and Housing-L to Com- 

mercial: A monotonically decreasing 

function of distance 

Housing-H and Housing-L to 

Industry-H: a decreasing function of 

distance 

Commercial to Housing-H: decreas- 

ing until 800m and zero thereafter 

Industry-H to Housing: a decreasing 

function of distance 

Housing to Industry-H 

and Industry-H to Hous- 

ing: 4 

Housing to Commercial: 5 

Commercial to Housing- 

H: 5 

Commercial to Housing- 

L: 2 

Housing-H to Commer- 

cial and Commercial to 

Housing-H: score of 5 

Separate City Housing-to Housing (all kinds): 100m, 

200, 300, 400, 500 

A decreasing function of distance, 

and zero from 500m and on 

Housing to its same kind: 

5; to the other kind: 2 

Housing-H to Housing- 

H and Housing-L to 

Housing-L: score of 10 
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1. The Recreation City—As this scenario deals with 

the spread of Recreation areas in the city in addi- 

tion to one large Recreation cell cluster, the suit- 

ability parameters are determined so that preferences 

are shown for short distances between the Housing 

and Recreation cells. The cut-off points for Housing 

to Recreation are 200m, 400, 600, 800; the cut-off 

points for Recreation to Housing are 100m, 200, 

300, 400. The suitability scores are presented in a 

decreasing order (5 being the highest score and 1 the 

lowest), supporting the preference for short distanc- 

es between Housing cells and Recreation cells. The 

weight of 5 (the highest score) indicates the impor- 

tance of this setting. Since the suitability scores are 

multiplied by the weight score, these high values for 

closer distances mean that the system will distribute 

land-use cells for Housing and Recreation at a close 

distance. The adjacency scores refer to the bonus or 

penalty if a specific land-use exists in one or more of 

the eight neighboring cells. The highest score in this 

category is 10, indicating a very significant bonus for 

Housing to neighbor Recreation cells and vice versa. 

The total score, including the cut-off points, suitabil- 

ity scores, and weight score as well as the adjacency 

scores, emphasizes the idea of this planning scenario 

which is dealing with spreading Recreational cells in 

a close proximity to Housing cells. 

The next described scenarios were developed based on the set- 

ting parameters presented in Table 1. 

 
2. The Nature City—In this scenario, the parameters 

for the Housing and Nature cells were set such that 

they would support the desired distribution of Na- 

ture cells in the city. A clear preference was set for 

locating Housing cells close to Nature cells and for 

Nature cells to neighbor other Nature cells in order 

to create a Nature polygon(s). 

3. The Mixed-Use City—The idea of this scenario is to 

mix Commercial, Housing, and Industry-H cells. In 

order to do this, the parameters in this scenario were 

set such that a high score was given to Housing and 

Industry-H cells that were located close to Commer- 

cial cells, and vice versa. 

4. The Separate City—In order to create a clear sepa- 

ration between the Housing-H cells area and the  

and Housing-L cells will be close to each other while 

a separation is maintained between these two kinds 

of Housing. 

Based on the suitability parameter settings (shown in Table 1) 

of each planning scenario, the system allocates the required 

land use to cells. This results in a land-use pattern—an outline 

plan. This plan is used as a platform in the current study for 

locating facilities, as noted above. 

6 The city land-use configurations 

 The Recreation City scenario 

 

In the Recreation City scenario (Fig. 2), the Commercial area 

is located in the center of the city. The Recreation cells include 

one main area which is located in the center, attached to the 

Commercial area, and some Recreation cells that are spread 

across the city. In all three scenarios, the isolated Recreation 

cells are distributed around the central part of the city at some 

distance from the center. The Connected City version also in- 

cludes some Nature cells that penetrate into the Housing areas. 

In the Connected City scenario, Housing-L cells encircle the 

Housing-H cells. In all three versions, Industry cells are located 

in the outer area of the city and are divided into a number of 

clusters. Some of these clusters are a mixture of Industry-H and 

Industry-L and some include only one kind of industry. 
 

Basic City Corridor City Connected City 

Figure 2: The Recreation City scenario. Color code: Housing-H is red; 

Housing-L is pink; Industry-H is dark purple; Industry-L is light purple; 

Commercial is blue; Recreation is light green; Nature is dark green. 

 

 The Nature City scenario 

 

In the Nature City scenario (Fig. 3), in the Basic and Corri- 

dor City forms, the Commercial area spreads out from its ba- 

sic central origin and includes some mixed uses by including 

Housing-H and Recreation cells. In addition, some Commer- 

cial cells are spread out in these city forms. On the other hand, 

in the Connected City, the Commercial cells are located in the 

central part of the city and are compact. There is no mixing 

with Housing-H cells. The Basic City version is characterized 

by Industry-L cells that are developed at a relatively large dis-  
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version that includes clusters of Nature cells in the city in addi- 

tion to some separate Nature cells that are distributed through- 

out the area. In the two other options, the city is developed 

into Nature areas and the penetration of Nature cells into the 

Housing areas is limited and includes only a few isolated cells. 

ent areas of the city (Fig. 4b). In comparing the scenarios we 

now replace the original Connected Mixed-Use City scenarios 

with the modified one displayed in Fig. 4b. 

 

 

 

Basic City Corridor City Connected City 

 

Basic City Corridor City Connected City 

Figure 3: The Nature City scenario. The color coding is the same as in Fig. 

2. 

 

 The Mixed-Use City scenario 

 

In the Mixed-Use City scenario (Figs. 4a and 4b), the Con- 

nected City is characterized by a Commercial center concen- 

trated in one area in the city center. In the Basic City and Cor- 

ridor City, the Commercial cells are spread all over the city in 

the form of a main cluster and many individual Commercial 

cells. The Connected City, in contrast to the others, mixes 

Commercial cells and Housing-H cells only in the central part 

of the city. Another characteristic of the Connected City is that 

Commercial cells only mix with Housing-H cells, while in the 

other two city forms the Commercial cells also mix with Hous- 

ing-L and Industry-H. In all three city forms, Industry-H cells 

are spread throughout the city with distinguished focal areas. 

In the Basic and Corridor forms, the focal area is located in the 

center. In each of the three versions there are Industry-H and 

Housing cells that are not located in the main body of the city. 

The difference between the forms in this regard is in the amount 

and the way these cells are distributed. Note that all these dif- 

ferences emerge while the same settings are used for the land- 

use suitability function. As for Industry-L cells, in all versions 

there is a focal area that is separate from Housing. With respect 

to the distribution of the Nature cells, only in the Connected 

City version are there some Nature cells that constitute an en- 

clave in the Housing cell areas. In the other two city forms, the 

Nature cells are situated at the outskirts of the city. The fact that 

the Commercial cells in the Connected City version are not 

spread all over the city and that the mixing of these cells oc- 

curred only in the central part of the city is an interesting result 

in itself (Fig. 4a). However, for the sake of a comparison, this is 

not particularly useful since this would mean that the city 

forms are compared on an unequal basis in terms of mixing. 

Therefore, for the purpose of comparison, we artificially modi- 

fied the land-use map by “planting” Commercial cells in differ- 

The Separate City scenario 

 

In this scenario (Fig. 5), a central Commercial area is developed 

adjacent to a Recreation area in all three city forms. In addition, 

Housing-L is a single cluster and not adjacent to Housing-H 

cells. Industry-H cells are located as two clusters in all forms. In 

the Connected City there are two distinct Housing areas: 

Housing-H and Housing-L; in the other two forms, Housing- 

H is developed as one cluster, while Housing-L cells are devel- 

oped in two or more clusters. In each case they are separated 

from the Housing-H cells. 
 

 

Basic City Corridor City Connected City 

Figure 5: The Separate City scenarios. 

 

 The 12 cities 

 

These developed 12 cities, which differ in terms of land-use 

patterns, provide distinct settings for suppliers to locate their 

facilities and for individuals/households to conduct their daily 

activities. For each one of the city versions, the multi-agent 

model simulates how individuals and households organize 

their activities and travel in these spatial settings. The behav- 
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ior of these individuals and their households generates spatial 

demand. Facility agents respond to this demand. The result 

of this interaction is a co-evolutionary process after conver- 

gence and a city with a particular distribution of facilities. This 

process leads to a creation of nine facility maps for each city 

version. Each map indicates the distribution of a certain type 

of facility (Arentze and Timmermans 2000). Since the focus 

of this study concerns global city implications which emerged 

from these distributions, we confined the discussion below to 

these global aspects. 

 

7 Evaluation of the 12 city plans and 
discussion 

We now analyze the 12 city plans/scenarios on the basis of four 

mobility and accessibility measures: 1) total travel distance per 

day, 2) number of trips per day, 3) number of facilities per dis- 

tance category, and 4) distance to the first- and second-nearest 

facility. The comparison between the 12 scenarios is based on 

the outcomes of the numerical simulations and the synthetic 

population created in the model, which is 10 percent of the 

actual population. 

 

 Mobility: Total travel and number of trips 

 

In terms of the estimated total travel distance, Fig. 6 clearly 

shows that the Connected City is significantly better than all 

other city forms, while the Basic form is the worst. The shortest 

distance among those for the connected scenarios was found 

for the Separate form, followed by the Recreation and Mixed- 

Use forms. 
 

 

Figure 6: Normalized total travel distance per day (including walking, 

bik- ing, and public transportation). It is normalized by a 

characteristic value. 

In the Nature scenario, the effect of the Nature cells being 

spread throughout the city in all three city forms is an increase of 

travel distance. This is because the inner Nature cells cause the 

urban area to be spread out, leading to an increase in route 

length to the different facilities. On the other hand, Nature 

areas may be considered “green lungs” that absorb CO2 emis- 

sions. We currently do not address this aspect here, but it can be 

assumed that such Nature cells do not have a significant 

impact on other emitted pollutants from traffic, such as SOx, 

NOx, and particulate matter (Katoshevski et al. 2010), which 

are regarded as posing a health risk. 

The second indicator is the number of trips made during 

one day. Figure 7 shows the comparison between the various 

scenarios on the basis of the predicted total number of trips in 

the city. As mentioned earlier, this indicator is associated with 

air pollution, because a higher number of trips, with total dis- 

tance remaining constant, reflects a higher level of pollution. 

Ignition (engine-start) of vehicles emits relatively more pollu- 

tion than the amount emitted while traveling and that is with- 

out gaining distance. The figure shows that the lower number 

of trips is generated for the Corridor Separate City, Connected 

Nature City, and Connected Separate City scenarios. Hence, 

combined with the findings of the total travel distance, the 

Connected Separate City scenario seems best in these respects. 

The Basic Recreation City scenario results in the lowest num- 

ber of trips of all three Recreation scenarios, while the other 

Basic scenarios show the opposite behavior. That is, they show 

the largest number of trips relative to all other scenarios. 

It is interesting to note that the Recreation scenario in 

the Basic City form shows the lowest number of trips among 

the scenarios of the Basic City. This fact, combined with the 

findings in Fig. 6, suggests that the Recreation scenario is the 

preferred one within the Basic City form in terms of the two 

indicators for air pollution emission addressed here. In the 

Corridor City form, there is a consistency (between the above 

two indicators) for the Separate scenario; that is, the Separate 

scenario reveals the best results in terms of pollution in the 

Corridor City form. 
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Figure 7: Number of trips per day for each of the scenarios. 

 

 Accessibility: Number of facilities per distance 

category and distance to the first- and second- 

nearest facilities 
 

The accessibility indicators, the number of facilities per distance 

category, and the distance to the nearest facilities are assumed 

to influence the expected welfare of the population. Figure 8 

shows the number of facilities per distance category. It dem- 

onstrates that the larger the distance, the more facilities that 

are available in all cities forms and scenarios. The total number 

of facilities for the two first distances of 500 and 750 meters 

is the highest for the Corridor Recreation City and the Basic 

Separate City scenarios, followed by the Connected Recre- 

ation City and Connected Separate City scenarios respectively. 

Hence, the Connected Separate City scenario once again has 

some relative advantages in the number of facilities in the two 

first distance categories. This result is in line with the former 

findings concerning the advantage of the Connected Separate 

City scenario. 

The Nature scenarios, in all city forms, have the lowest 

number of facilities in the first two distance categories, which 

can be regarded as a disadvantage in terms of the variety of 

facilities offered by the city. The analysis shows that when com- 

paring scenarios, the proportions between the numbers of fa- 

cilities of the three distances categories (where the total number 

of facilities for the three distances represent 100 percent) are 

very similar. The differences are in the order of 2 percent (we 

do not present this as a graph). Thus, the relative distribution 

of facilities in the city is similar for all scenarios. Hence, this in- 

dicator does not differentiate between the scenarios, while the 

absolute number gives a better indication, as described above. 

The Recreation scenario in the Corridor City form, which  

distance categories, also has the shortest distance to the first- 

nearest facility, as is shown in Fig. 9. The same short distance 

to the first-nearest facility is also found for the Recreation sce- 

nario in the Connected City (which was ranked third before). 

In fact, all four scenarios for the Connected City perform well 

according to this indicator. The Recreation Corridor City sce- 

nario is second in terms of distance to the first-nearest facility, 

and the Separate Connected City scenario is third. 

As for distance to the second-nearest facility, displayed in 

Fig. 10, the Basic Separate City scenario has the shorter dis- 

tance. There are no particular advantages to any of the sce- 

narios for the Connected City. It is interesting to note that 

Nature cells within the city have a profound influence in the 

Connected City form when comparing the distances to the 

first- and second-nearest facilities. On one hand, the Nature 

scenario in the Connected City has the shortest distance to the 

first-nearest facility among all Nature scenarios. On the other 

hand, it leads to the largest distance to the second-nearest facil- 

ity in all three city forms. This effect can be attributed to the 

fact that the Nature cells are not distributed homogenously in 

the city and their concentration is larger in the outer areas of 

the city. The Basic Separate City scenario has the shortest total 

distance to the first- and second-nearest facilities, followed by 

the Nature Corridor City, the Recreation Connected City, and 

the Connected Mixed-Use City scenarios respectively. 

We thus conclude that the indicators of travel distance and 

the number of trips enable us to choose a preferable scenario in 

relations to pollution emission levels. The number of facilities 

per distance category, when normalized for each scenario, was 

found to be a non-differentiating performance indicator. The 

absolute number of facilities provided a better way of differen- 

tiating between scenarios and urban forms. The distance to the 

first- and second-nearest facilities also gave a clear indication of 

which city plan was most preferable. 
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Figure 8: Number of outlets (facilities) per distance category. 

 

 
Figure 9: Distance to the first-nearest facility, average in meters. 

 

8 Concluding remarks 

This study examined the possible effects of different planning 

concepts/scenarios on the development of a city as measured in 

terms of a series of performance indicators related to mobility, 

environmental impact, and sustainability. The study is based 

on a planning support system that first generates basic land- 

use configurations that are consistent with planning norms 

and expert knowledge and decisions, and that are related to 

land-use suitability, land-use interdependencies, and user pref- 

erences. Next, a multi-agent model is used to simulate how 

the decisions of interacting and co-evolving agents influence 

the dynamic development of the city, starting from basic urban 

forms and planning scenarios. The features of these emerging 

configurations of land use and associated activity-travel pat- 

terns are then captured in terms of the performance indicators, 

which allow planners to gain insight into which urban forms 

and scenarios are most likely to generate a sustainable develop- 

ment. 

The study, although theoretical in nature, is based on data 

about people’s housing preferences, an agent-based model of 

daily activity patterns, and location choice behavior. Since the 

system has many parameters, it is clear that the generated out- 

comes are sensitive to parameter settings. On the other hand, 

it should also be emphasized that the conjoint model of hous- 

ing preferences and the activity-based travel demand model 

have been calibrated on empirical data. To the extent that these 

models capture underlying utilities and selection mechanisms, 

the results can be generalized in a global sense. Detailed statis- 

tics, of course, depend on the specific configurations of land 

use. Rather than using more or less abstract city forms, it will 

be evident that a concrete city can be used as input. In that 

case, the agent-based models will simulate exogenous dynamics 

of the urban system. 

Keeping these in mind, the substantive results of this 

study suggest that based on the performance indicators that 

were selected, the Corridor and Connected City scenarios per- 

formed best from among the different 12 scenarios. Thus, if 

the goals of planning are to reduce emissions (generated by 

traffic), while maintaining relatively good accessibility to fa- 

cilities, these urban forms (of those considered in the study), 

should be the target. If the choice were the Connected City, 

the Separate City scenario seems to offer several advantages. 

Since several separated housing areas are surrounded by facili- 

ties, activity-travel patterns are characterized by relatively lower 

total travel distances and shorter distances to facilities, resulting 

in reduced emissions and higher social welfare and leading to 

better quality of life. 



  

 

Industrial Engineering Journal 

ISSN: 0970-2555   

Volume : 51, Issue 04, April : 2022 
 

UGC CARE Group-1                                                                                  255 
 
 

Finally, we should emphasize that these conclusions re- 

late to the urban forms and scenarios considered. For example, 

multi-nuclei forms may influence the ranking results. Future 

research should therefore examine other forms. 
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