2 0 5 0 FEDAO#EHIRET T70.0%Ic 52D WEDFFOR TR ELEKITS
&EHig13109.3%ITIBZTLEVLE T,
While the estimated population of Nagaoka for 2050 is 70.0%, if we continue
current ways of operating the city, its size will increase to 109.3%.

BiRREZTDEDERRDOCOFHEELER XM ET RSN G EZETSHE.
RROEBHEDEREFZLIHREDIV NI ME (Z10F)F) BIRENTY,
If we comprehensively evaluate CO2 emissions and construction costs during the
reorganization period and subsequent operation period, an intermediary
amount of compaction leaving the current framework of the city intact
(Polycentric Scenario) is most realistic.

IBREHEERRICLIEHETE BHOI NI MEILES>T BHICHITZLFED

COEHE%. 6.1%~14.7%DHIED TEE T,
In calculations based on the old city of Nagaoka, compaction can reduce CO:
emissions from all urban activities by 6.1 ~ 14.7%.
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1. AVINIF T2 DCOBFEFNRITZ?

What is the CO2 reduction effect of a compact city?

BATIEO VNI TAIRARDEHTBERTHAH.ZD
COMIBINRIEEDTREDELDEADH?
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In Japan, the compact city is a popular urban policy, but to what
extent is its CO2 reduction?

The compact city is a sustainable urban form that began in the
West. Even in Japan, however, with its sprawling suburbs that
have grown alongside the spread of the family car and with the
loss of vitality from the central downtown districts, it has been ac-
cepted as a means of revitalizing central downtown districts and
reducing CO2 emissions. Furthermore, in conjunction with the
decline in municipal tax revenues due to the decreasing popula-
tion, the need for shrinking the urban district is being called for,
even from the perspective of reducing the maintenance costs of
urban facilities. With such a background, many municipalities in
Japan are beginning to raise the compact city as its future urban
model.

However, even while the idea of compacting the city has de-
manded a great deal of change in the existing urban structure, it
has not been raised for debate among the people, and has only
been discussed among experts. Yet, judging from the severity
of its impact, it should merit the same amount of debate as con-
sumer taxes.

While we often hear the claim that a compact city is effective in
reducing CO2 emissions, a quantitative evaluation isn't always
made. At the same time, while the effect of compacting a city
encompasses a variety of issues from the reconstruction of build-
ings to the renewal/maintenance of infrastructure, prior research
focuses on evaluations limited to the researchers’ field of exper-
tise, and almost none attempt an overall evaluation.

This research attempts a quantitative investigation of the reduc-
tion of CO2 emissions through compacting, and forms a large
part of the fibercity research.

Compact city policies in Japan
The following are the main cities in Japan where the municipali-
ties adopt the compact city idea:

« Aomori City (population 30,000)/ Urban-planning Master Plan
(1999)

« Fukui City (population 25,500)/ Urban master plan (2000)

« Kobe City (population 1,493,000)/ Compact City and Compact
Town Plan (1999)

@AM (AO1493AAN) AV b FTaEaV NI -

2 1818(199945F)
- 2IR™ (ANO45.6 5 AN) S@EHEE TV /NI b T4
(20014)

-ERRIER82000 (AE1205.973 A) (20004F)

e EASE (AC100.875A) (19984%)

B AO4 AN VI b T EERIC KB COH)
AETE  (2005%F)
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HY.COHEEDHIREZEEZEELLTWEWL, LT
BEBAFIROOAVINT N T EEREBIT COBEEEH|
BERELTRE DT TV BTV /T M T BBRICK
BCOHBETE Tk, O /N7 M D<K E&RERFID
COBEHE R 2030£E1TI1X2010EMD30%HiFE I3 EEA BT
TW3, VNI b T1Ic L BCOHEH ERIBBRITISEIC
FBCOHEEETOASATDHED 2 DDEBREHLNETHS
DHEFRRTHY. T AHRBOEFEDBIETHH TNSCO:
BEHEICT DL TIE ZEERICANS N TULIR W, BEEYIEERR
THCOHHERHIRFTEIXEZL TN TULBH. ZNUAD
COHBINRIT DN TN SN TR,
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BOREDD GV TEIRAGE I XEMEEALYY
WA EHZ OV I\ MCT BT dDICEESREBDRELNELE

« Kanazawa City (population 456,000)/ Transportation Plan and
the Compact City (2001)

+ Tokyo Plan 2000 (population 12,059,000) (2000)

« Sendai City Plan (population 1,008,000) (1998)

- Toyama City (population 410,000)/ Eco-Model City Action Plan
of Toyama. CO2 reduction through the compact city strategy

Aomori City adopts a donut-shaped compact city strategy. For
Aomori City, the main purpose is to “compact the distance for
clearing the snow,” and does not quantify CO2 reduction goals.
Toyama City embraces the “dango (dumplings) on a stick”-shaped
compact city strategy, as a policy to reduce carbon dioxide. In the
“Eco-Model City Action Plan of Toyama- CO2 reduction through
the compact city strategy,” the goal has been set to reduce CO2
emissions in the transportation sector by 30% of what it was in
2010 by the year 2030, through compact town planning. Current-
ly, there are two main factors in policies to reduce CO2 emissions
through the compact city: CO2 emissions through transportation
and the endorsement of an eco-lifestyle. However, CO2 emissions
during the maintenance of public transportation have not been
put into consideration. Even in waste disposal facilities, plans for
reduction in CO2 emission have been quantified, but other CO2
reduction effects have not been mentioned.

The effects of compacting

What does a reduction in CO2 emissions depend on? — Let us
organize what it entails.

The first effect of compacting depends on the fact that, due to
the shrinkage of the city and heightening of population density,
the total transportation distance in the city decreases. Increasing
the density of the city will increase the number of places in walk-
ing distance, heighten the efficiency of public transportation and
make it easier to maintain, and thereby create a city where there
would be no need for a family car. A smaller and more highly
dense city will reduce maintenance and repair costs of utilities
like roads, gas, water, and electricity. The transportation energy
for these will also decrease. The destruction of nature through
the expansion of urban development into the suburbs can also
be reduced. Because mass housing can incorporate more eco-
friendly technology, in addition to less heat escaping it as com-
pared to single family homes, the demand for mass housing in
order to compact the city will rise. These effects will all connect
to reduction in CO2 emissions.

The effect of compacting will not be restricted to reduction of
CO2 emissions. In developed countries with an advancing aging
society, it will heighten the efficiency of care-giving. The auto-
mobile society that we depend upon in modern society, while

3
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convenient, not only makes car accidents unavoidable, but also
traps people inside of cars, decreasing the opportunity for peo-
ple to meet. Compacting is expected to offer an escape from
overdependence on the automobile.

The effects of CO2 reduction through compacting can be likened
to the image of a family who used to ride in a large car with a
high level of exhaust changing to a compact car. All the better if
this compact car is an eco-friendly car. However, while there are
no special costs if the compact car is bought after the large car
breaks down, if it is bought while the large car is still function-
ing, CO2 emissions equal to the unamortized costs of the car will
ensue. It is the same with a city. Because the city is currently in
a sprawled state, compacting would necessitate the scrapping of
existing buildings and civil engineering structures, as well as the
construction of new buildings to accept suburban populations
into those areas designated for concentration. Because we can-
not wait for the lifespan of all facilities to be fully expended, CO2
emissions as well as construction costs will ensue from the demo-
lition and new construction.

Why we must project the effects of compacting

If we actually try to realize compactness, it would take many long
years. It is extremely difficult to accurately predict the CO2 emit-
ted during the entire process of reorganizing the city over such a
long period of time. We would need to predict what kind of low
carbon technology would develop in the future and what kind of
lifestyles people would be leading. However, on the other hand,
compaction is a large-scale business that involves negating the
modern city that people have assiduously built over the years
and remaking it. Since quite a few municipalities have, in reality,
adopted such a policy that would require a reversal of the course
of the city, simply progressing with qualitative evaluations causes
us some amount of concern. It is now time to at least attempt a
comprehensive scientific evaluation, even if it may be low in pre-
cision. In any case we should change the course of the city with
some sort of scientific background.

2. #WHOIAVNIMEREIFIFTHEITNETHS

The compaction of a city should be evaluated with a scenario
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What will decrease CO2 emissions?

If we are to calculate the effects of CO2 reduction through com-
paction, what factors should be considered?

If we aim for a comprehensive grasp of CO2 emissions from urban
renewal stretching over a long period of time, we would need
to consider various factors and it would be extremely difficult to
obtain simple and universal calculation results. Thus, here we
adopted an evaluation method using scenarios. A scenario fo-
cuses on a particular city and sets what its future would be like,
recording how much time it would take and what steps should
be taken to reach it. Simply said, it’s a future image with a road
map. The approach of traditional modernism involves first wip-
ing the slate of the real “problem-encrusted” city clean, then mak-
ing an ideal city there anew. However, neither is the city that we
live in today so poor that we'd have to wipe it out completely, nor
are we rich enough to accomplish such a large-scale feat. In our
constantly changing current city, what we can actually do is to
repeatedly make decisions to change what needs to be changed
and keep what should be kept, in order to move towards our
ideal. Thus, the scenarios should be made to fit each city and the
evaluation must also suit the scenario.

The scenario must include three points - the current state of the
target city, the goal to be achieved, and the period of time need-
ed for the reorganization. Thus the possible number of scenarios
is infinite, and while we must predict various factors in the devel-
opment of such scenarios, we set simplified scenarios limited to
the purpose of confirming the carbon dioxide reduction possible
through compaction.

Setting specific cities as the subject

First, the target city of our research was set as the city of Nagaoka.
Nagaoka has a population of approximately 280,000 and is a rep-
resentative mid-sized city in Japan. It has a population structure
close to the average in Japan, with an urban form relatively high
in isolation. The target of our analysis and proposal was thus set
as the former area of Nagaoka before the Heisei merger (with a
population of approximately 190,000).
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Time Scenario

We first set the amount of time necessary for the reorganization.
Because the lifespan of individual facilities were taken into con-
sideration in the investigation we have conducted here, the pro-
portion of buildings requiring renewal would change based on
the length of reorganization time. As a result the reorganization
time would greatly influence CO2 emissions as well as cost.

Here we have set the reorganization time as a period of 40 years.
While CO2 emissions resulting from reorganization would de-
crease the longer the reorganization period is set to be, a goal set
much too far into the future would cause doubt as to its ability to
be realized. 40 years is close to the period of 38 years; in nation-
wide statistics, this is the average number of years for a 50% prob-
ability of a wood constructed home to remain standing. In other
words, most of the wood constructed homes currently standing
will reach the end of their lifespan over the next 40 years. And
because these homes can be moved to a new urban district when
it is to be reconstructed, there would be no new burden placed
upon the residents due to this policy. At the same time, it is also
significant that a survey at a housing exhibit in Nagaoka showed
the difference between the average home-owning age (41.39
years) and the average life expectancy of men and women (82.04
years) to be 41.01 years. In other words, for those thinking about
owning a home at the beginning of the reorganization period, it
is the shortest amount of time for them to become actively in-
volved in the policy and to see the goal through to its realization.
Finally, the Japanese government, after receiving the fourth IPCC
reportin 2007, announced at the Toyako Summit in 2008 that the
year “2050"” would be its goal for reducing CO2 emissions. This is
also a good reason for setting the reorganization period to be
between 2010 and 2050.

This research is founded on the basic awareness that the city can
realize its function by constantly continuing upkeep and renew-
al activities. All facilities need some sort of daily maintenance,
and each has its own life expectancy. Once its life expectancy is
reached, it must be rebuilt. Life expectancy is set not only based
on physical performance levels, but also socially as well. With this
awareness in mind, in each scenario, the population is expected
to continue decreasing and reorganization is expected to con-
tinue moving towards its goal during the 40 year period of reor-
ganizing the city - this was deemed the “reorganization period.”
On the other hand, in the analysis, the city form, once reorganiza-
tion is complete, is hypothesized to maintain its state for a certain
period of time - this was deemed the “operation period.” In other
words, during the operation period, neither the population nor
the city form would experience any change. This is the content
of our time scenario.
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Spatial Scenarios

Let us now more on to the spatial scenarios. First we projected
the change in population over the 40 year reorganization period
as a prerequisite to setting the target image of the city. Next we
set three spatial scenarios as the targeted images of the city. The
first spatial scenario, named the “Market Scenario,” depicted the
case for an expansion of the urban district without compaction,
following market principles as it does currently. The second sce-
nario was called the “Monocentric Scenario,” wherein the current
central district would be further concentrated, and the last was
called the “Polycentric Scenario,” wherein a few centers, based
on the already multi-polarized current urban structure, would be
further concentrated.

Population Prediction

The population of the city of Nagaoka in 2050 was predicted us-
ing a cohort method between the population estimate includ-
ing movement in the population (Estimated Population) and an
estimate that does not account for movement between regions
(Closed Population). The Estimated Population of the former
(pre-merger) city of Nagaoka in 2050 is 68.9% compared to 2010,
and the Closed Population is 78.1%. Because the movement of
people between regions depends on the attractiveness of the
city, in our research, we decided to use 70.0% as the change in
population during the reorganization period, in other words the
ratio between the population in 2010 (the start of the reorgani-
zation period) and 2050 (the completion of the reorganization
period). So set, the population 2050 would be approximately
130,000.
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Market Scenario

The urban area of the former (pre-merger) city of Nagaoka is
47,008,418 m? (measured from Zenrin Residential Maps), with an
annual increase of 109,598 m2. (The average development per-
mitted area in the urbanization control regions between 2003
<Heisei 15> and 2007 <Heisei 19>. After the municipal merger
in 2006 <Heisei 18>, it was determined based on the pro-rata
area of the Nagaoka City Planning Area and the Tochio City Plan-
ning Area.) In this scenario, developers develop new residential
districts and youth who want to buy new land purchase newly
developed residential plots without regard to the decreasing
population. If we hypothesize the city to continue sprawling as
it has been heretofore, the residential area 40 years from now, in
2050, would increase to 51,392,338 m?, 109.3% of what it is today.
On the other hand, because the population was hypothesized to
decrease to 70.0%, 39.3% of residential districts would be vacant
homes or empty plots. The Market Scenario is a scenario in which
the urban district would become hollow, and is the most likely fu-
ture image of Japanese cities if current policies continue. In this
scenario, it was assumed that, for new construction, the number
of floors and the ratios of housing type and structure would con-
tinue the same trend as that from 2001 to 2010. (According to
the fixed assets ledger, for homes constructed between 2001 and
2010, the ratio of total floor area for single family homes: residen-
tial complexes was 84.3 : 15.7.) It was also hypothesized that for
the amount of increase in residential districts, urban utilities such
as roads and sewage systems would also increase at the same
rate and agricultural land would decrease.
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Fig. 1: The image of Market Scenario



BooFux

B F A BMEEESELTERRIFIAV /TR
TEBEHEITERI T IFTTH S %% TEDEHR
HREVWREREFUDR - RHXZ 0L LRFERDSF
Z1.5km, FROFEHE D S5FE1.0kmIc T N TOEHES
EERERDEMETH D, COEETAIBIGEZRET
Tl LIcERn (—ERHEE) Z R/ kohite LTREY
BE HHEMERAIFY,522,923m &R IREDHEMERD
20.2%& 5%, TR T HEEIF I NTHREEFELLEZLE2050
FILHBFBAO8 1 3HAZNBTELGWV HAFEZSD
TEMIINTR CELLGD REDHZME DT OREN
W2 9% ZEZDEEET HE BT TIT7 6B TICT 20
ENH D,

Monocentric Scenario

The Monocentric Scenario is a spatial scenario that denies subur-
ban residential districts and strives to compact the city as much
as possible. Its spatial image involves concentrating urban activi-
ties centering on Nagaoka Station and the Senshugahara/Sakai
Districts, with the largest concentration of commercial/business/
residential functions — at a 1.5km radius from Nagaoka Station
and a 1.0km radius from the Senshugahara District. If we assume
the future urban district to be those areas already converted to
residential districts (partially rice paddies), excluding the river-
beds, the urban area would be 9,522,923 m? or 20.2% of what
it is today. All newly constructed homes must be apartment
complexes or the population of 130,000 in 2050 cannot be fully
housed. Of course all buildings including homes would be RC
structures. If we keep the gross building coverage ratio of the
district at its current 22.9%, the buildings in this scenario would
need to be an average of 7.6 stories high.

2B FUAA A=Y
Fig. 2: The image of Monocentric Scenario
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Polycentric Scenario

The Polycentric Scenario acknowledges the current urban frame-
work, sprawled out to some degree, and organizes it into (mul-
tiple) districts that currently display high potential and districts
that connect these centers. Itis a gradual scenario of compaction
that shrinks down recently sprawled out areas with little activity.
The advantage of this scenario is that it does not flatly deny the
urban form of suburbs or current systems like zoning, and by ad-
vancing an intermediate reorganization plan, it utilizes already
developed, high-quality districts or residential areas and avoids
wasteful scrap and build during reorganization.

A detailed understanding of the current city as well as cautious
analysis is indispensable to determining the districts with high
potential, but here we demonstrate an investigation using a
model that shows our basic ideas.

The polycentric scenario for the image of the city involves an-
other principle. This is the principle of concentrating popula-
tion around public transportation. However, because no public
transportation worthy of consideration exists at present, we have
based this investigation on another one of our projects, a bus
transportation system (project) named the “orange web” (super
bus), and have set the trunk route that composes it as the area for
concentration. (Note: This kind of thinking is called TOD, an idea
that is attracting worldwide attention).

If we summarize the above, we can determine the nucleus of the
future urban district of Nagaoka by layering maps (layers) show-
ing 4 separate characteristics.

(1) Layer 1: the multiple “centers” high in activity

Places in the city with high potential were determined through
the two facets of human flow and concentration (number of cus-
tomers, visitors to the city, etc.) for each of the land use functions:
residential, business and commercial. Here we selected 25 loca-
tions.

(2) Layer 2: the belt-shaped space along the trunk route con-
necting the abovementioned “centers”

K3: 20 A A AT
Fig. 3: The image of Polycentric Scenario
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(3) Layer 3: Districts with a sense of coherence and a good
environment

We determined districts that may not have any special historic
origin, but have good environments and some sense of unity.

(4) Layer 4: Attractive riversides and villages in the forest

In cities that are considered attractive, there are a few unique
places that contribute to the attractiveness of the city as a whole.
These include cityscapes with a historic atmosphere or paths for
walking along the riverside, and villages with temples or private
woods that give a sense of dignity to the region.

The 25 “centers” of Layer 1 and the belt-shaped space along the
trunk route connecting the main hospitals will be designated as
the regions that would remain in the compact city. By consider-
ing the heightening of convenience in public transportation and
by equipping a public transportation system to these areas, these
areas are considered to lead urban development in the polycen-
tric scenario. For those areas along the trunk route that are near
the center, an area within 300m from the route were designated
to remain, and for all other areas along the trunk route, an area
within 200m were designated to remain as urbanized districts.
Furthermore,

It was assumed that population density would be increased pre-
dominantly in the highly convenient areas along the trunk route
located near the center, and that in the belt-shaped space within
300m of the route, the density would also be increased from the
current state.

Keeping the current floor area ratio and avoiding the develop-
ment of vacant land, we predicted the range of the urbanized
district required to house the population, with only an increase
in density of this belt-shaped area along the trunk route. Then
the area of this district was calculated using GIS. While the range
of the urban district is liable to change, in the calculations for the
urban image used this time, the area of the urban district was
calculated to be 24,561,821 m? 52.2% of what it is today. If we
calculate the volume of the area along the trunk route, where the
population density would be increased, the actual floor area ratio
would be 2.3 times what it is today, with an average story-height
of 5.7. It was assumed that the ratio of housing types and struc-
ture of new construction would remain as it has been since 2001.

LAY—1 EHEDEWVEHDIG
Layer 1: the multiple “centers” high in activity

LAV—3 REODRVWEEE - HX
Layer 3: Districts with a sense of coherence and a good environment

LAY —2 1 FEED A &S S B B R L DR ZE
Layer 2: the belt-shaped space along the trunk route connecting the
abovementioned “centers.”

LAV — 4 BN RV ROEE
Layer 4: Attractive riversides and villages in the forest
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Organization of standard values and evaluation method
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for CO2 emissions and cost

Calculation method for CO2 emissions

In the previous section, we developed a time scenario and 3
types of spatial scenarios. Each spatial scenario takes Nagaoka
as its subject and projects that the city would be reorganized in
the 40 year period from 2010 to 2050, eventually achieving the
3 urban images. How should we calculate the carbon dioxide
emissions and cost of each scenario?

Construction costs for urban utilities, agricultural/forest land, or
buildings as well as maintenance and repair are indispensable
to advancing each scenario; by determining the CO2 emissions
and cost per unit area or length for each separate construction
work (this is called the standard value) and multiplying this by
the amount of construction, we can calculate CO2 emissions and
cost. The calculation of standard values would require dissecting
each piece of construction work into the materials or construc-
tion methods that compose it, finding the values for each and
adding it all up - which would require an enormous amount of
work. However, as mentioned before, there is no comprehensive
research on carbon dioxide emissions resulting from the reform
of a city, and naturally, there are no standard values to be found
in a usable form. However, it is not to say that there are no usable
precedent research results. Here, we decided to connect indexes
created from precedent research and some partial data to create
a new table of standard values.

Evaluation items

Next, the items to be included in the table of standard values had
to be decided. In other words, an investigation of what items
should be included if CO2 emissions change through compac-
tion, or the change in the physical form of the city.

Carbon dioxide emissions from urban activities during the
reorganization period

Human activities for living and production in business will con-
tinue even during the reorganization period (note: this is called
people’s general activities <household> or people’s general
activities <business> in tabulations), and while CO2 emissions
would change based on low carbon facilities implemented per

BOERERFE L SROMEFICIOTEDDD. WHHZ
BICE > TEDBDIFTREVDT. Y FIFLEICITANS
EDHEL,

FROBEHEMDPICHBHEH IR  BIREEHDER - #EHF
T BRAEEROME L THThN D TNISERHAZE
ICKDTCCOHHEIZTEDOTLB. RLLEMDHERTED
ZEY B, Ko, BIREAE P ICE D RDEY DR - BRE
IEEHH2, A\ODNBOTHLDTLTIHIR T DHEIFEL
D\ HBEIFIROTEMICHRLEITNEESHE N ZTDT
FHLEIENS,

AN MEIC K TR TR B2 X DERMH R
T BRABDORRIC R BEL. ZDRICEMERMEE
HRITDIEN DD TTc—HORMITEMEFDZFTIC
BYEIVIERT DT TORN-ERIELNHY. —HTZTD
—EBIEF LW IR T BT LD,
UEDHBEZ T2 HIcRERDENEZEBLREZ £
V7%, HEmIFIRROEFERBICEDVNTRE T 5, MR-
EMERMIC OV RROLEREBICT T2 1 FHD
B -HEIEEORSHHRCEREL. BMICBV TR F
BDEREZ AR - BERICHRELIBIEMRZSRL X
NIERHDHHEZ RV e CE /MR NBERA S
=R FEE B OHARICE I 5B BEEDEFRDHICET
HIHERE ) (BFRRERHERAXREEFE4395pp101
~110,1992.9) BRAFRDOIX FHHEICEWNTEHFHET S
HRIZELC TS5,

i AR

BIREOEHOERRICE VT hEthEmBEId B ALY
WOV ETIC—ETHBHERELTWVAD T EHHER 2
MERMTIIFR PHRANEZETISIIRIAT L, B - #F
TEDHZRRAE BMICE W TIE FHRSa DIEHIR
GRAEREIZREXTONGEVD FRONECETETESE
H—EEBFEI DT TNDORARE. T L TREDHE
IEZRAG, o BIRT TRICERICED TWEWVEYIC
DWW ZDHERFTE, e ERBICIE EBHIREIC L DR
ENKREVDDEL T HRITBOSRET HCOBHELE
EDHEEICLBCOHELER T 5. ERRND IR M

household or business as well as future technological innova-
tions, these do not change based on the urban form; thus, there
is no need to include them for a comparison of the scenarios.
The maintenance and renewal of urban utilities and agricultural/
forest land in the future urban district will continue during the
reorganization period as well, but the CO2 emissions for these will
change based on urban form. The maintenance work of build-
ings also applies. At the same time, there is also the removal and
demolition work of buildings that have reached the end of their
lifespan. While there is no need to replace all of them, as the pop-
ulation will decrease, some of them will need to be built anew in
the future urban district. There is also the construction of such
new buildings to consider.

Through the process of compaction, urban utilities in those areas
that will no longer be urbanized will need to be removed/demol-
ished at the end of the reorganization period and agricultural/for-
est land would need to be constructed in its stead. At the same
time some buildings will be torn down before they have reached
the end of their lifespan, so there will be removal/deconstruction
work for this as well. There will also be some new construction as
these buildings are built anew in the urban district.

In order to calculate the above, precision was heightened by tak-
ing the life expectancy of each facility into consideration. Life
expectancy was set based on current facility renewal intervals.
For urban utilities/ agricultural/forest land, it was hypothesized
that one year’s worth of renewal/maintenance would continue
for the total area of current facilities, and for buildings, precedent
research on the current state of life expectancies for housing,
separated by use and structure was referenced and values with
a stochastic distribution were used (Note: Yukio Komatsu, Yas-
uhisa Kato, Takuro Yoshida, and Tomonari Yashiro: “REPORT OF
AN INVESTIGATION OF THE LIFE TIME DISTRIBUTION OF JAPA-
NESE HOUSES AT 1987 : Estimation based on the ledgers of build-
ings for fixed property taxes” <Collection of reports on planning
from the Architectural Institute of Japan Vol. 439, pp. 101 ~ 110,
1992.9>). The items for evaluating reorganization cost were set
as the same as the above for CO2 emissions.

Operation Period

Because the area of urbanized land during the operation period
of the city after its reorganization was hypothesized to stay con-
stant (without increasing or decreasing), no new construction or
removal/demolition work were supposed for urban utilities or
agricultural/forest land. Only renewal/maintenance work was
presumed. Also included was the maintenance work for build-
ings that had not reached the end of their life expectancies at
the completion of the reorganization. At the same time, during
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the operation period, CO2 emissions from transportation within
the region and cooling/heating of homes were considered to be
greatly impacted by urban form, and were thus considered. In
terms of evaluating cost during the operation period, transporta-
tion within the region and cooling/heating of homes were not
included; cost evaluation during the operation period consisted
only of construction costs.

Table of Standard Values

If we determine the standard values for the abovementioned
items in terms of carbon dioxide emissions and costs and graph
this, it comes out to tables 1 to 4.

Note) In terms of standard values for CO2 emissions from architec-
tural/civil engineering construction, the standard values for CO2
emissions per construction area for buildings or new construc-
tion and standard values for CO2 emissions per construction cost
for civil engineering works had been determined in precedent
research. Based on the” Standard Values for CO2 Emissions based
on the 1995 input/output table” in the “LCA Guidelines for Build-
ings,” (including capitalistic forms and and overseas production),
the standard value per construction unit for new construction
and removal/demolition of urban utilities and agricultural/forest
land were corrected for 2005 standard prices using the “Deflator
for Construction Cost,” from the construction work related statis-
tics by the Ministry of Land, Infrastructure and Transport. Fur-
thermore, CO2 emissions per construction area were organized
using the urban utilities and agricultural/forest land construction
results in the city of Nagaoka in Niigata Prefecture during the 5
year period between 2004 and 2008, as well as the ratio of life-
cycle CO2 emissions for the construction, maintenance/repair,
and demolition of urban infrastructure. In terms of the renewal/
maintenance of urban utilities and agricultural/forest land, CO2
emissions per area of urban utility or agricultural/forest land were
organized based on the same renewal/maintenance records for
Nagaoka City during the 5 year period from 2004 to 2008. For
buildings, the standard value for removal/demolition and main-
tenance were determined based on the ratio of lifecycle CO2
emissions for the construction, maintenance/repair, and demoli-
tion of urban infrastructure as well as the “1995 Industry Related
Table of Standard Values for CO2 Emissions”in the “LCA Guideline
for Buildings” (including capitalistic forms and examples from
abroad). Next we will describe in detail the calculation of each of
the standard values.
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Chart 1: Standard Values (S.V.) of CO, emissions for new construction,

maintenance, and removal/ demolition

WERRBEA | #SREA | BRA - BER
New Maintenance B

Construction SV. Removal/
SV. Demolition S.V.

kg-CO2/m kg-CO2/m kg-CO2/m
{£% /Housing | A& / Wood 434.2 64.5 88
SRGE / SRC 692.6 326 89.6
RC3& / RC 673.6 31.7 87.2
SE/S 653 30.7 845
CBi& /CB 573.3 27 742
BN/ Offices | A3 / Wood 401.1 18.9 51.9
SRC3& / SRC 1,217.20 57.3 1575
RC3& / RC 936.8 44.1 121.2
SE/S 579.6 27.3 75
T45/Factories | K&/ Wood 2293 10.8 29.7
SRGE / SRC 684.9 322 88.6
RC3& / RC 685.7 323 88.7
SE/S 390 184 50.5
1%/ Schools  |RCGE / RC 861.8 406 1115
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Chart 3: Standard values of construction cost for new construction,
maintenance and removal/ demolition

BRIEE | #IEE | EEIFE
BEY Construction Maintenance Demolition
Building type cost cost cost
A/ A/ /i
{£% /Housing | ¥ / Wood 172,205 25,598 34,906
SRGE / SRC 193,341 9,098 25,021
RC3& / RC 189,141 8,901 24,477
SE/S 179,527 8,448 23,233
CBi& /CB 163,277 7,684 21,130
BT/ Offices | A3 / Wood 150,914 7,102 19,530
SRGE& / SRC 330,866 15,570 42,818
RC3& / RC 259,154 12,195 33,538
SE/S 156,132 7,347 20,205
T45 /Factories | K& /Wood 83,867 3,947 10,853
SRGE / SRC 179,516 8,448 23,231
RC3& / RC 177,215 8,340 22,934
SE/S 103,761 4,883 13,428
12 / Schools  |RGE / RC 239,451 11,268 30,988
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Chart 2: Standard values of CO. emissions for removal/demolition and
renewal/maintenance of urban utilities/ agricultural & forest land

Wi MRIE BRaD - BESE ST - MERF
R JREAL JREAL JREAL
Urban utilities / agricolture & forest land constrginv";n SV. de:wi:ﬁt‘?:;l/s.v, mai:fenneav:\acle/ SV.
FRM / Forest 0.77 Kg/mi —| 0.0040kg * /ni
Eith (HMH) / Agricolture land (fields) 3.59 Kg/mi —| 0097 kg - /i
J&2 / Roads 44.68 Kg/m 1441 Kg/mi| 0.151 kg - /mi
£ / Housing 34.04 Kg/mi —| 0079 kg - /i
ZAE / Parks 20.48 Kg/mi —| 0263 kg - /i
SHTHEER / Snow removal facilities 59.96 Kg/m 1934 Kg/m| 1.663 kg * /m
Tk (BKE) / Water drainage (sewage) 30043 Kg/m 27.31 Kg/m
1.770 kg * /m
Toki& (FKE) /Water drainage (rainwater) 1648.62 Kg/m 149.87 Kg/m
K38 / Water supply pipes 139.28 Kg/m 1266 Kg/m| 3.382 kg * /m
#BH A X / City gas 76.48 Kg/m 11.77 Kg/m| 1361 kg * /m
BRI / Electricity facilities 12.56 Kg/m 1.73 Kg/m 1413 kg * /m

R Bl BEIE TEEE (RE) S DCOBHHE

BT MRS RBALE SEREE (RE) HT) DCOHFHE

COz emissions for new construction and removal/demolition is given per construction area (length)
COz emissions for renewal/maintenance is given per facility area (length)

x4 E TS - BMEERMOFE. FRE) - B, BH - RO
BER R NREAL
Chart 4: Standard values of construction cost for new construction,
removal/ demolition, and renewal/ maintenance of urban utilities/
agricultural & forest land

HRIE BRap - BEZE ST - MERF
JREANT JREAT IREfL
New Removal/ Renewal/
construction S.V. | demolition S.V. | maintenance S.V.

itiHEER
RN
Urban utilities / agricolture & forest land

FRMR / Forest 179 A/mi - 0.94 F/mi
it (F#) / Agricolture land (fields) 839 A/mi — 226 FA/m
JBE& / Roads 10,925 F/mi 3,524 F/m 38.11 F/m
S/ Housing 7,432 A/m - 17.33 A/mi
/N / Parks 5706 F/m - 73.19 A/mi
SHEHER / Snow removal facilities 15,504 F3/m 5001 F3/m 41043 [/m
Tk (BKE) / Water drainage (sewage) 77,231 M/m 7021 F3/m

455.01 F3/m
TKE (RF7KE) /Water drainage (rainwater) 423,809 F/m 38528 F/m
_E7K3E / Water supply pipes 30,083 F3/m 2734 M/m 730.53 F3/m
#i A R / City gas 23,604 F/m 3631 A/m| 44161 A/m
BRI / Electricity facilities 19,310 A/m 2655 F3/m 436.26 f3/m

M =yen

R B EEIETEEE (RE) S DRERIRA L

BT HES RBALL SEREE (RE) HTDDERIAX

Construction cost for new construction and removal/demolition is given per construction area (length)
Construction cost for renewal/maintenance is given per facility area (length)

19



BRI DCOHEH BT HDHN

CO2(reo)= X (AiXPi) + % (BiXQi) + X (CiXRi) + X (DiXSi)
+Z EiXT+Z (FiXUD)  eeeee @)

CO2(reo) Hh EHRMEFDCOBEHE

Ai: ER R DFER. T L. B LIZBME AR ETE

Pi: #3 B - EMEAMDFER LTED TEmED ) DCO2
BrH 2R E[5R2-8]

Bi: &R hEER DFRAD - BRI

Qi: #fEsR - EMEAMODRL - BRI EDTEmBED Y
DCOHFHEREAI[FR2-9]

Ci: #hEsR - RS RO BRAEARE R O EAE

Ri: S - MEFFDCOBF B R EAI[FR2-11]

Di: BiR AR RIS FRDH RS TN TORY DR - EiE

Si: @Y DFRAN - FEEDCOHFH EREfI[FK2-3]

Ei: iR D BERFTRERE Q050FDHEEEE 477
&)

Ti: B DOFRDCOHFH R R EAI[F2-3]

Fi: A& R 2YER D BiRAEAE O ER

Ui 2 DHERFDCOBE B [R B M11[2R2-3]

& AR DCO4EH BFFHDFTH

RIS ZNTNDY F VA KV BRAZEITOIRD 1 Ed i
WOZERBEDCOHFHEZBIRMED 5 FRDTITROR
(b)YDEIIKRDB, 5 FEDFTZRDBHEHIF. I—K—F
EICLDEMOBEFEBDHSTE S5 FTLITTOTVABTE
Ic&Y BiRE 5 FRICHEMDORLIEMOEBEL EHEIN
BIcHTH B, TDFIHZHOT 1 FREDIRED - RERMEAEZ K
b3
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Equation for evaluating CO2 emissions during the reorgan-
ization period

CO2(reo)= % (AiXPi)+5 (BixQi)+X (CixRi)+3 (DixXSi) +
T EIXTD+Z (FiXUD) — eeees @)

CO2(reo): CO2 emissions during the reorganization period for
the city

Ai: Area of new urban utilities construction, urbanization, or
change of land use to agricultural/forest land

Pi:Standard value per construction area for new
construction of urban facilities or agricultural/forest land
[Table 2-8]

Bi: Area of urban utility removal/demolition

Qi: Standard value of CO2 emissions per construction area
for the removal/demolition work of urban utilities or
agricultural/forest land [Table 2-9]

Ci: Average area of urban utilities and agricultural/forest
land during the reorganization period

Ri: Standard value of CO2 emissions for
renewal/maintenance [Table 2-11]

Di: Area of removal for all buildings that will reach the end

of their lifespan during the reorganization period

Standard value of CO2 emissions for the

removal/demolition of buildings [Table 2-3]

Area of new construction based on land use during the

reorganization period (Area necessary in

2050 - remaining area)

Standard value of CO2 emissions for the new construction

of buildings [Table 2-3]

Fi: Average area of buildings per type of use during the
reorganization period

Ui: Standard value of CO2 emissions for building
maintenance [Table 2-3]

Si:

Ei:

Ti:

Equation for evaluating CO2 emissions during the operation
period

Next, the CO2 emissions per year during the operation period for
each scenario was determined based on the following equation
(b) using the average of 5 years after the reorganization period.
The reason for finding the average of 5 years is because the es-
timate for remaining building area is determined every 5 years
through the cohort method, and thus, it calculates the total
building area for those buildings that will reach the end of their
lifespan in the 5 year period after the reorganization period.

CO2(ope)=% (CiXRi) +X (DixSi)+X (EixXTi)+% (FixUi)+
CO2(T) +CO2(AC) e (b)

CO2(ope)EARFDCOHFHE

Ci: #mfEsR - MR AR D ER

Ri: ST - #ERF D COBEHH B IR B i[2R2-11]

Di: BRI 5 FRICERHRD TN TDRYOMFE - ERD
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Si 2 DFREN - FEEDCOHFH B[R EfI[FK2-3]

EiBRAED 1 FH ) DFRER (= DiLRTE)

Ti B DOFRDOCOBFH EF B 1[FR2-3]

Fi: 2R ZYEROBREMNE 5 FREOFHEEE

Uit B DHERFDCOBFH B8R B[R 2-3]

CO2(T): Z5BIC L BCOHFHE

CO2AAQ) MFEDNHERICLBCOHFHE

(t)
12 1. | mZOMOCOMHE
|
8 4+ — — ——  LEALOEERRUE
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EREER o
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2 T B - Leswm
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Fig. 5: CO2 emissions per person during operation period

CO2(ope) = X (CiXRD+X (DiXS)+2 (EiXT)+2 (FiXUi)+
CO2(T) +CO20AC)  eeeee (b)

COz2(ope): CO2 emissions during the operation period
Ci: Area of urban utilities and agricultural/forest land
Ri : Standard value of CO2 emissions for renewal/maintenance
[Table 2-11]
: The average area of building removal for those buildings that
will reach the end of their lifespan in the 5 year period after
reorganization
Si: Standard value of CO2 emissions for building
removal/demolition [Table 2-3]

Ei: Area of new construction per year after reorganization period
(hypothesized to = Di)

Ti : Standard value of CO2 emissions for new construction
[Table 2-3]

Fi: Average area based on building use during the 5 year period
after reorganization

: Standard value of CO2 emissions during building
maintenance [Table 2-3]

CO2(T) : CO2 emissions through transportation

CO2(AC) : CO2 emissions through heating/cooling of houses

D

U
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4. 3DO0VFIVFDCOHEELAR MBI TELEZ LI FITHEFTHS

If we compare the CO: emissions and costs of the 3 scenarios, the
Polycentric Scenario has the advantage
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Evaluating the 3 scenarios by CO2 emissions and cost, using the
calculation method from the previous section results in Figures
6~11.

As can be seen from these graphs, while CO2 emission is certainly
lower for the Monocentric Scenario during the operation period,
a great amount of CO2 is emitted during reorganization. In com-
parison, while the Polycentric Scenario reduces CO2 emissions
during the operation period by 25% of the Market Scenario, in
which current urban utilities remain as they are, the increase in
CO:2 emissions during the reorganization period is only about
1.13 times. This is because current urban utilities would still need
to be renewed/maintenanced even in the Market Scenario. Com-
pared to the Market Scenario, the other scenarios emit a great
amount of CO2 during the reorganization period, but reduce CO2
emissions during the operation period. The total CO2 emissions
are shown in Figure 7. In the scenarios for compacting with the
high level of CO2 emissions during the reorganization process,
the initial emission is recovered by reduction in emissions during
the operation period. In the Monocentric Scenario, the recovery
takes 23.5 years after reorganization (75.3 years after the start of
the scenario), and in the Polycentric Scenario this takes 13.7 years
(63.7 years after the start of the scenario). At the same time, it
would take until 2087 for the Monocentric Scenario to exhibit the
minimum total CO2 emissions, in other words, for the total emis-
sions to be less than that of the Polycentric Scenario. Combined
with the reorganization period, this would take approximately 77
years.

Evaluation of CO2 emissions per person

The three spatial scenarios show the CO2 emissions for the city
as a whole, based on the time scenario that takes into account a
shrinking population. The effects of compaction are difficult to
determine because of the population difference between 2005
and 2050. Let us now calculate this amount per person.

If we convert the CO2 emissions for the city/architecture/regional
transportation per person, this amount comes out to 3.45t in the
current state, 3.65t for the Market Scenario, 2.89t for the Polycen-
tric Scenario and 2.10t for the Monocentric Scenario. We thus in-
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Fig. 6: Comparison of CO. emissions during
reorganization period (units: thousands of
tons)
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vestigated how much of the CO2 emissions during the operation
of the city (as described in our research) contributes to the total
CO:2 emissions per person in the city of Nagaoka, and how much
the change in urban form to the Monocentric or Polycentric Sce-
narios contributes to the reduction of total CO2 emissions per
person. From the hypothesis that the emissions for “transporta-
tion through the region and between outside areas” and “other
CO:2 emissions,” as according to municipal environmental white
papers, in terms of the CO2 emissions per person in Nagaoka, do
not change based on urban form, the same value was added to
each of the scenarios for 2050. The CO2 emissions per person for
each of the scenarios and their breakdown for the purpose of this
research, wherein it was hypothesized that the items not related
to urban form would not change, are shown in Figure 5.

Summary

(1) In the Monocentric Scenario, CO2 emissions during the op-
eration period would be 33% less than the Market Scenario, but
during the reorganization period 1.3 times the CO:2 of the Market
Scenario would be emitted.

(2) In the Polycentric Scenario, CO2 emissions during the opera-
tion period would be 25% less than the Market Scenario, and CO2
emissions during the reorganization period would be around 1.1
times the Market Scenario.

(3) The minimum level of total CO2 emissions during both the
reorganization and operation period together would occur 14
years after reorganization for the Polycentric Scenario, and 37
years after reorganization for the Monocentric Scenario. The
Monocentric Scenario would require close to 80 years for it to
gain an advantage over the others.

(4) In terms of cost evaluation, although it is not as conspicu-
ous as that for CO2 emissions, there is also an advantage to the
Polycentric Scenario.

(5) Further, in consideration of administrative difficulties as well,
the Polycentric Scenario, giving weight to the current urban
framework and shrinking the city gradually, has the greatest ad-
vantage.

(6) If we compare CO2 emissions per person during the opera-
tion period to current conditions, CO2 emissions of all activities
are reduced 14.68% by the Monocentric Scenario, and 6.08% by
the Polycentric Scenario, just through the change in urban form.
This means a reduction of 1.35t for the Monocentric Scenario and
0.56t for the Polycentric Scenario from the total CO2 emissions of
9.17t per person.
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Suggestions for reduction in CO. emissions, found from
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the scenario evaluations

+ Annual CO2 emissions per person in Japan is
8.97t (2009)(9.171 for the city of Nagaoka)

« Annual CO2 Emissions per person (t) during the operation period
for the 3 Nagaoka scenarios:

Market Scenario 9.36t

Monocentric Scenario 7.82t

Polycentric Scenario 8.61t

+ The top three items that contribute to CO2 emissions during the
reorganization period are:

1. New construction;

2. Removal/ demolition of buildings;

3. Maintenance of buildings during the reorganization period

« The top three items that contribute to CO2 emissions during the
operation period are:

1. New construction;

2. Transportation within the region;

3. Heating and cooling of homes

« Transportation within the region only makes up 24.6% of all
transportation.

+ CO2 emissions from the heating and cooling of homes cover

6.3% of total CO2 emissions per person, and are about equal to
transportation within the region.
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There are many issues still facing the Compact City -
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But compaction is still necessary

Which scenario is the best?

As can be seen from the analysis above, it is apparent that the
most compact Monocentric Scenario has the least total CO2 emis-
sions. This is because the temporarily increased CO2 emissions
during the reorganization period are recovered by the efficient
reduction during the operation period. However, this effect aris-
es and gains an advantage over the Market Scenario 25.3 years
after reorganization (or 75.3 years after the start of the scenario).
Further, compared to the Polycentric Scenario, it gains an advan-
tage only in 2087; and including the reorganization period, this
takes approximately 77 years. This period will also increase as low
carbon technology progresses in the future. It is difficult to pre-
dict the state of Nagaoka 77 years from now. It is also doubtful as
to whether it would be possible to maintain a single urban ideal
for 77 years. While the Monocentric Scenario reduces CO2 emis-
sions per person by 1.4 t during the operation period, an amount
corresponding to 14.68% of current CO2 emissions per person,
and thus contributes greatly to the environment, in order to real-
ize this, everybody in Nagaoka would have to move into 8 story
apartments. While this kind of sudden change in lifestyle may
be supported by those with a strong sense of duty towards low
carbonization, it is doubtful as to whether this will be accepted
by the greater majority of the population.

Most likely, the Polycentric Scenario is a more realistic scenario
for compaction. Because there will be less construction work to
be done for the reorganization, it would be able to recover its
initial emissions in 13.7 years (or 63.7 years from the start of the
scenario), in other words, in half the time of the Monocentric
Scenario. It reduces CO2 emissions per person by 0.56 t, 6.08%
of current emissions. With the Polycentric Scenario, it would be
possible to make use of the already accumulated potential of dis-
tricts, and about 60% of the population can continue to live in
traditional low-rises. There are also variations to the Polycentric
Scenario, and while Monocentric and Polycentric are relative con-
cepts, what we mean to say is that it is possible to get sufficient
effects without going to the extreme.
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Issues facing compaction

The compact city policy has been accepted as an important ele-
ment in Japanese urban policies, and this term has come to ap-
pear in conventional journalism as well. However, it seems that
this trend has progressed without investigation as to how much
of an effect this policy will have. The issues regarding the com-
pact city policy include not only the uncertainty of its effect, but
also how it will be realized. The Japanese city entered the age of
the personal car after the 1970's. In response, the city expanded
to the suburbs, with the greater half of the population living there
now; the suburban lifestyle cannot function without the car. If
we try to compact the city under such circumstances (if such an
urban plan is implemented), the residential districts developed
in the suburbs would have to be returned to un-urbanized land.
If this happens, the prices of such residential districts will rapidly
decrease, while land prices in those areas designated as the fu-
ture urbanized land would increase. There is no chance that the
people would approve of such a plan. First, a system to make
up for the difference created by the urban plan (returning the
property value of landowners who gained in the plan to those
who lost property value) must be created. But even after such a
system is created, there is still a possibility that, in cases of dense
urban districts, it would lead to a worsening of the living environ-
ment. Next, compaction will not advance if the residents do not
agree that a dense urban district has enough appeal as an urban
form. Japanese cities, compared to North American or Austral-
ian, or even European cities, are highly dense to begin with. But
we cannot say that there has been enough discussion as to how
dense it should be made. This is because, in Japan, increasing the
floor area of homes has been the only purpose pursued.

Many regional cities have a much higher dependence on the
automobile than the metropolis. For this reason, not only large
scale commercial facilities, but even a portion of public facilities
in regional cities have been moved out to the suburbs, and the
downtown districts have more or less deteriorated, beginning to
dilute even the visual activity of the urban center. In such cities,
it may not even be possible to determine a center to concentrate
all activities (in that respect, it may even be easier to compact
the suburbs of large metropolises, where rail transportation has
developed and the area in front of the stations have the great-
est land value). As can be seen, there are still many issues facing
compaction.
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Compaction is still necessary

On the other hand, the reality is that, while the compact city
policy is talked about, urbanization still continues to expand, as
can be seen in the case of Nagaoka. In Japan, the tradition of ur-
ban planning to control city form has not taken root. However, as
mentioned in the introduction, there is a flood of facilities in the
Japanese city, and the fact that there will no longer be enough
funds to maintain these once the population shrinks is currently
starting to be discussed. Having an inefficient city full of vacant
land or vacant facilities will also take away social activity. In terms
of the sudden high standards of an aging and shrinking popula-
tion, Japan will be at the forefront of the world. When we are
faced with a completely different society from that today, there
will be a need to investigate an urban form relative to it, and this
will more or less be a compact one.

From owning land to using land in the city

Modern Japan, especially after the war, has experienced an in-
crease in population as well as a long period of high economic
growth; thus, land prices have constantly been increasing. As a
result, the asset value of land has been held as firm and unwaver-
ing. The so-called “Land Myth” has been established and consid-
ered absolute. However, in Japan today, where a long period of
population shrinkage and low growth is predicted to continue,
the reason for valuing land as an asset is decreasing, and it is
believed to change into the valuing of land for its use. In other
words, simply having land will not create value, and only through
using it will we be able to create value. If this happens, there is an
even greater meaning to providing more public transportation
or appeal to the city, utilizing various aspects of urban strategies.
However, if such large-scale, public investments only contribute
to the profits of a portion of land owners, such a concentrated
investment would not be able to gain the support of the people.
There must be a system to return the profits to all the residents
of the city.

Compacting a city would only be realizable through a considera-
tion of both an urban design strategy to increase the appeal of a
city as well as a means of ownership and management, and by
gaining support from both these aspects.



