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Abstract: Japanese cities have begun to lose their population, a phenomenon of 
matured capitalistic societies. If we left alone without policy intervention the cities will 
show „urban-porosis‟ (named after medical word “osteoporosis” ).  

We make two multi-agents simulation (MAS) models by Artisoc. The first model 
simulates a 177 square kilometer region in the eastern part of Osaka, Japan, the 
Kitakawachi region, in 2100 without policy intervention (Simulation 1) and the other is 
with policy intervention (Simulation 2). Simulation 2 operates under the hypotheses: 
(i) People do not like to live in a porous area and at the limit ratio of vacant houses in 
a neighborhood, will want to move and begin to look for a high population density 
area to spend their lives. People's moves accelerate the neighborhood‟s porosity. (ii) 
When we plan high-density residential development through policy intervention, we 
can collect areas from a present porous neighborhood for agriculture land that will 
succeed to assist in regenerate the region and create sustainability in food. 

Keywords: urban-porosis, sustainability, Artisoc, GIS, ecological footprint, 
multi-agents simulation, Kitakawachi region  

1. PROLOGUE 

Japanese cities have begun to lose population, a phenomenon of matured capitalistic 
societies. If left alone without policy intervention the cities will show an increase in  
vacant houses and unused sites resulting in the loss of a sense of community in 
neighborhoods. We call such phenomena as „urban-porosis‟ (named after medical 
word “osteoporosis”) . 
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Neighborhoods are products of human decisions and influenced by numerous 
complex factors. Some factors are controllable through political inducement while 
others seem beyond control. This paper studies a fundamental factor of land use for 
making a sustainable life style via a food footprint. For this study we refer to the 
Kitakawachi region, which consists of 7 cities located in the eastern part of Osaka 
prefecture.   
 
Using a sample of U.S. metropolitan areas G. C. Galster et al. investigated the 
threshold-like effects of four aspects of neighborhood environment; poverty rate, 
adult nonemployment rate, female headship rate for families with children, secondary 
school dropout rate. They found evidence of threshold-like effects in endodynamic 
relations and exodynamic relations in neighborhood quality of family life from 1980 to 
1990. (Galster, 2007) 
 
Y. Chen et al. applied multi-agents simulation (MAS) to test Galster‟s threshold 
theory with real world data and partially validity the use of threshold-like effects 
analysis but could not validate the predictive value of occupancy rate of 
neighborhood. (Chen, 2007)  
 
Galster and Chen are investigating factors that contribute to neighborhood change 
and attempt to explain the relationships that caused changes in the past for future 
prediction based on the relationship between parameters. Our study focuses on how 
we can affect positive change on a neighborhood by using MAS based on only one 
parameter, land vacancy due to a decreasing birth rate. These neighborhoods 
located in KitaKawachi, are not typically distressed neighborhoods in a western 
sense of decay revolving around poverty and social ills, its predicted plunge in 
occupancy rate over the next 100 years is based on an aging society. We need to 
study how urban policies will deal with this type of population in reduction. 
 
In Kitakawachi region the present population is c.1,200,000 and it will be c. 300,000 
in 2100, if we keep the present fertility rate (TFR) of each city like Table 1 even 
though the trend of TFR is declining. This change in each city is shown as the left to 
the right in Figure 1, namely 3D illustration of the demographic declining trend of 
Kitakawachi region from 2000 to 2100 in which height of columns shows population  
 

Table 1: Total fertility ratio of 7 cities in Kitakawachi region 

City Total fertility ratio of 2000  

Moriguchi 1.27 

Hirakata  1.24 

Katano 1.34 

Daito 1.48 

Sijonawate 1.44 

Neyagawa 1.33 

Kadoma 1.40 
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Figure 3 Demographic change of Kitakawachi region (from left: 2100 to right: 2015) 

Figure 3 Population distribution according to minimum political units in 2100  

Figure 2 Population distribution according to minimum political units in 2000  

Figure 1 Demographic change of Kitakawachi region (from left: 2000 to right: 2100) 
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number. Figure 2 and Figure 3 show the population trend by columns standing at 
each geometrical center of Cho district which is a minimum political unit. This means 
lots of houses will become vacant and lots of sites will become vacant land, if we 
demolish vacant houses. This presents the opportunity, as well as necessity, to 
rearrange land use based on a sustainable life environment policy via a regional 
planning viewpoint. 

2. THE INTERACTION BETWEEN THE AREA AND ITS ENVIRONMENT 

In 1969 Forrester shows Figure 4i to illustrate the urban area in its limitless 
environment and says: 

The figure suggests an urban area in a limitless environment. The area 
communicates with the environment but does not alter it. People from the outside 
come into the area and leave it without affecting the outside. (Forrester, 1969, p.15)  

Forrester emphasizes in his model building that the urban area can be taken as a 
living system that communicates with an environment it does not substantially 
influence because of his assumption that any one area is small enough in the world 
setting not to affect the outside environment. Meadows et al. have made clear that 
there are limits to growth by extending Forrester‟s urban dynamics to the world model 
whose diagram is shown like Figure 4 j.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

If we can abstract Forrester‟s Figure 4j like Figure 5k which has no arrow to go out 
from the circle, then, Figure 4j by Meadows et al. can be abstract to Figure 5l which 
shows no arrows existing from the earth. We can then conclude that the earth is a 
closed system in materials except in thermal energy. In this diagram the boundary of 

i: urban dynamics diagram by Forrester    j: world model diagram by Meadows et al. 

Figure 4 Two diagrams of the targeted area and its environment 

k: the area boundary with the limitless environment         l: the area boundary as 
the same as the limit of environment 

Figure 5 Abstraction of diagrams 

k: the area boundary with the limitless environment         l: the area boundary as 
the same as the limit of environment 

Figure 5 Abstraction of diagrams 
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the area is enlarged to the earth and the area has no effect to the outer environment, 
namely the universe.  

In Japan, CASBEE (Comprehensive Assessment System for Building Environmental 
Efficiency) is used to evaluate the environmental performance of buildings. How to 
limit targeted buildings is shown in the following the diagram (Figure 6) (Welcome to 
CASBEE website!). Here we can see the hypothetical boundary, inside building 
environmental quality of performance and outside building environmental loadings. It 
is the same concept in case of the urban area assessment. 

 

 

 

 

 

 

 

 

 

 

 

 

But there is no feedback from the environment explicitly or the change of the outer 
environment by buildings is not considered in this tool‟s conception.  

We present Figure 7f-h to make clear the interaction of an area with its environment. 
The solid circle is the targeted area. Arrows into the targeted area show the effects 
from the environment and arrows from the targeted area show effects of activities in 
the area to its environment (Figure 7f). Figure 7g shows the reciprocal effects of the 
target and its environment. Overlapped circles of Figure 7h show the culmination of 
reciprocal effects between the targeted area and its environment. 

 

.  

 

 

 

 

If we use multi-agents simulation model we can consider such reciprocal interaction 
process in the regional planning.  

  f                      g                         h 

Figure 7  The interaction of area activities with their environment 

Figure 6 Diagram of How to think Objects to be assessed in CASBEE 
(Comprehensive Assessment System for Building Environmental 
Efficiency) 
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3. ENVIRONMENTAL DESIGN HYPOTHESIS IN THE ERA OF ENVIRONMENT 

We think of environmental design as the design in the era of environment awareness. 
In the era of environment we must process affairs by making their limits clear (the 
first condition) like Meadows et al. and in addition to it we must realize the position of 
ourselves as a planner or a designer because we are already in the environment. We 
are not independent from the environment. Our activities as a planner or a designer 
have effects in the targeted area and its environment. In order to explain this we 
articulate the environmental design with five phases like this: 

Phase1: non-articulated whole -> Phase2: sample -> Phase3: model -> Phase4: 
design -> Phase5: let nature do 

Explanatory diagrams is like Figure 8a to 8e.  

 

 

 

 

 

 

 

Phase1: Non-articulated whole 

Figure 8a shows the environment before the articulation of order and disorder, with a 
field similar to white noise. It may be considered as nature without human 
intervention. 

Phase2: Sample 

Samples are separated from the environment but the linkage with the environment is 
so strong that, it is mistaken to apply the knowledge of a certain environment to 
different environments. The broken lined circle shows this linkage with the 
environment. For example collected Insects are formulated under their environment, 
so they are letters from the environment. It is important information when and where 
they are collected.  

Phase3: Model 

If we make the linkage weak, then things called samples become models. They are 
abstracted from the environment. Because of cutting off from the environment it is 
easy to operate them, a solid lined circle show this. The so-called scientific method is 
to do like this. If we make the pseudo environment like a laboratory, then we can get 
the same results of scientific experiments anywhere and any time.  

A model has characters of norm and operation and in the case of logic if we can 
make a model of a certain formal system, it shows consistency of the formal system.  

Phase4: Design  

a: Phase1     b: Phase2       c: Phase3      d: Phase4    e: Phase5 

Figure 8 Five phases of environmental design 
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We can make many models corresponding to a formal system, so we must select   
one of them which best fits to the design object and put it or release it in the 
environment and watch how well it works. The # form in Figure 8d shows the revival 
of linkage with the environment.  

Phase5: Let nature do 

From phase 1 to phase 4 the human imaginative power is the initiative, namely all 
affairs are processed rationally. At this point we must consider systems in nature 
where matters develop rationally and irrationally. An example to show the inherit 
power of nature beyond human‟s rational imaginary power is Figure 9, a sealed jar 
with a plant, 200cc water and soil named the environmental globe jar (Figure 9 left) 
which is as the same mechanism as the so-called Wardian case. The name comes 
from that if it is put in a sunny place and the temperature inside may rise up, then the 
plant will die. But if nature can devise a way to balance the environment, then life can 
thrive. The room where we have put it is environmentally acceptable because the 
plant survives more than 820 days without supply of any water after sealing (Figure 9 
right). This means there is a thermo dynamical balance in the jar and outside the jar.  

On January 18, 2007, about 100 days after sealing, we noticed that white thin roots 
projected from the stem into the air to absorb moisture directly from the air. We had 
worried about the lack of water in the soil because water drops were on the upper 
inside glass wall of the jar but there was no down stream into soils. The plant has 
managed by itself how to get water from the air without help by us. 

 

 

 

 

 

 

 

 

 

 

We call these 5 phases the environmental design hypothesis. The fifth phase is the 
very special one. The validity of it is not proved here by us but instead we raise the 
name of the late Mr. M. Fukuoka who published “One Straw Revolution” and is the 
founder of Natural Farming based on principles of no till, no manure and no pesticide. 

4. TARGETED LIFE STYLE ON ONE EARTH 

For the regeneration of a region to be sustainable all people must create a   
sustainable lifestyle. We postulate sustainable life as on one earth in the ecological 
footprint value.  

Figure 9 Environmental Globe Jar (left: sealed in 15/10/2006  right: 4/2/2009, 820 days 
after sealed) 
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The image of a sustainable life style becomes more effective by selected options of 
the Ecological Footprint Quiz Item. By Dholakia et al. locally grown food decreases 
the energy on transportation of food from harvest to market and minimize our food 
footprint (Dholaika, 2009). This depends upon how to raise self-supplying food in 
Kitakawachi region. Also, living with many people in small, multistory apartments 
minimizes the housing footprint. 

In order to supply foods to 300,000 people we need 60 square km of agriculture land 
to harvest. The present land use is presented in Table 2 (Shrestha 2004).  “Others” 
includes dam, sandy place, pools, river bank lands and ground. “Remaining lands” 
includes lands that do not fall in other categories. From Table 2 we can extract, for 
the moment roughly, 60 square km of lands for agriculture like Table 3 according to 
the demographic trend. 

Table 2: The present land use in Kitakawachi region 

Land use category Square kilometer 

Forest 25.51 

Water bodies 5.12 

Roads and Railways 23.14 

Houses 33.14 

Green 12.23 

Others 5.05 

Remaining lands 73.42 

SUM 177.61 

 

Table 3: Conversion of land use to agriculture in Kitakawachi region 

Land use category Square kilometer 

From Houses 23 

From Remaining lands 37 

SUM 60 

If a community looses people and stores, then people will want to move to a more 
convenient location. From the city management point of view, a city does not want a 
community to be scattered but to be more compact for the efficiency of public 
services. From a land use view point it is also better for a vacant area to be large 
than to consist of small scattered plots. It is necessary to collect vacant and 
vacant-to-be sites and to make one large area for agriculture use by inducing policies 
to the region to approach a self sufficiency ratio for food. 

For the attitude of people we refer to our survey on emotional affection, which we 
undertook in the eastern part of Daito City in Kitakawachi (Taniguchi, 2008). People 
living there for more than 20 years enumerate reasons for emotional attachment to 
their area and the results are shown in Table 4, we add the operability by regional 
planning. Within Table 4 the one reason that we can control by regional planning is “4. 
Convenient to live.” Namely, as neighborhoods become porous, if we plan certain 
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areas and create the opportunity for a convenient lifestyle, including people to move 
in close proximity to each other, we can then collect areas for agriculture land. 

Table 4: Emotional affection factors and operability by planning 

Factor Operability 

1. Living long Low 

2. Having memories Low 

3. Having friends Middle 

4. Convenient to live High 

5. Good atmosphere Middle 

6. Experience of nature and 
greenery 

Middle 

5. SIMMULATION MODEL OF SITE COLLECTING 

It is said that in order for people to change a way of life to the sustainable one there 
need 6 steps (Takami, 2006); 

i ) Giving people knowledge about the environment. 

ii) People‟s understanding of the importance of the environment. 

iii) Responsibility of each people for the environment. 

iv) Giving people alternatives, one is to do nothing and stay the course of an oil 
dependent life and another is to do for the environment. 

v ) Giving people incentives to change the way of life to the environment. 

vi) Giving ethical significance for keeping a good environment. 

As far as the regional plan to target regeneration to a sustainable region is concerned, 
it takes many years to realize after agreement is reached among inhabitants, cities 
and companies. The agreement process takes much years too and it may be 
necessary to monitor the actual activities in the region and to compare data with 
planned one.  

On the way to implementing the agreement simulation results give stakeholders in 
the region knowledge of the present and future region and make understand 
dynamics of the region. Then they notice the responsibility to the regeneration 
through the regional development. The simulation results are also helpful for people 
to select alternative plans. 

Table 5 shows the declining of population in the Kitakawachi region. It is said in 
sociology that if the ratio of 65 years old<=people is more than 40% of total 
population, the area is a critical status for spending life in the urbanized region.  

The outline of the simulation runs like this: 

 1. Generating agents of certain numbers 

 2. Give each cell a certain probability of decay (Criterion 1 in Table 2). If the cell is a 
house, then it will be vacant and if it is a site, it will be an empty land and so on. 
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 3. If a cell continues, then the cell searches its neighborhood and counts vacant 
cells. 

 4. If the ratio of vacant cells is more than Criterion 2 in Table 6, then the cell tries to 
move to a vacant cell which is the ratio of vacant cells around it is less than a 
Criterion 2, namely its neighborhood has more occupied cells. 

 5. If the ratio of vacant cells is more than Criterion 2, then a next vacant cell is 
searched. 

 6. If the remaining total cells are not less than 1/3 of initial total number , then the 
simulation continues, namely go to 2, until the end condition is satisfied. 

We use Artisoc as a simulation language (Artisoc). A cell means a site, house or the 
political smallest district depending upon a context. It is the so-called agent. First we 
see what will happen if people move to anywhere from the place where they don‟t 
like to live because of inconvenient condition.  

Table 5: Demographic declining in Kitakawachi region 

Year Total >=65 years old people(%) 

2000 1,202,287 153,759 (12.8%) 

2020 1,055,634 294,811 (27.9%) 

2040 801,734 274,185 (34.2%) 

2060 572,213 201,191 (35.2%) 

2080 403,147 148,284 (36.8%) 

2100 284,932 103,299 (36.3%) 

 

5.1 Parameters of the simulation model 

We make two elementary multi-agents simulation models. One simulates the state of 
the Kitakawachi region without any policy invention and the other is with policy 
invention. Models simulate the relation between micro motives of people and macro 
behavior of cities. 

Table 6: Parameters of simulations 

Parameter Simulation 1 Simulation 2 

Criterion 1: decaying trend 1/100 1/100 

Number of cells 625 625 

The size of searching range 

( the range is Moor neighborhood) 

No 24 cells 

Criterion 2: critical ratio of moving non 1/8 vacant cells 

5.2 Simulation tests 

Fig10 shows the initial state (left) and the final state (right) of simulation tests. The 
upper row (10-1, 10-2) is with no moving. The lower row (10-3, 10-4) is with moving. 
The final state condition is whether remaining agents are less than 1/3 of the initial 
agent number. Figure 11 shows the legend of all figures below.  
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5.3 Simulation 2: with moving to a planned area 

We give the constraint which an agent moves to the meshed planned cells. Figure 12 

Figure 10 Simulation tests 

10-1 10-2 

10-3 
10-4 

Figure 11 Legend of simulations 

10-1 10-2 

10-4 
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shows the final state under the constraint. There remain cells with a white 
background which are keeping their initial position. 

The number of houses in the Kitakawachi region is approximately 400,000 at present 
and will reduce to approximately 100,000 in 2100. Instead of manipulating these 
numbers, we make 500 m mesh model which has 625 cells, roughly corresponding to 
the area of Kitakawachi region, namely 177 square kilometer (Simulation 2.)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.4 Policy making based on Simulation 2 results 

When to start policy-making is a problem, policy making steps are listed below.  

1. Monitoring of the urban-porosis and its expanding speed. 

2. Planning of the area for people to live compactly along present railway 
stations. 

3. Promoting the motive of moving to the planned area in order to spend more 
convenient life. 

4. The forced movement of people to make large agricultural lands for the 
sustainability in food. 

It may be necessary to make a certain policy around 2050 when the situation will be 
like Figure 13. 

In the study we target the collection of lands for agricultural use. There may be an 
alternative way, namely each empty land is turned into a harvest field there. In this 
case it means people live without being compact. The life style with scattered houses 
may be far from low ecological foot print value so it is not sustainable. 

Figure 12 The final state of Simulation 2 ( for the legend see 
Figure 11) 
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The demographic trend comes from the trend of TRF. At the present people may 
know TRF trend is declining, but it is difficult to imagine what will happen in the future 
of the region and how it is in reality. 

The Japanese government has decided national spatial planning of Japan for the 
next 10 years starting in July forth, 2008. Under a declining demographic trend, there 
is no landscape in future. Details must be figured out in cooperated local 
governments. 

 

 

 

 

 

 

 

 

 

 

EPILOGUE 

To change Kitakawachi to a sustainable one is a big and complicated subject. From a 
regional planning viewpoint, as a first and necessary step we‟ve drawn a future 
sustainable image of Kitakawachi (Taniguchi et al. 2007), namely the landscape in 
2100 A.D.. Multi-agents simulation model is a helpful tool for planners to present the 
road map to such an image with or without policy intervention. The study shows the 
feasibility to open more operational ways to emerging alternatives, reflecting vague 
and variable situations as simulation parameters. In the future, simulations may 
include psychological models of inhabitants or acculturation process of the 
contemporary civilization. The expansion of urban-porosis sounds to be negative, but 
we must take it as an opportunity to promote to post-oil civilization.  
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