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Abstract

Finland’s regional form is becoming concentrated as a result of economic and
social changes. Because of uncontrolled development, the urban form of the
growth regions is becoming fragmented. The effects caused by the changes in
Finland’s regional and urban forms on greenhouse gas emissions have been
studied up to the year 2010, when Finland’s greenhouse gas emissions, in
accordance with the Kyoto protocol, should be reduced to the 1990 level.
Qualitative estimates of the effects of the urban form on greenhouse gas
emissions have already been made. This study estimates, for the first time, the
effects caused by changes in the regional and urban forms on the levels of
greenhouse gas emissions in Finland. The changes in the regional form concern
factors between regions while changes in the urban form concern factors inside
regions. The urban form affects especially transportation within regions, the
potential to utilise district heating and the need for infrastructure.

If urban sprawl continues at the same rate as it has during the last 10 years,
the annual vehicle kilometres of passenger traffic inside regions will increase
by altogether 36 %, i.e. 6,000 million vehicle kilometres, and carbon dioxide
emissions by 9 %, i.e. 0.3 million tonnes from 1990 to 2010. The growth estimate
is sensitive especially in regard to the following three factors: economic growth,
control of the urban form and specific emissions of vehicles. If economic growth
is strong and if it is not entirely possible to slow urban sprawl or a decrease
in the grade of service of residential areas, or if the specific emissions do not
decrease at the estimated rate, the vehicle kilometres and emissions might
increase more than estimated.

Annual greenhouse gas emissions caused by heating and electricity use in
residential and service buildings are estimated to increase by 4.8 million tonnes,
i.e. 27 %, from the year 1990 by 2010. In addition to the increase in the building
stock, the higher emission levels result from greater use of electric heating and
electricity in general. The increase in the residential building stock is caused
mainly by the added square metres in living space.

The annual greenhouse gas emissions caused by construction and use of
infrastructure will increase by 0.1 million tonnes, i.e. 12 %, from the year 1990
by 2010. The increase is caused by a greater need for infrastructure in a decen-
tralised urban form.

In the target-oriented scenario, regional form develops in the same way as
in the business as usual scenario. In other words the population is located in
the same commuting areas. Urban sprawl of the regions has been prevented by
locating new housing nearer to regional centres, and by locating housing closer
to work places. By integrating the urban form it is possible to reduce annual
carbon dioxide emissions of passenger traffic inside the regions by 0.8 million
tonnes by the year 2010. Furthermore, more teleworking and lifestyle changes
can reduce carbon dioxide emissions by 0.2 million tonnes. Altogether it is
possible to reduce annual carbon dioxide emissions of passenger traffic inside
the regions by 1.1 million tonnes, i.e. 27 %, by the year 2010. When the urban
form is more integrated, the potential to utilise district heating will increase,
which can further reduce emissions by 1.1 million tonnes, i.e. 5 % of the emis-
sions of residential and service buildings by 2010. A more compact municipal
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infrastructure reduces emissions by 0.1 million tonnes, i.e. about 6 %.

Developing urban form according to the target-oriented scenario would
reduce greenhouse gas emissions by 2.3 million tonnes in 2010 compared with
the present trend. This amounts to 15 % of Finland’s target for greenhouse gas
emissions reductions in 2010. If the target-oriented scenario is realised, the
subsequent decrease of emissions would accelerate. At the same time, other
emissions which are harmful to human health and the nature will also decrease.
Furthermore, significant cost savings will be achieved, the quality of the
environment can be improved and the preservation of biological diversity can
be promoted.

To change the present trend requires that the problem of urban sprawl is
recognised and tackled. To stop urban sprawl measures are required in
planning, land use and housing policy as well as in transportation and taxation
policies. Additionally, more needs to be done in regard to co-operation,
interaction and information dissemination. Sprawl has been encouraged by,
among other things, the tax deduction for commuting. By eliminating this tax
deduction or reducing it, the trend can be changed. Urban sprawl can also be
prevented by a real estate tax and by applying the “polluter pays” principle to
infrastructure costs.
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Preface

This report studies the impacts of changes in regional and urban form on
greenhouse gas emissions to the year 2010, when, in accordance with the Kyoto
protocol, Finland’s greenhouse gas emissions should be reduced to 1990 level.

The main links between social changes, regional and urban form and
greenhouse gas emissions were identified. Two scenarios have been prepared
on the future development of regional and urban form in Finland to the year
2010. The first, the business as usual scenario, is based on the present trends.
The other, the target oriented scenario, assumes decreased greenhouse gas
emissions. The impact of each scenario on greenhouse gas emissions was
assessed. Appropriate measures to control urban development were determined
and thus achieve the goals.

The study was carried out for the National Climate Programme of Finland,
and the first results were presented in reports of the Ministry of the Environ-
ment and the Ministry of Transport and Communications Finland. The study
is part of the LYYLI Research Programme and was commissioned by the Min-
istry of the Environment and the Ministry of Transport and Communications
Finland.

Senior Research Scientist Irmeli Harmaajarvi, Research Scientist Aimo
Huhdanmiki and Chief Research Scientist Pekka Lahti, from VTT Building and
Transport conducted the study. Senior Technical Adviser Leena Silfverberg from
the Ministry of the Environment and Ministerial Advisers Raisa Valli and Riitta
Viren from the Ministry of Transport and Communications Finland supervised
the work.
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Impacts of the regional and
urban form on greenhouse gas
emissions

Earlier research studies show that urban and regional form may have major
impacts on greenhouse gas emissions. The most important impacts come from
traffic and the energy consumption of buildings.

An integrated urban form reduces transportation emissions by about 10 %
in the regions that have been studied. Comparable reductions are also achieved
in other emissions harmful to human health and the environment.

This study looks at the following greenhouse gases: carbon dioxide (CO,),
methane (CH,) and nitrous oxide (N,0). Methane and nitrous oxide are pre-
sented as carbon dioxide equivalents.

Regional form in this study is defined as the entire built environment of
Finland including buildings and networks in both urban and rural areas.

Urban form in this study is defined as the built environment within com-
muting or other functional areas.

Regional and urban forms have an indirect effect on traffic, on the district
heating systems in urban areas and on the need for municipal infrastructure.
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The business as usual seenario

As a result of urbanisation, Finland’s regional form is becoming more concen-
trated, while urban sprawl is causing fragmentation of the urban form. Under
the business as usual scenario, this trend is expected to continue.

The trend has been defined on the basis of the population changes in
municipalities, traffic growth, the increase in building stock and changes in
heating systems and in municipal infrastructure.

Population changes in municipalities to the year 2010 were forecast by Sta-
tistics Finland. Changes in the residential building stock are based on, among
other things, changes in population, economics, living space, sizes of dwellings
and households, and housing reserves and losses. Changes in the service build-
ing stock are extrapolated from the changes in the last ten years.

Regional form is described as residential building stock in municipalities in
the year 1998, the changes in building stock between 1999 and 2010, and build-
ing stock in 2010 (square metres, Figures 1-2). Changes in urban form in the
Helsinki and Oulu regions are presented as built-up areas in Figures 3-4.

Table 1 shows the predicted trends in population and building stock in
Finland. The figures for 1999-2010 are changes in the building stock. In all cat-
egories more floor space will be needed.

Table |. Population and floor space of residential and service houses in
Finland 1998-2010 according to the business as usual scenario.
Year Population |Floor space (million m? floor space)

millions Detached Terraced Blocks Services Total

houses houses of flats

1998 5.2 127.9 28.3 73.4 8l1.1 310.7
1999-2010 | + 0.1 + 179 + 44 + 129 + 14.6 + 49.8
2010 5.3 145.8 32.7 86.3 95.7 360.5

New buildings will also be needed to substitute for a reduction of old building
stock. During this period the need for new detached houses will be 20.2 million
square meters of floor space, for terraced houses, 4.9 million square meters, and
for blocks of flats, 13.8 million square meters. The total for all new dwelling
houses will be 38.9 million square meters of floor space.

The changes in traffic have also been assessed based on the changes in the
average commuting distances in municipalities. In the business as usual scenar-
io, the situation in 2010 is based on the trend between in 1991 and 1997.

Commuting distances are based on straight-line distances from houses to
work places for commuting trips of more than 0 but less than 100 kilometres
(Table 2, Figure 5).

Table 2. Average straight-line commuting distance in Finland.

1991 8.7 km
1997 9.6 km
2010 business-as-usual 1.4 km

These straight-line distances can be converted to real distances by multiplying
them by 1.3. This is an average coefficient. The real coefficient varies case by
case.
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Figure |. Finland's regional form, shown as square meters of dwelling space, in 1998.
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The business as usual scenario
Dwelling square metres
in 1959-2010
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Figure 2. Change in Finland’s regional form in 1999-2010 under the business as usual scenario,
shown as square meters of dwelling space. Form is becoming concentrated.
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Figure 3. Change in urban form in |989-1998 in the Helsinki region, shown as built-up areas
defined by GIS methods developed by VTT. Sprawl has been continuous. Under the “business-
as-usual” scenario this trend continues. The buildings outside the built-up areas are not shown.
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Figure 4. Change in urban form in 1989-1998 in the Oulu region, shown as built-up areas
defined by GIS methods developed by VTT. Sprawl has been continuous. Under the “business-
as-usual” scenario this trend continues. The buildings outside the built-up areas are not shown.
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The baesiness as usual scenario
Average commuting distance year 2010

Figure 5. Average straight-line commuting distances from residences to work places in Finnish
municipalities in 2010. The average was 8.7 km in 1991 and 9.6 km in 1997. According to
the business as usual scenario it will be | 1.4 km in 2010. Increased commuting distances in
outskirts are particularly pronounced.
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The target-oriented scenario
Average commuling distance year 2010

Figure 6. Average straight-line commuting distances from residences to work places according to
the target-oriented scenario in 2010. The average in Finland will be no more than 9.1 km.
Commuting distances in outskirts now exhibit more controlled increases.

Ministry of the ENVIronmENt e o o o o o o o o o o o o o o o e o o o s s s ¢ o s s s s s ¢ o o s 6 s 06 e 00000 0s0ae



The target-oriented scenario

In the target-oriented scenario the regional and urban forms will indirectly
result in lower greenhouse gas emissions than in the business as usual scenario
(BAU) in the year 2010.

Regional form is supposed to develop in the same way as in the business
as usual scenario. Migration to the growth regions will continue. This is based
on socio-economic trends.

Development within the commuting areas has been planned so as to con-
centrate residential development in city centres rather than in outskirts. Res-
idences and work places are located nearer to each other. Commuting distances
will not increase.

Residential building stock is about 111 000 square metres of floor space less
than in the business as usual scenario in 2010. There are more terraced houses
and blocks of flats than in the business as usual scenario, and district heating
is used more extensively.

Residential building stock in 2010 is divided into different housing forms
in the target-oriented scenario as follows:

Detached houses
145.1 mill.m? floor space (-0.7 mill.m? difference from the BAU scenario)
Terraced houses

32.8 mill.m* floor space (+0.1 mill.m* difference from the BAU scenario)
Blocks of flats

86.8 mill.m? floor space (+0.5 mill.m? difference from the BAU scenario)
Total

264.7 mill.m? floor space (-0.1 mill.m* difference from the BAU scenario)

The change in regional form in the target-oriented scenario is described as
the change in the residential building stock in municipalities in 1999-2010 and
in the residential building stock in 2010. The aim is infill development in urban
areas.

Commuting distances are shorter in the target-oriented scenario than in the
business as usual scenario. The average straight-line commuting distance in the
whole of Finland is 9.1 km, i.e. 2.3 km less than in the business as usual scenario
(Figure 6).
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Trends in greenhouse gas
emissions

4.1 Passenger trdffic within regions

Effects of changes in regional and urban form have been studied on passenger
traffic within regions, which consists of commuting trips and other trips. This
study is concerned only with trips less than 100 kilometres long (commuting
trips straight-line, corresponding about 130 kilometres real distance). Longer
trips are assumed to be affected more by other factors than regional and urban
forms. Car traffic within regions examined in this study is about 50 % of all car
traffic and 40 % of all road transport in Finland.

Commuting kilometres have been estimated using GIS-based commuting
statistics by Statistics Finland.

Passenger commuting kilometres (of a municipality) = number of working people *
230 (number of working days per year) * 2 * straight-line commuting distance * |,3
(average real distance coefficient).

Kilometres of other trips (personal business, leisure etc.) have been estimated
using the national passenger transport survey of the Ministry of Transport and
Communications Finland and commuting statistics by Statistics Finland. Other
trips seem to be dependent on the average commuting distance of a municipal-
ity as follows:

Passenger kilometres of other trips (of a municipality) = (0,589 * average straight-
line commuting distance + 13,2) * number of inhabitants * 0,923 (average share of
people over 6 years) * 365 (days in a year).

Vehicle kilometres have been estimated using average modal split in different
trip lengths and average load rate of different vehicles in Finland. Specific
emissions of different vehicles have been estimated based on LIPASTO, VIT’s
calculation system for traffic emissions and energy consumption. According to
LIPASTO, specific emissions of vehicles are supposed to decrease by about 15
- 20 % from 1990 to 2010.

Passenger traffic within regions is estimated to increase by 6,000 vehicle
kilometres, i.e. 36 % from 1990 to 2010 because of changes in urban and region-
al form in the business as usual scenario. The increase of greenhouse gas
emissions is estimated to be 0.3 million tonnes CO, equivalent, i.e. 9 % in the
business as usual scenario.

Commuting accounts for about one-quarter of all vehicle kilometres and
emissions. Private cars compose 99 % of vehicle kilometres and 94 % (in the
target-oriented scenario 93 %) of emissions. (Figures 7-10)

In the target-oriented scenario, vehicle kilometres increase only by 7 %
from 1990 by 2010. Under the target-oriented scenario emissions will be re-
duced by 1.1 million tonnes CO, equivalent, i.e. 27 %, in 2010 compared to the
business as usual scenario and vehicle kilometres driven will be 22 % lower
(Figure 11). Thus, a compact urban form will result in a 0.8 Mt CO, eq. reduction
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in emissions, and an increase in teleworking and other kind of lifestyle changes
will result in a 0.2 Mt CO, eq. reduction in emissions.
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Figure 7. Vehicle kilometres of commuting and other trips within regions in Finland in 1990,
1998 and 2010 in the business as usual and target-oriented scenarios (change in urban form).
Vehicle kilometres increase 36 % from 1990 by 2010. The target oriented scenario reduces
vehicle kilometres by 22 9% in 2010 compared to the business as usual scenario. Commuting
accounts for a quarter of the kilometres driven.
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Figure 8. Private car and public transport vehicle kilometres within regions in Finland in 1990,
1998 and 2010 in the business as usual and target-oriented scenarios (change in urban form).
Private cars account for 99 % of the kilometres driven.
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Figure 9. Greenhouse gas emissions of passenger traffic within regions in Finland in 1990, 1998
and 2010 in the business as usual and target-oriented scenarios (change in urban form). Com-
muting accounts for a quarter of the emissions.
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Figure 10. Greenhouse gas emissions of public transport and private cars within regions

in Finland in 1990, 1998 and 2010 in the business as usual and target-oriented scenarios
(change in urban form). Cars account for 94 % of the emissions (in the target-oriented scenario
93 %).
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Figure | I. Greenhouse gas emissions of passenger traffic within regions in Finland in 1990,
1998 and 2010 in the business as usual and target-oriented scenarios (including change in
urban form, increase in teleworking and lifestyle changes). The target-oriented scenario reduces
emissions by .| Mt CO, eq, ie. 27 % in 2010 compared to the business as usual scenario.
In 2010 emissions in the target-oriented scenario are less than in 990.

4.2 Energy use in buildings

Changes in regional and urban forms have an impact on the greenhouse gas
emissions from buildings mainly because of changes in building types and
heating systems. Greenhouse gas emissions from heating and electricity use
have been estimated for residential and service buildings in Finland.

In the business as usual scenario, there is a marked increase in the use of
electric heating and electricity in general. Emissions are estimated to rise 4.8
Mt CO, eq. from 1990 to 2010. In the target-oriented scenario a compact urban
form allows the use of more district heating, which reduces emissions by 1.1
Mt CO, eq. in 2010. (Figure 12)
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Figure | 2. Greenhouse gas emissions from residential and service buildings from the year 1990
to the year 2010 in Finland in the business as usual and the target-oriented scenarios.

4.3 Municipal infrastructure

Construction and use of infrastructure networks causes annual greenhouse gas
emissions of about 1 Mt CO, eq. Urban sprawl increases the need for infrastruc-
ture networks and thus emissions will rise by 12 % from 1990 to 2010. In the
target-oriented scenario a more compact urban form means less infrastructure
is needed; thus the annual emissions are lower by 0.1 Mt CO, eq. in 2010.

4.4 Summary of results

Greenhouse gas emissions from the regional and urban forms are estimated to
increase if the present trend continues in the business as usual scenario between
1990 and 2010. The increase in passenger traffic within regions is estimated to
be 0.3 Mt CO, eq., in the energy use in buildings, 4.8 Mt CO, eq., and in
municipal infrastructure networks, 0.1 Mt CO, eq. (Table 3).
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Table 3.Trends in greenhouse gas emissions of passenger traffic within
regions, residential and service buildings and municipal infrastructure
networks from 1990 to 2010 (million tons of CO, equivalent).

1990 1998 2010 Change in 1990-2010

Passenger traffic
within regions 35 3.6 3.8 +0.3 Mt CO, eq. (+ 9 %)

Energy use in
buildings 17.5 17.4 223 + 4.8 Mt CO, eq. (+ 27 %)

Municipal infrastructure
networks 1.0 1.0 .1 + 0.1 Mt CO, eq. (+ 12 %)

By developing regional and urban form as in the target-oriented scenario it is possible
to reduce emissions by 2.3 million tonnes in 2010 compared to the business as usual
scenario. Reductions would be as follows (Figure 18):

Less passenger traffic within regions - LI Me CO, eq. (- 27 %)
More use of district heating - LI Mt CO, eq. (-5 %)

Less need for infrastructure networks 0. Mt CO, eq. (- 6 %)

Total

2.3 Mt CO,eq.

Passenger traffic within regions

Buildings

Municipal infrastructure

o
=3
N
=]
ES
o
o
o
©
[N

ECO2eq./a Decrease of annual emissions VIT

Figure 3. Potential reduction in greenhouse gas emissions in the target-oriented scenario to
2010 in three different categories. Careful development of the regional and urban structure
would result in an estimated reduction of 2.3 Mt COZ2 eq.
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In a country like Finland with a low population density and long travel distanc-
es, regional and urban form plays an important role in combating climate
change. As a result of urbanisation, Finland’s regional structure is becoming
more concentrated, while urban sprawl is causing growth centres to become
fragmented.

If the present rate of urban sprawl were to continue, internal passenger
traffic within regions is estimated to increase by 6,000 million vehicle kilome-
tres, i.e. 36 %, and greenhouse gas emissions will rise by 0.3 million tonnes CO,
eq., i.e. 9 %, from 1990 to 2010. The increase would be even greater without
the expected decrease of specific vehicle emissions and the decrease in the
number of employed people in the population, trends which have been ob-
served since 1990. Car traffic within regions accounts for about half of all car
traffic in Finland.

Greenhouse gas emissions from residential and service buildings are esti-
mated to rise by 4.8 million tonnes CO, eq., i.e. 27 % from 1990 to 2010. This
is caused by an increase in building stock, and especially from greater use of
electric heating and electricity in general.

In the target-oriented scenario, urban sprawl was stopped by locating new
dwellings nearer to central municipalities of regions and by locating dwellings
and working places nearer to each other. If community structures were more
concentrated it would be possible to reduce passenger traffic emissions annu-
ally by 0.8 Mt CO, eq. An increase in teleworking and lifestyle changes would
further reduce emissions by 0.2 Mt CO, eq. Altogether it is possible to decrease
greenhouse gas emissions of passenger traffic within regions by 1.1 Mt CO, eq.,
ie. 27 %. At the same time, the potential for district heating would grow.
Greater use of district heating would result in 5 % fewer emissions from res-
idential and service buildings by 2010, or 1.1 Mt CO, eq. The estimated emis-
sion reduction potential for municipal infrastructure networks would be 0.1 Mt
CO, eq., i.e. 6 %.

Developing the urban form according to the target-oriented scenario would
reduce greenhouse gas emissions by 2.3 million tonnes in 2010 as compared to
the business as usual scenario. This amounts to 15 % of Finland’s target for
greenhouse gas emissions reductions in 2010. If the target-oriented scenario is
realised, the decrease of emissions would continue even faster. At the same
time, other emissions which are harmful to human health and the environment
will also decrease. Furthermore, significant cost savings will be achieved, the
quality of the environment can be improved and the preservation of the bio-
logical diversity can be promoted.

To change the present trend requires that the problem of urban sprawl is
recognised and tackled. To stop urban sprawl, measures are required in plan-
ning, land use and housing policy, and in transportation and tax policy. Addi-
tionally more needs to be done in regard to cooperation, interaction and infor-
mation dissemination. Sprawl has been encouraged by, among other things, the
tax deduction for commuting. By eliminating this tax deduction or by reducing
it, the trend can be changed. Urban sprawl can also be prevented by a real estate
tax and by applying the “polluter pays” principle to infrastructure costs.
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reductionsin2010. If the target-oriented scenario isrealised, the subsequent decrease of emissions would
accelerate.

To stop the urban sprawl, measures are required in planning, land use and housing policy as well
asin transportation and taxation policies. Additionally, more needs tobe done in regard to co-operation,
interaction and information dissemination.
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