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Summary

The report contains the results and description of methods used in the Tasks 1 and 2 of the
project. The results of Task 1: Quantitative description of urban form characteristics in the
Reykjavik Capital Region are a series of maps and GIS layers that describe urban form
characteristics relevant for daily travel patterns and well-being of the residents. These include
access to green, blue and open spaces, population density, access to public transportation,
distance to the city center, street network characteristics, and travel-related urban zones. The
report is accompanied by a GIS database that contains the measures calculated in a 100 m
grid. The results of Task 2: Quantitative description of the residents’ climate impacts from
transport include an estimation of greenhouse gas (GHG) emissions of the study participants
Capital Region residents aged 25 to 40. The estimations are then analyzed geographically to
highlight the differences in the region and the relationships with residential location and the
urban form.

Quantitative description of urban form
characteristics in the Reykjavik Capital Region

The Capital Region was divided into 6 zones based on population density, the floor area
density of commercial and office buildings and bus departure frequency from stops within a
5-minute walk. The method was based on a similar classification used in Finland and Sweden.
The zones are the central pedestrian zone, the fringe of the central pedestrian zone, pedestrian
zones of the sub-centers, intensive public transportation zone, basic public transportation
zone, and car-oriented zone.

The urban form characteristics are presented on maps in section 4, and as GIS layers in the
accompanying database. The results highlight the differences between the areas in the region
in terms of supporting the use of different travel modes and participation in outdoor activities.

The results show that the vast majority of the Capital Region has access to a bus stop within a
5-minute walk, but with varying frequency of departure and route diversity. The zone with the
best access (Zone 1) is located around the main bus stops of Reykjavik city center, along with
the main roads of Reykjavik and around other major stops. This zone is inhabited by 19.4% of
residents in the region. It is surrounded by zone 2, in which buses depart less frequently,
albeit not evenly. The zone houses 34.1% of residents in the region. Most notably, almost no
areas in Gardabar and Mosfellsbzr belong to this zone. The largest zone is zone 3, in which
there are buses within a 5-minute walk, but the frequency of departures is less than 4 per hour.
It houses 43.4% of residents. Areas with no access to a bus stop within walkable distance are
rare but do exist.

The urban region is stretched for long distances from the city center, which is a major factor
in choosing travel modes in daily travel. In 2017, around 40 thousand people lived within 3
km from the center, and another 40 thousand in 3-6 km distance band. More than 50 thousand
people lived in the distance bands 6-9 km and 9-12 km from the center. About 25 thousand
people lived further than 12 km from the main city center.

The highest population densities are observed in central and near-central Reykjavik, more
peripheral locations, such as Breidholt and Haaleiti, and at the very central parts of



Hafnarfjorour, Képavogur, and Grafarvogur. The lowest population densities are observed in
Gardabaer, Mosfellsher, Alftanes, Arbar, and Vatnsendi. The highest street connectivity,
which is related to good conditions for walking, is observed in downtown Reykjavik, the old
part of Vesturbeer, Hlidar, Breidholt, and some centrally located parts of Grafarvogur and
Hafnarfjordur. Lower values are observed in more suburban and coastal areas.

The access to green spaces and the amount of vegetation around residential locations are the
lowest in built-up areas surrounded by water or sparsely-vegetated land, most of them
centrally located. The index has the highest values in areas close to a thicker vegetation, such
as forests or river valleys, most of them peripherally located.

Residents’ climate impacts from transport

The calculated annual emissions from local, domestic and international travel vary depending
on the residential location of respondents. Residents of the more centrally located areas have
on average relatively low emissions from local travel, averaging at about 500 kg CO2e per
year per person in the central pedestrian zone. Residents of the suburban neighborhoods have
relatively high emissions from local travel, averaging at about 1400 kg CO2e per year per
person in the car-oriented zone. At the same time, the highest emissions from international
travel are observed in centrally located areas, including Vesturbeer and Midbar. The residents
of the most central areas cause higher emissions (ca. 3600 kg COZ2e per year per person in the
central pedestrian zone) than the residents of more suburban areas (ca. 2400 kg CO2e per
year per person in the car-oriented zone). No significant differences between geographic areas
were found in terms of average emissions from domestic travel. The emissions from all travel
combined do not differ significantly across the region, despite a clear geographic trend in the
emissions from local travel, and average at about 4000 to 4500 kg CO2e per year per person.



Samantekt

Skyrslan inniheldur nidurstodur og lysingu & adferdum sem notadar eru i hluta 1 og 2
verkefnisins (e. Tasks 1 and 2). Nidurstodur hluta 1: Lysing & byggdareinkennum
hofudborgarsvaedisins eru kort og GIS-16g sem lysa byggdareinkennum sem skipta mali fyrir
daglegar ferdavenjur og vellidan ibla. bar & medal eru kort sem syna adgengi ad grenum,
blaum og opnum svaedum, ibuapéttleika, adgengi ad almenningssamgdngum, fjarleegd fra
midborginni, einkennum gatnaneta og einnig kort af ferdatengdum borgarsveedum. Skyrslunni
fylgir GIS gagnagrunnur sem inniheldur melieiningar sem reiknadar eru i 100 m rist.
Nidurstodur hluta 2: Lysing & loftslagséhrifum af feroum ibla innihalda &ztlada losun
grédurhdsalofttegunda fra patttakendum rannséknarinnar, iblar hoéfudborgarsvaedisins a
aldrinum 25 til 40 ara. Aetlada losunin er sidan greind landfreedilega til ad varpa ljosi &
muninn milli svaedi og tengsl vid stadsetningu basetu og byggdarmynstur.

Lysing a byggdareinkennum
hofuoborgarsvaedisins

Hofudborgarsvaedinu var skipt upp i 6 sveedi Ut fra iblapéttleika, péttleika verslunar- og
skifstofuhlsnadis og tidni brottfara fra streetd stoppistédvum sem eru i innan vid 5 minutna
gongufjarleegdar. Flokkunaradferdin byggdist & svipadri adferd sem notud var i Finnlandi og
Svipj6d. Sveedin eru; gongusvaedi midsvedis (e. central pedestrian zone), jadar géngusvadis
midsvedis (e. the fringe of the central pedestrian zone), génguvenir kjarnar (e. pedestrian
zones of the sub-centers), &flugt almenningssamgdngusveedi (e. intensive public
transportation zone), almenningssamgongusvadi (e. basic public transportation zone) og
bilasveedi (e. car-oriented zone).

Byggoareinkenni eru sett fram & kortum i kafla 4 og sem GIS-16g i gagnagrunninum sem
fylgir skyrslunni. Nidurstodurnar vekja athygli & hversu 6lik sveedi borgarinnar eru hvad
vardar studning vid notkun mismunandi ferdamata og patttoku i ymisskonar utivist.

Nidurstodurnar syna ad mikill meirihluti htfudborgarsveedisins hefur adgang ad straetdskyli i
innan 5 mindtna gongufjarleegd (400 m), en tioni brottfara er breytileg. Sveedid med besta
adgengid (Sveedi 1) er stadsett i kringum adal stoppistédvar midborgarinnar, stofnbrautir
héfudborgarsvaedisins og adrar helstu stoppistddvar. A pessu sveedi bla 19,4% ibla og 21,9%
heimila hofudborgarsveedisins. bad er umkringt svaedi 2, par sem streetd fer sjaldnar, po ekKi
jafnt. A pvi svadi bla 34,1% ibla og 34,4% heimila. Eftirtektavert er ad nanast engin svadi i
Gardabae eda Mosfellsber tilheyra pessu svaedi. Stersta svaedid er svaedi 3, par sem pad eru
streetd stoppisvodvar i innan vid 400 m, en tidni brottfara er minni en 4 & klukkustund. 43,4%
ibla og 40,9% heimila bda & svaedinu. Svaedi sem hafa ekki adgang ad streetoskyli innan 400
m eru sjaldgef en finnast po.

Borgin teygir sig langar vegalengdir fra midbaenum, sem er stor pattur i vali & ferdamatum i
daglegum ferdum borgarbta. Arid 2017 bjuggu um 40 pdsund manns innan 3 km fra
midbenum og 40 pasund i 3-6 km fjarleegd. Meira en 50 pasund manns bjuggu i
fjarleegdarflokkunum 6-9 km og 9-12 km fr4& midbenum. Um 25 pusund manns bjuggu i
lengra en 12 km fjarlaegd fra midbaenum.



Mesti iblapéttleikinn er ad finna i midbaenum og i naleegd vid midbainn, i jadarsvedum eins
og Breidholti og Haaleiti, og i midkjérnum Hafnarfjardar, Képavogs og Grafarvogs. Laegsti
ibapéttleiki finnst i Gardabae, Mosfellsha, Alftanesi, Arba og Vatnsenda. Hastu gildin fyrir
gotutengsl, sem er gildi sem tengist godum adsteedum til ad ganga, sjast i midba Reykjavikur,
gamla Vesturbaenum, Hlidum, Breidholti og i midleegum hlutum Grafarvogs og Hafnarfjardar.
Leegri gildi koma fram i Gthverfum og strandsveedum.

Adgengi ad grenum svedum og magn grodurs i kring um ibudarsvaedi er legst i
byggdarsveedum sem umkringd eru vatni eda litt-gronu landi, sem flest eru stadsett
midsvaedis. Visitalan er haest & svedum nalaegt pykkum grédri, svo sem skogum eda délum,
flest peirra stadsett & jodrum borgarinnar.

Lysing a loftslagsahrifum fra feroum ibaa

Reiknud &rleg losun fr4 daglegum ferdum innan borgarinnar, Ut & land og til annarra landa er
mjog misjofn eftir pvi hvar patttakendur eru busettir innan borgarinnar. ibdar sem busettir eru
naleegt midbenum hafa ad medaltali tiltélulega litla losun frd daglegum ferdum innan
borgarinnar, peir sem bla & gongusveedinu midsvaedis losa ad medaltali um 500 kg af
koltvisyringsigildum & ari & mann. ibdar Gthverfanna losa tiltdlulega mikid fra daglegum
ferdum, en iblar bilasvedis losa ad medaltali um 1400 kg & ari & mann. A sama tima sést
mesta losunin fra utanlandsferdum & midlaegum svaedum, par & medal i Vesturbae og Midbee.
ibar & flestum midleegum svaedum valda meiri losun fra utanlandsferdum en ibGar Gthverfa
(ibtar gdngusveaedis midsvaedis losa ad medaltali um 3600 kg af koltvisyringsigildum & ari &
mann a medan ibdar bilasvedis um 2400 kg). Vid hofum ekki fundid marktekan mun a
sveedunum hvad vardar medallosun fra ferdum at & land. pratt fyrir ad skyr landfraedilegur
munur sé & losun fra daglegum ferdum innan borgarinnar, er munur milli svaeda borgarinnar &
heildarlosun fra éllum ferdum ekki marktekur, og er ad medaltali um 4000 til 4500 kg af
koltvisyringsigildum & ari & mann.



Background

Knowledge of actual mobility patterns and relationships between urban form and mobility
behavior is necessary to guide sustainable mobility planning in cities. Previous research on
such relationships points to the significant role of urban structure that is nevertheless modified
by psychological, social and cultural factors. Existing evidence is based on studies conducted
predominantly in the USA (e.g. Ewing and Cervero, 2010) and Nordic countries (Naess,
2012). Still, there have been few studies conducted on this topic in Iceland. The proposed
project would strengthen the evidence basis for changes in urban structure aimed at increasing
access to services while lowering environmental impacts of travel. SoftGIS methodology
proposed for the project has been successfully used in numerous studies on environmental and
psychological factors of everyday mobility in Finland (Salonen et al. 2014; Haybatollahi et al.
2015; Broberg & Sarjala, 2015) and other countries (Czepkiewicz et al. 2016).

Despite the relatively low environmental impact of domestic production, residents in Nordic
countries cause relatively high levels of emissions, when indirect sources are taken into
account. It is largely due to increased outsourcing and high level of consumption power
(Heinonen et al. 2013ab; Wiedmann et al. 2015; Ivanova et al. 2016). This is also true for
Iceland, which has a low level of climate impact associated with local energy production, but
indirectly causes high level of emissions due to the import of goods produced elsewhere, and
an important role of private car and aviation in individual travel — resulting in emissions as
high as in e.g. Australia or the UK according to a recently published first-ever study of the
carbon footprints of Icelandic consumers (Clarke et al. 2017). More detailed calculations of
indirect emissions associated with lifestyles of Icelanders are still rare and researchers have
only recently started to apply life-cycle analysis (LCA) methods to Icelandic economy
(Clarke et al. 2017; Heinonen 2017).



Project goals and outcomes

SuReCaRe is set to improve our understanding of the premises of creating sustainable urban
settlements, with the focus on Reykjavik Capital Region. The project approaches the issue in
a novel way never used in Iceland before. Data about the lifestyles, transport habits, feelings,
and attitudes are collected with a SoftGIS survey combining map and traditional survey tasks.
Climate impact of individual behavior is estimated using a life-cycle analysis (LCA)
methodology that takes into account indirect sources of greenhouse gas emissions. The
combination of methods enables new analytical possibilities that will improve understanding
of individual lifestyles and premises of sustainable urban development of the Capital Region.

Project goals

The project poses research goals and questions in three themes closely related to the
Landsskipulagsstefna 2015-2026:

e Everyday mobility and use of services: in relation to part 3.2 of the policy (Sjalfbeert
skipulag péttbylis) the project investigates mobility patterns (e.g. distances, directions,
frequencies, and travel modes) of young adults living in the Capital Region, the
climate impact of the mobility patterns, and the extent to which settlement structure
influences these patterns at local and regional scales.

e Well-being and residential satisfaction: in relation to part 3.3 of the policy (Gadi hins
byggda umhverfis) the project investigates how the urban structure of Capital Region
contributes to a good life and flourishing of its inhabitants, and whether the built
environment provides well for the residential needs and preferences expressed by
young adults in the region.

e Climate impact: in relation to part 3.7 of the policy (Natturuva og loftslagsbreytingar)
the project investigates climate impact (i.e. direct and indirect greenhouse gas
emissions of service use and mobility) of individual behaviors of young adults of the
Capital Region, and the degree to which the climate-relevant behaviors are influenced
by settlement structure in local and regional scales. The chapter shows examples of
Figures and Tables and their references to them.

Project outcomes

The research goals and questions of the project area realized and answered by performing the
following tasks:

Task 1.  Quantitative description of urban form characteristics in the Reykjavik Capital
Region. The measures of the urban form was based on external GIS data sources
obtained from SSH (http://ssh.is/), GMES Urban Atlas, OpenStreetMap, and Landsat.
The measures were calculated in GIS-based buffers related to the residential location
of study participants. The content of urban form measures was chosen based on their
relevance for well-being and sustainability, including such aspects as service and job
accessibility, population density, access to green and open spaces, street layout, and


http://ssh.is/

access to public transportation. The task resulted in GIS layers and digital maps that
can be shared with other institutions for use in planning and research.

Task 2. Quantitative description of the residents’ climate impacts from transport. The
internal structure of individual climate impacts was based on behavioral data reported
in the survey and life cycle assessment (LCA) approach, that includes both direct (fuel
combustion) and indirect (fuel and energy production, infrastructure construction,
vehicle manufacturing) emissions. The LCA data and calculation methods were taken
from previous studies (e.g. Chester & Horvath, 2009; Aamaas et al., 2013,
Czepkiewicz et al., 2018).

Task 3.  Quantitative analysis of relationships between individual traits of respondents,
urban form measures, climate impacts, and well-being. Urban form characteristics and
individual climate impacts were calculated in tasks 1 and 2 described above.
Individual traits were elicited with an online survey that included socioeconomic and
demographic characteristics, and psychological and cultural attitudes. Well-being and
residential satisfaction was derived from answers to a series of Likert-like statements
included in the survey. The data allowed for testing relationships between urban form
and individual characteristics on one side, and well-being and climate impacts on the
other side.

The report includes the results of Task 1 and 2. The results of task 3 are included in
forthcoming academic publications. The following sections refer to each of the tasks by
presenting the methods and materials used to perform each task, its results, and conclusions.



Urban form characteristics in the

Reykjavik Capital Region
Density- and transport-related measures
Population density

Materials and methods

Measures based on population data provided by Samtok sveitarfélaga & hofudborgarsveedinu
(SSH) were calculated in 100 m grid. As spatial units, 1km buffers were used, both simple
and street network-based. To assign population data to each buffer, the statistics of the grid
cell centroids that were contained or intersected by each buffer were summarized. The
statistics included the number of residents within buffers (figure 1) and population density per
hectare (figure 2).

Population density is one of the most commonly used measures of urban density. It
approximates the social opportunities related to meeting other people and is often related to
the availability of various services. The measures calculated in street network buffers may be
interpreted as the number of people that can be reached within a 10-15 minute walk from
home. The measures in simple buffers are the more conventional way of measuring
population density, which does not consider characteristics of the street network.

Results

The highest population densities are observed in central and near-central Reykjavik
(Austurbeer, Hlidar, Vesturbeer), and more peripheral locations, such as Breidholt and
Haaleiti. High population densities are also observed at the very central parts of
Hafnarfjoréur, Képavogur, and Grafarvogur. The lowest population densities are observed in
Gardabzer, Mosfellsbar, Alftanes, Arbar, and Vatnsendi.
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Figure 1. Spatial distribution of population density in the Capital Region measured as the number of
residents within 1km street network buffer (approximately 10-15 minutes walk)
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Figure 2. Spatial distribution of population density in the Capital Region measured as the number of
residents per hectare within 1km simple buffers around residential locations

Street connectivity

Materials and methods

Street connectivity is one of the measures of walkability (i.e. propensity of urban
environments to support walking for transportation). It is defined as “the directness and
availability of alternative routes from one point to another within a street network™ (Handy et
al., 2002). Usually calculated in administrative units, it can also be calculated in areas related
to residential location. Following Hirsch et al. (2014), it is calculated here as the ratio between
the area covered by 1km simple buffer and area covered by 1km street network buffer.

The measure assumes values between 0 and 1, but due to polygon generalization, it may
slightly exceed 1. High values mean that the street network around the location is dense and
well connected, there are many pedestrian paths, there are few closed areas or they are small
and that a large area can be covered on foot. Low values mean that the street network is
fragmented and sparse (e.g. there are many cul-de-sacs and few pedestrian paths), there are
large areas that do not allow passage (e.g. airports, factories, water bodies) and that only a
small area can be covered on foot. Areas with good street connectivity potentially offer better



access to services and other destinations, but the measure does not directly cover this aspect

of walkability.

Results

The highest connectivity is observed in downtown Reykjavik, the old part of Vesturber,
Hlidar, Breidholt, and some centrally located parts of Grafarvogur and Hafnarfjérdur. Lower

values are observed in more suburban and coastal areas (Figure 3).
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Figure 3. Spatial distribution of street connectivity around places of residence measured as a ratio
between a 1km simple buffer and 1km street network buffer.

Access to public transportation

Materials and methods

Access to public transportation is one of the key variables related to everyday travel in cities.
It can be measured in a variety of ways and in this case, it is based on distance to bus stops
and average frequency of departures from the stops. The data on bus stop location and
attributes was downloaded from SSH website. The bus stops were divided into three classes,
similarly as in SSH materials: stops that have at least 10 departures per hour on average
(waiting time about 6 minutes), stops that have at least 4 departures per hour on average
(waiting time about 15 minutes) but less than 10 departures, and stops that have less than 4


http://ssh.is/saekja-gogn

departures per hour on average. Then, areas located within walking distance to the stops of
each category were delineated using Service Area tool in Network Analyst in ArcGIS 10.5.
The threshold distance was 400 meters, which roughly represents a distance that can be
covered in 5 minutes by an average person. Then, the residential areas were assigned to the
zones with access to bus stops of varying departure frequency. An alternative version of the
measure in which the threshold distance equals 332 meters was also calculated. The zones are
similar to those used by the SSH, but in our measures, the distances are measured along the
street network and not as straight lines, and as such are more realistic.

Results

The results show that the vast majority of the Capital Region has access to a bus stop within a
5-minute walk, but with varying frequency of departure. The zone with the best access (Zone
1) is located in Reykjavik city center, around bus stops and stations such as Lakjatorg and
Hlemmur, along the main roads of Reykjavik, such as Bustadavegur and Hringbraut, and
around major stops, such as Mjodd, Artdn, Spongin, Asgardur in Gardaber, Hamraborg in
Kopavogur, Fjordur in Hafnarfjorour, and the main stop in Mosfellsbaer. This zone is
inhabited by 19.4% of residents in the region. It is surrounded by zone 2, in which buses
depart less frequently, albeit not evenly. Most notably, almost no areas in Gardaber and
Mosfellsbaer belong to this zone. The zone houses 34.1% of residents in the region. Almost all
remaining areas of the Capital Region belong to the zone 3, in which there are buses within a
5-minute walk, but the frequency of departures is less than 4 per hour (average waiting time is
longer than 15 minutes). It’s the largest zone, and it houses 43.4% of residents. Areas with no
access to a bus stop within walkable distance are rare but do exist, mostly in fringe areas of
Mosfellsbeer, Gardabeer, and Képavogur. Only 3.1% of the residents live in this zone.

Zone 4: no bus stop within a 5-minute walk .
Zone 3: less than 4 departures within a 5-minute walk
Zone 2: between 4 and 10 departures within a 5-minute walk

Zone 1: 10 departures or more within a 5-minute walk

0 20000 40000 60000 80000 100000 120000

Number of inhabitants

Figure 4. The number of inhabitants with different levels of access to public transportations based on
distance to bus stops and departure frequency (bus stop and population data source: SSH.is).
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Figure 5. Spatial distribution of different levels of access to public transportation based on distance to
bus stops and departure frequency (bus stop data source: SSH.is).

Distance to the city center

Materials and methods

Distance to the city center was calculated as the shortest driving route between each grid cell
and the point chosen to represent the center. The point was located at the corner of
Laugavegur, Bankastreeti, and Skolavordustigur, after consultation with an expert (Harpa
Stefansdéttir). The driving distances were determined with Route algorithm in Network
Analyst toolset in ArcGIS 10.5. The street network was based on roads layer (samgoéngur)
from the i50v topographic map. The variable was calculated in two versions, in meters and

kilometers. The distances were also grouped into 3 km bands such as 0-3, 3-6, 6-9, 9-12 and
SO on.

The measure is a crude representation of the centrality of residential locations. It is thought to
represent the location on the urban-suburban continuum and can be used as a proxy for access
to jobs and services in mono-centric cities. Despite its rather simple character it has been
employed in many studies, in which it has been significantly related to longer traveling
distances, longer commuting times, higher energy use for transport, and more frequent use of



motorized travel modes, especially private car (Holden & Norland, 2005; Nass et al., 2010;
Naess, 2012).

Results

Four neighborhoods are located within 3 kilometers driving from the city center: Austurbeer,
Vesturbaer, Hlidar, and Tun, roughly corresponding to the postcodes 101, 107, and 105. The
next distance band, between 3 and 6 kilometers includes Seltjarnarnes, central parts of
Kopavogur, and postcodes 104 and 108 in Reykjavik. Gardaber, the southern part of
Kopavogur, Breidholt (postcodes 109, 111 in Reykjavik), and Arbar mostly belong to the
band between 6 and 9 kilometers from the city center. Other areas, including Hafnarfjordur,
Alftanes, Grafarvogur, and Mosfellsbar are located farther away. In 2017, around 40
thousand people lived in bands 0-3 km and 3-6 km, and more than 50 thousand people lived
in bands 6-9 km and 9-12 km.

60000

50000

40000
30000
20000
10000 l
0 ]

0-3 km 3-6 km 6-9 km 9-12 km 12-15 km 15+ km

Number of inhabitants

Distance to the city centre

Figure 6. The number of inhabitants living in different distance bands to the city center (population
data from January 2017, source: SSH.is)
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Figure 7. Driving distances to the city center from residential locations in the Capital Region
Travel-related urban zones
Materials and methods

The classification was based on a similar one calculated in Helsinki and Stockholm. The
method is based on the theory of three urban fabrics: a walking city, a transit city, a and car
city, proposed by Newman et al. (2016). The calculation methods applied in Helsinki and
Stockholm are described in detail by Ristimaki et al. (2011) and Séderstrom et al. (2015). The
definitions, datasets and calculation methods used in developing the urban zones for the
Capital Region are presented in table 1. Four steps were involved in delineating the zones:

1. Delineation of densely built and populated areas: for each 100 m grid cell, the
population density was calculated in circular buffers with 500 m radius (calculations
in Helsinki used 8 cells neighboring a 250 m cell — approximately 375-530 meter
radius). The cells were divided into 4 ordered groups based on Jenks Natural Breaks
methods, each getting score between 1 (the lowest) and 4 (the highest) (Figure 8).

2. Delineation of commercial centers: for each 100 m grid cell, floor area density of
commercial and office class was calculated in circular buffers with 500 m radius (in
Helsinki it was 8 cells neighboring a 250 m cell — approximately 375-530 meter



radius). In Helsinki, job data in retail and total jobs were used, but such data was
unavailable in the Capital Region. The cells were divided into 4 ordered groups based
on Jenks Natural Breaks methods, each getting score between 1 (the lowest) and 4 (the
highest) (figure 9).

3. The central point of the main commercial center was identified as a centroid of a
contiguous area with a summary score of the centrality of at least 11, which was at the
intersection of Vitastigur and Laugavegur streets in downtown Reykjavik (figure 11).

4. Delineation of areas with different levels of access to public transportation. First, the
bus stops were divided into three classes: stops that have at least 10 departures per
hour on average (waiting time about 6 minutes), stops that have at least 4 departures
per hour on average (waiting time about 15 minutes) but less than 10 departures, and
stops that have less than 4 departures per hour on average. Then, areas located within
walking distance to the stops of each category were delineated using Service Area tool
in Network Analyst in ArcGIS 10.5. The threshold distance was 332 meters, which
roughly represents a distance that can be covered in 5 minutes by an average person,
and is used in similar calculations published by SSH. Then, each grid cell was
assigned to the zones with access to bus stops of varying departure frequency. Cells
with access to a stop with at least 10 departures were assigned score 4, those with
access to a stop with between 4 and 10 departures were assigned score 3, with access
to a stop with less than 4 departures — score 2, and the remaining cells were assigned
score 1 (figure 10).

5. Delineating zones was done by assigning zone numbers to grid zones according to
criteria described in table 1. The final result is presented in figure 12.

In the methods applied in Helsinki and Stockholm pedestrian zones of sub-centers were
delineated as one of the zones. Besides being concentrations of population and retail jobs, and
major public transportation hubs, these areas are characterized by having a mix of functions
and land uses, and a walkable urban structure (Ristimaki et al., 2011). Even though seven
commercial sub-centers were identified (figure 12), none of them is surrounded by a
pedestrian zone, and thus pedestrian zones of sub-centers could not have been defined in our
classification.


http://ssh.is/samgongur/straeto
http://ssh.is/samgongur/straeto

Table 1. The criteria used to delineate the travel-related urban zones

Zone name

The central pedestrian
zone

The fringe of the
central pedestrian zone

Intensive public
transportation zone

Basic public
transportation zone

Car-oriented zone

Definition

Densely built and populated, located within
a walkable distance from the main
commercial center (up to 1500 meters),
contains a high number and diversity of jobs
and services, and has a good access to
public transport.

Densely built and populated, located within
a bikeable distance from the main
commercial center (up to 3000 meters) from
the main commercial center, contains a high
number and diversity of jobs and services,
and has a good access to public transport.

Area in which the public transport
frequency is at least 10 departures per hour,
and walking distance to a bus stop is less
than 5 minutes (332 meters)

Area in which the public transport
frequency is at least 4 departures per hour,
and walking distance to a bus stop is less
than 5 minutes (332 meters)

Area in which the public transport
frequency is less than 4 departures per hour
or there is no bus stop within walking
distance of 5 minutes (332 meters)

GIS calculations

The contiguous area within 1500 m
network distance from the main
commercial center.

The contiguous area between 1500
and 3000 m distance from the main
commercial center

Not included in the above zones
AND bus stop with at least 10
departures per hour within a 5-minute
walk (332 m street network distance).

Not included in the above zones, bus
stop with at least 4 departures per
hour within walk (332 m street
network distance).

Not included in the above zones
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Access to green, blue and open spaces

Water

Main roads
Post codes
Main city center

Sub-centers

Percentage of area covered with green, blue, and open spaces

Materials and methods

The measure was calculated as a percentage of land use classes within the spatial units. The

land use classes were taken from the GMES Urban Atlas data set provided

for Reykjavik

urban region by the European Environmental Agency (EEA, 2016). The data set is based on
the classification of remote sensing images and field audits conducted in 2012 in all European
urban regions of at least 100,000 inhabitants. Thus, the measures based on the Urban Atlas
can be and has been applied to all major cities in Europe (e.g. Kabisch et al. 2016). The

dataset’s spatial resolution corresponds to 1:10 000 topographic maps. The

map does not

capture small and dispersed green spaces, such as street greenery or private yards. Three
measures based on different land use classes were calculated (Table X). Ocean water, that is

not included in the Urban Atlas data set was added.

Table 2. Urban Atlas land use classes used in calculations



Name

Open spaces

Green spaces

Blue spaces

Definition

All not-built-up areas that include
natural features and are publicly
accessible

Areas covered by vegetation that
are publicly accessible

Areas covered by water bodies,
such as rivers, lakes, and the
ocean

Urban Atlas land use classes included

Green urban areas

Sports and leisure facilities

Pastures

Forests

Herbaceous vegetation associations (natural
grassland, moors...)

Open space with little or no vegetation (beaches,
dunes, bare rocks, glaciers)

Wetlands

Water

+ Ocean water

Green urban areas

Pastures

Forests

Herbaceous vegetation associations (natural
grassland, moors...)

Wetlands

Water
+ Ocean water



Results
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Figure 13. The proportion of open spaces in the 1km simple buffer
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Figure 15. Presence of water within 10-15 minute walk from a residential location (i.e. 1 km street
network buffer)

Mean NDVI values
Materials and methods

Normalized Difference Vegetation Index (NDVI) was calculated in 1 km buffers around grid
cells. The index was calculated with Landsat 8 imagery downloaded from EOS Land Viewer.
The image was taken on 30" July 2016. Its spatial resolution is 30 m. The index values were
calculated in Raster Calculator in QGIS using the general formula: NDVI = (NIR — RED) /
(NIR + RED). The specific formula for Landsat 8 is NDVI = (Band 5 — Band 4) / (Band 5 +
Band 4). Mean values of the index in each buffer were then calculated using “Raster statistics
for polygons” tool in SAGA GIS.

The NDVI captures areas covered by vegetation and productivity of the vegetation by
utilizing difference of how photosynthesizing plants reflect and absorb light in the red and
near-infrared spectrum. Similar measures have been used in studies on the influence of
neighborhood greenness on health and well-being (Tilt et al., 2007; Rhew et al., 2011).
Advantages of this measure include capturing all green spaces, vegetated land, and dispersed
individual plants that are visible from above, regardless of their size or classification in
topographic or land use maps. This allows capturing private gardens, street trees and other



types of vegetation that are relevant for aesthetics and human health but are often not featured
on maps. The main disadvantage of this measure is that it excludes water bodies from the
calculation, even though they are important for recreation in coastal cities such as Reykjavik.

Results
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Figure 16. Distribution of mean NDVI values in Reykjavik Capital Region calculated in 1km street
network buffers around grid cells.
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Interpretation

The mean NDVI has the lowest values in built-up areas surrounded by water or sparsely-
vegetated land. Some of them centrally located. Including downtown Reykjavik, Vesturber,
Seltjarnarnes and the eastern part of Kdpavogur (Karsnes). The index has the highest values
in areas surrounded by a thicker vegetation, such as forests. Most of them peripherally
located, including suburban parts of Reykjavik (Grafarvogur, Grafarholt, Breidholt, Arber),
Mosfellsbaer, Alftanes, and eastern parts of Gardabar, Kopavogur (Vatnsendi), and
Hafnarfjorour. The regions with low values do not have good access to thick and vast
vegetation such as forests, river valleys, and shrubs, even if they may have access to coastal
areas. The regions with high values do have good access to forests, river values, and other
areas with thick and vast vegetation.



Residents’ climate impacts from
transport

Materials and methods
Data collection and sampling

The climate impacts were associated based on the travel patterns reported by individuals who
took part in an online survey administered between 12th of September and 7th of November
2017 in three languages: Icelandic, English, and Polish. The survey employed a softGIS
method, which combines traditional questionnaires with Internet maps and allows participants
to mark locations on a map and answer questions pertaining to these locations (Brown and
Kyttd, 2014). The questionnaire is available online at https://app.maptionnaire.com/en/2294/.

The target population of the survey were registered residents of the Reykjavik Capital
Region (the municipalities of Reykjavik, Képavogur, Hafnarfjérdur, Gardabzr, Mosfellsbar,
Seltjarnarnes, and Kjosarhreppur), aged between 25 and 40 as of 1st of August 2017.

Sampling was done by randomly drawing 6000 target group members from Registers Iceland,
(Pjodskra islands) using a geographically stratified sampling method, in which the proportion
of residents of each municipality is the same in the sample as it is in the target population.
About 5184 invitations have been properly delivered and resulted in 735 answers (response
rate 14.2%), of which 588 were completed (response rate 11.3%).

The questionnaire consisted of 12 thematic pages, of which four were relevant for this report:

1. Page 4 contained questions related to the location and characteristics of a place of
residence, workplaces, and study places.

2. Page 5 consisted questions related to location and characteristics of places visited
within the Capital Region (i.e. local trips). The respondents were asked to mark
between 5 and 15 locations that they have been frequently visiting. The time frame
was not specified, to capture habitual travel patterns. Participants marked locations in
six categories: services and errands; shopping; leisure and going out; culture and
sports events; daycare, kindergarten or school; sports and active recreation. Each
marked location was associated with additional questions about travel mode, the
frequency of visits, and direction of travel (i.e. whether it is visited from home, work
or study place, or on the way between home and work/study place).

3. Pages 6 and 7 consisted questions related to destinations visited within Iceland but
away from the Capital Region (i.e. domestic trips), and destinations visited away from
Finland (i.e. international tips). On both pages, the participants were asked to mark all
trips made during 12 months previous to the survey. Domestic trips were grouped into
four categories by travel mode: car, bus, plane, and boat. International trips originating
in Iceland were grouped into two categories: plane, and boat. The international trips
not originating in Iceland were in three categories: car, train, and bus. Each marked
location was associated with questions regarding the number of trips made to the
location during the last 12 months, trip purpose, main motivation to take the trip, and
the trip origin. For trips made by plane, there was a question on the number of


https://app.maptionnaire.com/en/2294/

interchanges, and for trips made by car, a question on the number of passengers, and a
question about hitchhiking trips.

Trip distances and frequencies
The calculation of distances differed between geographical scopes and travel modes:

1. Distances to international and domestic destinations visited by plane and international
locations visited by ferries were calculated as geodesic shortest distances between
home and the destination in a Spatialite database using The World Geodetic System
1984 (WGS84) coordinate system to take into account the curvature of the Earth.
Every regional and international destination was treated as a two-way trip. The
distance estimation was corrected by multiplying by 1.2 per interchange to account for
the deviations from the shortest distances that result from the interchanges.

2. Distances to international destinations not originating in Iceland and visited by car,
bus, or train, were calculated as geodesic shortest distances and multiplied by a
“detour factor” of 1.417 to account for the deviations from the shortest distances that
result from the street and rail network layouts.

3. Distances to domestic destinations visited by car, bus or ferry, were calculated along
the road network data obtained from the i150v topographic map, and the ferry network
data obtained from EuroGlobalMap and OpenStreetMap and checked with ferry
operators’ websites. The distances between home locations and destinations were then
calculated using Route tool in the Network Analyst toolbox in ArcMap 10.

4. Distances to local destinations were calculated along the street network data obtained
from OpenStreetMap for walking and cycling, and i50v topographic map for car and
bus. The distances between home locations and destinations were then calculated
using Route tool in the Network Analyst toolbox in ArcMap 10.

The frequencies of local trips were measured in categories related to weekly or monthly
periods (e.g. “five to seven times a week” or “once or twice a month”) and coded numerically
to estimate the number of trips made during 12 months. The reported number of trips in
regional and international travel was also coded numerically and used to estimate the number
of trips in 12 months. The yearly distance traveled to each of the marked destinations was
then estimated by multiplying distances and frequencies. The yearly distances were then
multiplied by GHG emission coefficients described below.

Greenhouse gas emissions

The GHG assessment was conducted with a life cycle assessment (LCA) approach, which
considers both the direct and indirect emissions from travel. The sources of indirect emissions
include fuel and electricity production (for electric vehicles), vehicle manufacturing, and
infrastructure construction, which are the major contributors to the GHG emissions from
transport (Chester and Horvath, 2009). The measures of global warming potential over 100
years (GWP100) was employed. In addition to the long-lived GHGs (LLGHG) typically
included in GWP calculations, such as carbon dioxide or nitrous oxide, the short-lived climate
forcers (SLCFs) were included, such as black carbon, organic carbon, volatile organic
compounds, contrails, and aircraft-induced cirrus. The SLCFs are highly relevant for
estimating the climate impacts of air travel and less relevant for those from ground transport
(Aamaas et al., 2013).



Following emission data sources were utilized:

1.

Due to the absence of data sources from Iceland, the direct combustion emissions of
buses were taken from the LIPASTO database produced by the VTT Technical
Research Centre of Finland Ltd (VTT 2016).

For air travel, the combustion phase emissions were taken from Aamaas et al. (2013),
and the split into short (<800 km) and long (>800 km) flights follow the source. The
values are considerably higher than values without SLCFs provided by VTT (2016),
where emissions are estimated at 0.26 CO2e kg/PKT for flights shorter than 463 km,
and at 0.11 CO2e kg/PKT for flights above 3000 km. Therefore, the inclusion of
SLCFs emphasizes the importance of emissions caused by air travel, and long-haul
flights in particular.

The indirect emissions coefficients were taken from Chester and Horvath (2009),
including roadways, tracks, stations, runways and other infrastructure, vehicle
production and maintenance and fuel production. The uncertainty of the measures lies
in the assumptions that the emissions are compatible between the U.S. and Iceland.

For trips with private cars, the fuel efficiencies and occupancy rates reported by the
survey respondents were used. The fuel efficiency was asked with a five-category
question with options from below 4 liters per 100 km (1/100km) up to over 10 I/100km
with two-liter intervals and separate options for electric vehicles. For those who did
not answer the question on fuel efficiency, the average if 7.6 1/100km was assumed.
For the trips without data on car occupancy, the average occupancy rates of 1.3 for
local trips and 1.9 for all other trips were assumed, following the LIPASTO database.
The estimated fuel consumption was turned into GHG emissions with a multiplier of
2.36 kg CO2e/liter (US EPA 2008).



Table 3. GHG emission coefficients per travel mode in CO2e kilograms per person kilometer traveled

[kg/PKT]
Indirect emissions
Travel Travel Explanation and sources Direct Total
scope mode emissions: | Fuel Life | emissions
combustion | production | cycle
Local Car Reported fuel efficiency 0.138 0.026 | 0.074 0.238
(liters per km, survey data)
times 2.36 kg CO2e/liter (US (average)
EPA, 2008), divided by 1.3
car occupancy (VTT, 2008).
Indirect emissions for San
Francisco Muni (Chester &
Horvath, 2009).
Bus Natural gas bus, the average 0.069 0.031| 0.050 0.150
occupancy rate in local
traffic, 18/50 passengers
(VTT, 2008).
Domestic Plane LLGHGs and SLCFs 0.300 Included in | 0.020 0.320
and <800 km | included (Aamaas et al., combustion
international 2013), indirect emissions for factor
a midsize aircraft (Chester &
Horvath, 2009).
Plane 0.240 Included in | 0.020 0.260
>800 km combustion
factor
Ferry Helsinki- 0.223 0.015 | 0.020 0.258
Stockholm, average
occupancy (VTT, 2008),
indirect emissions for a
midsize aircraft (Chester &
Horvath, 2009).
Bus Diesel bus, average 0.049 0.037 | 0.058 0.144
occupancy rate on long
distance trips, 12/50
passengers (VTT, 2008)
Train Pendolino and intercity 0.022 Included in | 0.062 0.084
trains, average occupancy combustion
(VTT, 2008). Indirect factor

emissions for an SFBA
Caltrain (Chester & Horvath,
2009).




Spatial analysis

The emissions were calculated per each study participant, aggregated to spatial units, and
analyzed with spatial statistics. To create the chart in figure 19, the participants were
aggregated into four equal distance bands from the city center (described in section 4.1.a). To
create the chart in figure 18, the participants were aggregated into travel-related urban zones,
whose calculation is described in section 4.1.5. Figures 20-22 were calculated using a Getis
Ord Gi* method in Hot Spot Analysis tool in ArcMap 10, in which local averages of analyzed
values are compared to regional averages. When the local average is higher or lower than the
expected value, and the difference is too large to be the result of random chance, the area is
highlighted as a “hot spot” or a “cold spot”, respectively. The method is described in more
detailed in the ArcMap documentation.



http://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-statistics-toolbox/h-how-hot-spot-analysis-getis-ord-gi-spatial-stati.htm

Results

There is a clear geographical trend in emissions from local travel, regardless if the
aggregation is based on the travel-related urban zones (Figure 18), or distance from the city
center (Figure 19). The residents of areas close to the city center cause much lower emissions
(ca. 500 kg CO2e per year per person in the central pedestrian zone) than the residents of
more peripheral areas (ca. 1400 kg CO2e per year per person in the car-oriented zone). The
emissions lower than the average cluster in Reykjavik postcodes 101, 105, 103, and 104, and
appear to be correlated with distances to the city center and to major concentrations of
workplaces (Figure 20). The emissions higher than the average cluster in areas most distanced
from the city center, and most reliant on car traffic: Grafarholt, Mosfellsber, and
Hafnarfjorour (Figure 20). The observed trend is thus mostly due to differences in the use of
private cars for daily travel. The results are in line with previous studies, which point out to
distance to the main city center as the primary factor of car use, and emissions from daily
travel (e.g. Naess, 2012).

The trend is almost reversed in international travel. The residents of the most central areas
cause higher emissions (ca. 3600 kg CO2e per year per person in the central pedestrian zone)
than the residents of more suburban areas (ca. 2400 kg CO2e per year per person in the car-
oriented zone). The emissions higher than the average cluster in Vesturbar and Midbeer
(Reykjavik postcodes 101 and 107). The trend is similar to that found in previous studies
conducted in Helsinki (Ottelin et al., 2014; Czepkiewicz et al., 2018a) and in other locations,
as summarized in a recent literature review (Czepkiewicz et al., 2018b). Preliminary results of
Task 3 of the project (in a forthcoming article) point out to the role of income, language skills,
and cosmopolitan attitudes and lifestyles in predicting the number of international trips per
years and the associated emissions.

No significant differences between geographic areas in terms of average emissions from
domestic travel were found (Figure 21). The total travel-related emissions are similar across
the region, and range between 4000 and 4500 kg CO2e per year per person).

Car-oriented zone (n=270) _ 408 _
Basic public transportation zone (n=122) _ 453 _
Intensive public transportation zone (n=42) _26_
Fringe of the central pedestrian zone (n=163) - 467 _
Central pedestrian zone (n=97) - 438 _
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Figure 18. Average GHG emissions from international, domestic, and local travel per resident of the
travel-related urban zones in Reykjavik Capital Region.
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Figure 19. Average GHG emissions from international, domestic, and local travel per resident of the
distance bands from the city center in Reykjavik Capital Region.
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Figure 20. Hotspot map of average GHG emissions from local travel calculated with Getis-Ord Gi*
method. Blue areas (“cold spots”) have emissions lower than the average, and red areas (“hot
spots”’) have emissions higher than the average.
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Figure 21. Hotspot map of average GHG emissions from domestic travel calculated with Getis-Ord
Gi* method. Blue areas (“cold spots”) have emissions lower than the average, and red areas (“hot
spots”’) have emissions higher than the average.
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Figure 22. Hotspot map of average GHG emissions from international travel calculated with Getis-
Ord Gi* method. Blue areas (“cold spots”) have emissions lower than the average, and red areas
(“hot spots”’) have emissions higher than the average.
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