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Abstract 

A lot of emphasis has been put on densifying urban form to reduce transportation emissions. 

However, many recent studies have found that urban dwellers, even though their carbon 

footprints of daily transportation may be lower, are responsible for higher emissions than 

those that reside in rural areas. Along with urban form, environmental concern can be an 

indicator to lower emissions, but studies have found that pro-environmental attitude (PEA) 

does not always correlate with less energy intensive behavior, and that income plays a 

significantly more influential role. This study analyzes how urban zones, PEA and several 

sociodemographic variables are associated with pro-environmental behaviors (PEB) 

regarding household energy consumption, clothing, produce and travel emissions. A dataset 

collected with a softGIS survey was used, which consisted of ~1,000 participants, aged 25-

40, from Helsinki, Finland. Regression and spatial analysis was done using IMB SPSS and 

ArcGIS. Although PEA can affect PEB regarding clothing and produce, no statistical 

significance was found regarding emissions from travel. People with high income are more 

likely to participate in travel and less likely to conserve household energy, but they are more 

likely to engage in PEBs related to produce. Living in pedestrian oriented zones was 

negatively related with local travel emissions and positively with international travel, and 

residents of car oriented zones were more likely to conserve household energy. These results 

might help broaden the current perspective of city planners, as well as identify opportunities 

for more effective mitigation policies. 

Útdráttur 

Mikil áhersla hefur verið lögð á að þétta byggð til að draga úr losun gróðurhúsalofttegunda 

frá einkabílnum. Hins vegar hafa margar nýlegar rannsóknir sýnt að borgarbúar beri ábyrð á 

meiri losun en íbúar landsbyggðarinnar, jafnvel þótt kolefnisspor af daglegum samgöngum 

sé lægra. Auk borgarformsins getur umhverfisvænt viðhorf gefið vísbendingu um minni 

losun, en rannsóknir hafa sýnt að lítil fylgni er á milli umhverfsvænna viðhorfa og 

orkusparandi hegðunar, og að tekjur hafa verulega meiri áhrif. Þessi rannsókn skoðar hvernig 

borgarmynstur, umhverfisviðhorf ásamt nokkrum félagsfræðilegum breytum hafa áhrif á 

orkusparnað, matarinnkaup, fatainnkaup og ferðavenjur. Gagnapakkinn sem var notaður 

samanstóð af ~ 1,000 þátttakendum á aldrinum 25-40, frá Helsinki, Finnlandi. Gögnum var 

safnað með softGIS könnun og IMB SPSS og ArcGIS var notað fyrir aðhvarfs- og 

rýmisgreiningu. Þrátt fyrir að umhverfisviðhorf geti haft áhrif á umhverfishegðun sem varðar 

fatnað og mat, fannst engin marktækni varðandi losun frá ferðalögum. Háar tekjur leiða til 

aukinnar þátttöku í ferðalögum og minni orkusparnaðar, en meiri umhverfisvitundar í 

matarinnkaupum. Að búa í fótgangandi borgarformi hafði neikvæð tengsl við staðbundna 

losun gróðurhúsalofttegunda, en jákvæð tengsl við losun frá utanlandsferðum, og einkabíla 

borgarformið hafði jákvæð tengsl við orkusparnað. Þessar niðurstöður gætu víkkað 

núverandi sjónarmið skipulagsyfirvalda og komið augu á tækifæri til árangursríkari 

aðgerðaráætlun í loftslagsmálum. 
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1 Introduction 

1.1 Background 

Anthropogenic activity contributes to global warming, changes in the water cycle, changes 

in climate extremes, sea level rise and melting of ice caps. In fact, it is extremely likely that 

humans have been the dominant cause since the 1950’s (IPCC, 2013). An increased 

concentration of GHG emissions in the atmosphere is the main cause of climate forcing 

(IPCC, 2013). In order to minimize the destabilization of the current climate, concentration 

of CO2 should be kept within the limit of 450 ppm. The current state of anthropogenic 

activity is distressing the earth system, in some cases beyond the planetary boundaries. Both 

biosphere integrity and biochemical flows are already at high risk (Steffen et al., 2015). 

36% of energy related CO2 emissions in developed countries are from the building sector 

(Nässén, Holmberg, Wadeskog, & Nyman, 2007) and 20-25% of global CO2 emissions are 

from the transport sector (Fuglestvedt, Berntsen, Myhre, Rypdal, & Bieltvedt Skeie, 2008). 

In addition to contributing to climate change through housing and transport, most of the 

products we purchase have a carbon footprint, such as electronics, clothing, furniture and 

food. Urban form has been found to affect the carbon footprints of residents (Heinonen, 

Jalas, Juntunen, Ala-Mantila, & Junnila, 2013a, 2013b; Heinonen & Junnila, 2014). The 

production and consumption activities of cities is responsible for the majority of global 

greenhouse gas emissions (Kennedy, Demoulin, & Mohareb, 2012). While around half of 

the world’s population resides in urban areas, cities have been said responsible for 71-76% 

of global energy-related CO2 emissions (CCFLA, 2014).  

Although urban density can lower the emissions from local travel, studies have shown that 

residents of the city centers are responsible for higher emissions than those that reside in 

more sparsely populated areas (Heinonen, 2012; Heinonen et al., 2013a, 2013b; Lenzen, 

Dey, & Foran, 2004; Sovacool & Brown, 2010). 

Greener consumption habits may possess the power to steer the population away from GHG 

intensive activities. However, although awareness of the impacts of global warming is 

growing, many researchers have found that pro-environmental attitude does not always 

correlate with less energy intensive behavior (Bronfman, Cisternas, López-Vázquez, Maza, 

& Oyanedel, 2015; Poortinga, Steg, & Vlek, 2016; Whitmarsh, 2009; Whitmarsh & O'Neill, 

2010). Most of those studies found that income played a significantly more influential role. 

However, other researchers found that environmental concern (along with income) can be 

an indicator to slightly lower emissions (Bruderer Enzler & Diekmann, 2015) and that 

environmental knowledge can lead to more pro-environmental behavior (Díaz-Siefer, 

Neaman, Salgado, Celis-Diez, & Otto, 2015).  

1.2 Research problem & research question 

The aim of this study is to analyze how environmental attitude and residential location affect 

an individual’s lifestyle. This thesis will study the relationships between environmental 

concern and a self-proclaimed ecological lifestyle on one hand and various behaviors and 



2 

purchasing choices on the other to find out how the environmental attitude shows in 

behaviors. It examines differences in these relationships depending on residential zones of 

respondents to find out if residential location can affect how respondents with the same level 

of environmental concern demonstrate their attitudes. The environmental behavior in 

question is regarding household energy consumption, purchasing choices of produce and 

clothing and GHG emissions from travel. 

The research questions are; 

• Does pro-environmental attitude affect pro-environmental behaviors regarding 

household energy, clothing and produce? 

• Does pro-environmental attitude effect the amount of GHG emissions stemming 

from local, national and international travel? 

• Do these relationships differ depending on residential location? 

1.3 Scope & limitations 

The data analysis was a quantitative experimental analysis of a ready-made dataset 

containing 132 variables, collected and processed by a team of researchers using an online 

public participation geographic information system survey targeted to individuals ages 25 

– 40, living in Helsinki Metropolitan area (HMA). Limitations of the study include the 

narrow age range, a limited number of non-travel related behavioral variables which in 

addition were mostly qualitative rather than quantitative, a lack of background information 

of respondents such as number of people living in the household and travel data excluded 

business related trips. 
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2 Literature Review 

This section is divided into three subsections; global GHG emissions from consumption 

activities, the impact of the living environment and environmental attitudes and behaviors. 

The first subsection, global GHG emissions from consumption activities, presents research 

mainly on GHG emissions from food and housing. The impact of the living environment 

subsection presents background research on the implications of densifying the urban 

environment and how urban form effects the amount of GHG emissions from travel. The 

final section is on the relationship between environmental attitude and behaviors, or more 

specifically the gap between pro-environmental attitude and GHG reducing actions. 

2.1 Global GHG emissions from consumption 

activities 

The consumption of individuals undoubtedly has great impact on GHG emissions on the 

global scale. 72% of GHG emissions are related to direct and indirect household 

consumption leaving just 28% contributed by government consumption and investments. 

Of those household emissions, food and shelter were the biggest contributors (20% and 

19%, respectively) closely followed by mobility which accounted for 17% (Hertwich & 

Peters, 2009). Bruderer Enzler and Diekmann reported similar household emission 

statistics although private vehicle use was reported to contribute to a higher share; per 

capita emissions were detailed in seven categories where the largest emission categories 

were cars, air travel, space heating and food which accounted for 33%, 12%, 25% and 16% 

of annual per capita emissions, respectively (Bruderer Enzler & Diekmann, 2015).  

Without mitigation strategies, food-related agricultural emissions will reach ~12.7 Gton 

CO2eq/year by 2070, which is around the same as the total global emissions allowable to 

contain warming by 2 °C. Even with increased livestock productivity and other technical 

advances, mitigating food and agricultural emissions to meet the targets is not plausible 

without dietary changes away from GHG intensive food such as meat and dairy (Hedenus, 

Wirsenius, & Johansson, 2014). The daily choices we make regarding what we consume can 

have a substantial effect on the climate, as a study of the Nordic diet found that food and 

beverage consumption in the EU is responsible for 22-31% of all consumption related 

emissions. The emissions from the production of food products varies greatly in GHG 

intensity; fruit and vegetables are less GHG intensive than meat and dairy products, so 

reducing the global warming potential (GWP) of meals entails limiting meat and dairy 

consumption (in particular beef) and including local produce. In this Nordic study however, 

choosing organic rather than conventional produce had little effect on the GWP (Saxe, 

Larsen, & Mogensen, 2013). One study claimed that meat and dairy products alone were 

responsible for more emissions than road transportation, shipping, air travel and trains 

collectively (Capstick, Lorenzoni, Corner, & Whitmarsh, 2015).  

Although food is accountable for a large share of consumption related GHG emissions, the 

global product supply chain in general, including categories such as clothing and electronics, 

is responsible for a large share of household emissions; one study found that 70% of private 

household emissions were from global product consumption supply chains while 30% could 

be attributed to household energy use and private vehicle use (Baiocchi, Minx, & Hubacek, 
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2010). Not only does household consumption contribute substantially to GHG emissions, an 

environmental impact assessment (EIA) also reported it to be responsible for between 50-

80% of global resource use; land-, material- and water footprints should be considered as 

well.  

Unsurprisingly, higher income is associated with higher household environmental impacts 

(Ivanova et al., 2016). Higher growth rates of gross domestic product (GDP) yield higher 

consumption- and production based emissions, the relationship is higher for consumption 

based emissions, as production based emissions are territorial and high-income countries 

tend to offshore their emissions (Knight & Schor, 2014). A recent study on the carbon 

footprint of Icelanders, found that 71% of household emissions were from imported goods 

(Clarke, Heinonen, & Ottelin, 2017). The study highlights the concept of the carbon illusion, 

where carbon footprints seem lower than in reality, due to offshoring production. The carbon 

emissions of developed nations are spreading spatially, as the supply is moving further away 

from the demand (Kanemoto, Moran, & Hertwich, 2016). Knight and Schor cast doubt on 

the concept of green growth, where countries can increase their GDP while simultaneously 

reducing emissions (Knight & Schor, 2014). 

2.2 The impact of the living environment 

Finding ways of minimizing GHG emissions is a popular topic among researchers. A lot of 

emphasis has been put on densifying urban form to reduce transportation emissions; as cities 

become more compact, distances between services decrease resulting in less dependency on 

cars and shorter trip lengths (Churchman, 1999; Ewing & Cervero, 2001, 2010; Rickwood, 

Glazebrook, & Searle, 2008). Many cities have incorporated dense urbanization into their 

plans to lower their emissions. In a study of the mitigation strategies of 124 European cities, 

the distribution of emissions in the baseline emissions inventory was as follows; buildings 

49%, transport 26.3% and industry 22.1%. The study showed that the highest intended 

emissions reductions were to be from the private transport sector with an intended 54% 

reduction on baseline emissions, which constituted a mere 1.6% of the cities total baseline 

emissions (Croci, Lucchitta, Janssens-Maenhout, Martelli, & Molteni, 2017). Aviation 

emissions were not included in the study which is not uncommon; cities do not include 

aviation emissions in their inventory due to the fact that the emissions occur outside of their 

territory. Including them would greatly increase the cities emissions inventory. A great 

example of this is that the aviation fuel loaded into airplanes in London would add 50% to 

the total CO2 emissions inventory of the city (Kennedy et al., 2012). 

Dense urbanization may have an influence on local travel; several studies found that density 

was negatively correlated with vehicle GHG emissions (Boucher, 2016; Mindali, Raveh, & 

Salomon, 2004; Norman, MacLean, & Kennedy, 2006).  However, many recent studies have 

found that urban dwellers, although their carbon footprints of local transportation may be 

lower, are responsible for higher emissions than those that reside in rural areas (Heinonen, 

2012; Heinonen et al., 2013a, 2013b; Lenzen et al., 2004; Sovacool & Brown, 2010). The 

current compact city planning policy of the UK which places focus on densification and 

transport was found to have virtually no impact on long-term energy and resource 

consumption of residents. Furthermore, compaction policies can often lead to a less desirable 

environment with limited housing choice, crowding and congestion (Echenique, Hargreaves, 

Mitchell, & Namdeo, 2012). A study on mitigation strategies of European cities found that 

density was negatively associated with intended emission reductions with local energy 
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production, as dense cities have more difficulty in sourcing green electricity locally (Croci 

et al., 2017). In addition to these undesirable aspects of densification, it might not have the 

planned effect on sustainable transport. Density has been found to have the weakest effect 

on transportation choices (walking, transit and automobile use) of factors such as diversity 

and destination accessibility (Ewing & Cervero, 2010).  

Jones and Kammen found that total household emissions increase with increased population 

density until density reaches around 3000 people per square mile, at which point emissions 

decrease. Suburban areas were found to have on average 25% higher household carbon 

footprints than urban cores but denser suburbs had a higher footprint than sparse ones. They 

used measures that estimate demands for food, energy, transportation, goods and services to 

derive household carbon footprint rather than measure the consumption (Jones & Kammen, 

2014). Another study, which does not address consumption related emissions, was by 

Glaeser and Kahn which stated that around 40% of GHG emissions in the USA could be 

attributed to cars and homes. They found that transport and housing emissions were 

significantly lower in cities than in suburban areas (Glaeser & Kahn, 2010). 

Another popular mitigation strategy is creating more energy efficient housing as 68% of 

cities plan mitigation reductions in the building sector (Croci et al., 2017). A study of carbon 

footprints in Finland found that although new more energy efficient housing greatly reduces 

GHG emissions from housing energy, the high overall carbon footprints of residents of the 

inner urban core cancel out the emissions reductions of new housing, as the highest footprints 

were from residents of the inner urban area living in new housing. This was largely due to 

more consumption associated with the central areas. The lowest per capita footprints were 

from residents of peri-urban areas living in new housing (J. Ottelin, Heinonen, & Junnila, 

2015). 

2.3 Environmental attitudes and behavior 

One of the most common policy levers for GHG mitigation is awareness raising (Croci et 

al., 2017). Despite this, many studies find little or no evidence on reduced emissions of 

concerned citizens. Although the aviation sector is expected to be responsible for 15-40% 

of global CO2 emissions by 2050, a recent study from the UK found no correlation between 

restraining from air travel and environmental attitudes, climate concern and household 

level pro-environmental behaviors. However, pro-environmental attitudes and behaviors 

where positively correlated with climate concern (Alcock et al., 2017).  

Other factors than climate concern are often found to be more decisive in GHG mitigation. 

Income is strongly positively correlated with personal CO2 emissions (Baiocchi et al., 

2010; Boucher, 2016) and sociodemographic variables are an imported determinant of 

emissions (Baiocchi et al., 2010). In a study by Boucher, environmental attitudes seemed 

to have no effect on the income-carbon relationship, except with the most climate 

concerned of the population, which say they are alarmed. Household size was negatively 

correlated with total, flight and vehicle carbon footprints although it was positively 

correlated with carbon footprints of diet (Boucher, 2016). Newton et al. demonstrated that 

there was little or no difference in the consumption of energy, water, housing space, urban 

travel and domestic appliances of three groups with very different environmental attitudes: 

“committed” greens, “material” greens and “enviro-sceptics”. The researchers suggest that 
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the value-action gap lies in barriers such as lack of relevant information easily available, 

organizational challenges and time- and money constraints. Comfort, convenience and cost 

seem to overrule values (Newton & Meyer, 2013).  

Although some researchers stress the importance of education and awareness campaigns to 

promote sustainable development (Gratiela, 2013), similar barriers were suggested by 

Young et al., who doubt the effectiveness of policy which relies on green consumers as 

agents of change (Young, Hwang, McDonald, & Oates, 2009). Similarly, Akenji points out 

that it cannot be expected of the consumer to take charge of the problem of unsustainable 

consumption in the current capitalist system. Green consumerism is still a driver of 

resource depletion and pollution, sustainable consumption is not (Akenji, 2014). In a 

survey carried out by Whitmarsh et al., individuals’ environmental awareness revealed a 

possible threat to environmental policies focusing on mitigation through voluntary change 

in behavior. 25.2% of participants agreed that climate change was a natural fluctuation in 

earth’s temperatures and 22.4% were uncertain that climate change was happening. The 

carbon capability of individuals, that is how equipped they are to engage in mitigation, was 

found to be limited in all three dimensions explored; decision-making, behaviors or 

practices and engagement with systems of provision and governance (Whitmarsh, Seyfang, 

& O’Neill, 2011).  
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3 Research design 

The dataset used contains data collected from inhabitants of The Helsinki Metropolitan 

Area (HMA), in the region of Uusimaa, Southern Finland. HMA is an important cultural 

center which produces more than a third of the country’s GDP. It has a densely built 

affluent urban core and suburbs with a mixed socioeconomic structure where the residents 

of west HMA are typically wealthier than residents of the east (Czepkiewicz et al., 2018). 

Around a quarter of the country’s inhabitants live in the area and the fast-growing 

population has a high proportion of young adults. High demand for housing has resulted in 

urban sprawl but the regional land use plan focuses on compaction, where development is 

focused in the center with densely populated corridors formed around the public 

transportation network (Jenks, Kozak, & Takkanon, 2013).  

3.1 Materials 

This thesis is an experimental analysis of a ready-made dataset, collected and processed by 

a team of researchers from the Faculty of Civil and Environmental Engineering at the 

University of Iceland and the Department of Built Environment at Aalto University in 

Finland. 

3.1.1 Data collection 

The data were collected using an online survey, where a public participation geographic 

information system (PPGIS) was combined with closed-ended questions such as multiple 

choice and scaled questions. This method is referred to as softGIS, and the geographical data 

made for an extremely accurate way of measuring distances of travel from points on an 

online map and connecting that travel information to the respondent and his lifestyle. The 

survey is presented in appendix C. It was targeted to individuals aged 25 – 40 and the data 

provided was for a 12-month period of time, as relevant questions state “in the past 12 

months”. After deducting incomplete responses, the response rate was 16.82% as 841 out of 

the 5000 invited to participate completed the survey (Czepkiewicz et al., 2018). 

The dataset had 132 processed and ready to use variables. As well as containing multiple 

variables of household structure, everyday behaviors, attitudes, values, consumption figures 

and background information, the research team had calculated travel distances, estimated the 

GHG emissions from that travel and categorized residential coordinates into urban zones. 

3.2 Methods 

Quantitative research is carried out with numerical data, where mathematical and statistical 

analysis is used to construct results. It can answer research questions were differences and 

associations are to be measured and to describe or quantify variables of interest. 

In the preliminary data exploration, non-parametric quantitative analysis was used as a lot 

of the raw data lacked normality and non-parametric tests are less sensitive to outliers. In 

addition to general descriptive statistics used to visually analyze the data, the main methods 

used to test association and difference were Pearson’s Chi-square, Kruskal-Wallis, 

Spearman’s rho and Mann-Whitney U. The detailed results from the preliminary analysis 
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are presented in appendix B, while an overview of main findings is presented at the 

beginning of the results section.  

The second stage of the research was to compile a more precise analysis of chosen variables. 

Using factor analysis to compute behavioral and attitudinal variables to produce factor scores 

and calculating the natural logarithm of travel data made the variables suitable for regression 

analyses. Multiple linear regression was used for PEB factor scores and the amount of travel 

emissions and binary logistic regression was used for binary participation data. For linear 

regression, the dependent variable should be approximately normally distributed. The 

natural logarithm was used to normalize data as due to a large number of respondents 

reporting 0 emissions from travel, the data were skewed. By also running a binary logistic 

regression on participation in travel emissions, it was possible to capture which variables 

impact whether a respondent had travelled in the past year and see if those same variables 

affect the amount of emissions.  

The regression produced tables where particular relationships could be examined while 

excluding overlap of other variables. Global Moran´s I and local Moran´s I were used for 

spatial analysis where results were plotted visually in geographical maps. 

 

Figure 1: Workflow 

These analysis methods are presented below. Although most of the preliminary results of 

data exploration were not presented in the results section, they are worth mentioning to get 

a better understanding of the research process and scope. 
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3.2.1 Regression 

Multiple linear regression is used to predict a quantitative dependent variable with 

categorical or quantitative independent variables. The independent variables are added 

simultaneously into the model which has this equation: y = b1*x1 + b2*x2 – b3*x3 +…+ c 

where y is the estimated dependent variable, b is the regression coefficients, x is each 

independent variable and c is the constant. Each independent variable is then assessed in 

the model, to see how much it adds to the prediction when all other independent variables 

are also accounted for. The F-test assesses whether all the variables together can predict 

the dependent variable and R2 determines how much variance is accounted for by all the 

independent variables. Beta coefficients are used to determine the magnitude of prediction 

while the t-test determines significance. Normality of the dependent variable is assumed. 

Binary logistic regression is used when the dependent variable is dichotomous and the 

independent variables are categorical or quantitative. X2 evaluates the overall significance 

of the model while the Nagelkerke R2 assesses the percent of variance accounted for by the 

independent variables. Similarly, to the multiple linear regression, beta coefficients are 

used to determine the magnitude of prediction while the t-test determines significance. The 

odds ratio predicts the odds of the occurrence of an outcome given a particular exposure 

compared to the odds of the outcome occurring without it, where a ratio of 1 signifies no 

effect of the variable on the outcome, a negative one lower odds and a positive ratio higher 

odds.  

3.2.2 Spatial analysis 

Spatial autocorrelatation (Global Moran‘s I) measures spatial autocorrelation on locations 

and values simultaneously to see if a pattern is clustered, dispersed or random. A positive 

Moran´s I Index signifies clustering and a negative one a dispered pattern. The p-value and 

z-score provide information on whether the null hypothesis can be rejected, which is that 

the pattern is randomly dispered. 

Cluster and outlier analysis (Anselin local Moran‘s I) identifies clusters of high or low 

values and spatial outliers. With the significance set at a 95% confidence level, it identifies 

whether a value is low surrounded by other low values (low-low cluster), high surrounded 

by other high values (high-high cluster), low surrounded by primarily high values (low-

high outlier) or high surrounded by primarily low values (high-low outlier). 

3.2.3 Preliminary analysis 

For the preliminary experimental analysis, several statistical procedures were tested on the 

data to accumulate interesting findings. The most notable findings which are presented in 

appendix B were analyzed using Pearson’s chi-square, Kruskal-Wallis, Spearman’s rho 

and Mann-Whitney U. 

The Pearson’s chi-square test, or the chi-square test for independence, or the chi-square 

test of association is used to test relationships of two nominal categorical variables. When 

the calculated value of the chi-square coefficient (X2) is larger than the critical value 

coefficient, with alpha of .05 a significant difference can be determined. Degrees of 
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freedom are calculated with the following equation: df = (r – 1)(c – 1) where r is the 

number of rows and c is number of columns. Expected frequencies must not be too small; 

none should be less than 1 and no more than 20% should be less than 5. 

Kruskal-Wallis is a non-parametric statistical procedure used to test differences between 

two variables, an ordinal or continuous dependent variable and an independent variable 

with two or more groups. Homogeneity of variance and normality are not assumed. 

 

Spearman rank correlation or Spearman’s rho is a non-parametric statistical procedure used 

to test a bivariate correlation when one or more of the variables are ordinal and the 

coefficient is on a scale of -1 to 1 where 0 signifies no relationship. Homogeneity of 

variance and normality are not assumed. 

 
Mann-Whitney U test is a non-parametric statistical procedure used to test differences 

between an ordinal or continuous dependent variable and an independent variable with just 

two groups. The test carries out calculations on ranked scored. Homogeneity of variance 

and normality are not assumed. 

3.3 Research process 

3.3.1 Object of research 

The main purpose of this study was to examine the relationships between pro-

environmental attitude and pro-environmental behaviors and to see whether the 

relationships differed depending on residential zones.  

3.3.2 Preliminary analysis 

The first stages of research consisted of non-parametric experimental analysis of the data to 

find interesting correlations and associations. The main findings of the analysis and the 

reasons behind variable selection for further analysis are presented at the beginning of the 

results section, while variable computing and more detailed results of the preliminary 

analysis are presented in appendices A and B. This section gives an explanation to which 

methods were used for certain variables in the preliminary analysis.  

A Pearson’s chi-square test was performed to analyze the relationships between the 

participants six residential zones provided in the dataset and mode of travel to work. It was 

also used to test association with the six zones and having children or not, and if having 

children was associated with car ownership. The six zones were then merged into three (see 

section 3.3.3.) and chi-square was then used to analyze relationships between the three zones 

and having secondary heating. 

A Spearman’s rho analysis was conducted to see correlations of income groups and 

international travel emissions on one hand (including those that reported 0 emissions) and 

total spending of clothing, furniture and electronics on the other. The dataset was split by 

the three merged zones.  

Environmental attitude index scores were assigned to participants based on mean values of 

survey responses; one index was for all questions related to attitudes while two other indices 

split the attitude scores into general attitude and secondary attitude. In some cases where 
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categorical data is needed for analysis the attitude scores are computed into four groups of 

environmental attitude, group 1 for the most environmentally conscious and group 4 the least 

(see appendix A). Spearman’s rho was used to correlate the main pro-environmental attitude 

index scores against annual spending on clothing, electronics and furniture. General and 

secondary attitude scores were then correlated against pro-environmental behaviors 

regarding clothing, produce and household energy, and emissions from local, national and 

international travel. 

A Kruskal-Wallis test was used to analyze differences between the three merged zones and 

total spending on clothing, electronics and furniture. It was also used to test the mean rank 

of environmental attitude against each group of reported vehicle fuel efficiency, number of 

electronics in the household, unmerged residential zones and the merged residential zones. 

A Mann-Whitney U test was performed to test the distribution of mean total annual 

emissions from local, regional and international travel in two groups; one that is concerned 

about the environmental and one that is not. Respondents who reported 0 emissions were 

excluded from the test. The groups were computed from the responses to one survey 

question; “I am very concerned about environmental issues”. 

A Mann-Whitney U test was again used to test the mean rank of environmental attitude from 

the following binary groups; flyers and non-flyers, respondents who own a car and ones that 

do not, respondents with secondary heating and ones that do not have secondary heating. 

Visual analysis was done by plotting charts and tables. The following variables were plotted 

by residential zones; mean per capita local, regional and international travel emissions, 

secondary heating, number of times clothing and footwear is purchased annually and mean 

size of living space per person.  

Two charts were presented where the data was split by the groups „concerned“ and „not 

concerned; average per capita total GHG emissions (kg CO2eq) by income category and the 

mean size of living space of respondents by the three residential zones. 

Mean environmental attitude of respondents by number of electronics in the household and 

mean annual spending (€) on clothing, electronics and furniture by environmental attitudes 

and zones were also presented. 

3.3.3 Variable use and computing 

This section lists the variables chosen for further analysis and how they were computed. 

These variables are; household type, education level, income category, gender, 

environmental attitude, environmental behavior, zones and local, national and international 

travel emissions.  

Pro-environmental behavior 

Principle Axis factoring was used to reduce data, with the orthogonal rotation method 

varimax with Kaiser normalization to produce independent factors with no 

multicollinearity. KMO and Bartlett’s test was used to test adequacy of the sampling. 

Each pro-environmental behavior variable had a value of 0-4, which were answers to how 

often participants do the following. A value of 0 is for never and 4 is always. 
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1. Reduce heating in unoccupied rooms. 

2. Reduce hot water temperature. 

3. Switch off lights in unuccupied rooms. 

4. Keep heating low to save energy. 

5. Use high efficiency appliances. 

6. Buy organic produce. 

7. Buy local produce. 

8. Purchase items with as little packaging as possible. 

9. Buy second-hand clothes. 

10. Choose to buy clothes according to environmental impact. 

11. Choose to buy clothes according to ethical apects of production. 

Pro-environmental attitude 

Principle Axis factoring was used to reduce data, with the orthogonal rotation method 

varimax with Kaiser normalization to produce independent factors with no 

multicollinearity. KMO and Bartlett’s test was used to test adequacy of the sampling. 

Each pro-environmental attitude variables had a value of 1-5, which were answers to how 

much participants agreed or disagreed with the following. A value of 1 was for strongly 

disagree and 5 was strongly agree. 

1. I want to live as ecologically as possible 

2. I am very concerned about environmental issues 

3. I think about how I can reduce environmental damage when I go on holiday 

4. I think about the environmental impact of services I use 

5. When shopping, I rarely think about the environmental impact of the things I buy 

[scores reversed] 

Zones 

The dataset provided had allocated the respondents into six zones depending on the 

coordinates of their residents. The zones had been classified using the Travel-related Urban 

Zone GIS-based classification from the Finnish Environment Institute which divides the 

regions into urban zones depending on distance from the centre, population characteristics, 

public transportation infrastructure, building stock and jobs. In the dataset, the zones had 

been combined into the following six zones; central pedestrian zone, fringe of the 

pedestrian zone, pedestrian zones of the sub-centers, intensive public transport zone, basic 

public transport zone and car zone (Czepkiewicz et al., 2018). 
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Figure 2: Zone division of the urban form in the central parts of Helsinki (Söderström, 

Schulman, & Ristimäki, 2015) 

For this thesis, the residential zones were merged into three categories, based on location, 

density, similarities in the mode travel to work and also based on having approximately the 

same number of respondents in each group. The central pedestrian zone and the fringe of 

the pedestrian zone became pedestrian oriented zones (33% of respondents), the pedestrian 

zones of sub-centers and intensive public transport zones became public transport oriented 

zones (31%) and the basic public transport zone and the car zone became car oriented 

zones (36.1%). These reason behind these new category names is explained in appendix B 

with figure 3 and the results of mode of travel to work by zones are presented in the 

preliminary results section 4.1. 

Travel data 

The variables used in analyzing travel emissions were annual per capita transportation 

emissions from local, regional and international travel. The GHG emissions had already been 

calculated in the provided dataset using an LCA approach, where the GWP metric was used 

for calculations. LCA accounts for both direct and indirect emissions such as from direct 

combustion, fuel and electricity production, infrastructure construction and vehicle 

manufacturing and maintenance. The national average occupancy rate and the reported fuel 

efficiency of respondents’ vehicles were used in calculations (Czepkiewicz et al., 2018).  

For the multiple linear regression of travel data, the natural logarithm of emissions was used 

to normalize the data. For the binary logistic regression flyers and non-flyers were computed 

from international emissions from planes, where 0 emissions made group 0 (non-flyers) and 

all other emissions values were computed into group 1 (flyers). 
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Income 

The income categories of reported household incomes were computed into the following 

categories; less than €1500 = very low, €1500 - €3000 = low, €3000 - €4500 = medium, 

€4500 - €6500 = high and more than €6500 = very high.  

Household type 

Household type was reported in the six categories shown in table 1. 

Table 1: Number of respondents in the six household type variables along with new category 

names of merged variables. 

Household type N N merged New category name  

Several people with separate budgets 29 260 Single 

Single person living on her or his own 221 

Single person living with parents 10 

Couple living together 298 298 Couple 

Couple with child/children 287 313 Family 

Single parent with child/children 26 

 

The new household type categories are shown in table 1. Categories were merged based on 

these three household types; being in a childless relationship (Couple), having a child 

(Family) and being single and childless (Single). 

Education 

Education was reported in the six categories shown in table 2; basic education, upper 

secondary, lowest tertiary, under graduate, graduate and postgraduate. 

To ensure an adequate number of respondents in each category, the six categories were 

merged into three based on the real-world background information they represent and the 

number of respondents in each group. As it is an ordinal categorical variable, the categories 

grouped should be directly above or below each other. An optimal size of each category 

would be 897 / 3 = 299. Two grouping methods are shown in table 2 below. Category 

merge method 1 (bold) was chosen due the smaller number of total deviation from the 

optimal category size.  

The education categories merged with method 1 were assigned the variable names low, 

medium and high. 
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Table 2: Number of respondents in the five education level variables, two methods of 

variable merging along with deviations from the optimal category size. 

Education level N N merged 

method 1 

Deviation 

from 299 

N merged 

method 2 

Deviation 

from 299 

Basic education 24 232 67 177 122 

Upper secondary 153 

Lowest tertiary 55 326 -27 

Under graduate 271 271  28 

Graduate 355 394  -95 394 -95 

Postgraduate 39 

 

Gender 

Males were computed into 0 and females into 1. 

3.3.4 Assessment 

After identifying variables to further analyze with preliminary analysis, the variables were 

computed by the methods in section 3.3.3. The first phase was to plot the variables with 

bivariate analysis. Pro-environmental behavior factor scores related to clothing, produce and 

household energy, pro-environmental attitude factor scores and direct and indirect travel 

emissions from local, national and international travel were plotted by household type, 

gender, education, income and zones.  

The second stage was to use global and local Moran’s I for spatial analysis. Moran´s I 

statistics was run in ArcGIS 10.4 to assess the degree of spatial clustering. The variables 

that were analyzed with spatial analysis were pro-environmental behavior factor scores 

related to clothing, produce and household energy, the pro-environmental attitude factor 

scores and travel emissions from local, national and international travel. 

Pro-environmental behavior factor scores from the three categories were then entered as 

dependent variables into a multiple linear regression model which was run in IBM SPSS 

Statistics 24. The first model included the four sociodemographic variables as independent 

variables; household type, gender, income and education level. In the second model pro-

environmental attitude factor scores were added as independent variables and in the third 

model the three residential zones were added too. Categorical variables were dummy coded 

before being added to the models. 

For the regression on travel emissions three separate regression tables are shown for each of 

the travel categories; local, national and international travel. Each regression table shows 

two regression models with the travel category as dependent variables. The first is binary 

logistic regression on participation in emissions and the second is a multiple linear regression 

on the natural logarithm of amount of emissions. The independent variables were gender, 

income, education level, household type, pro-environmental attitude factor scores and zones.
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4 Results 

This section is split into two subsections, the first presents the main findings of the 

preliminary analysis and the second is on the final analysis which consisted of factor 

analysis, bivariate analysis, Moran’s I and regression. 

4.1 Preliminary results 

The first stages of research consisted of non-parametric experimental analysis of the data to 

find interesting correlations and associations. The main findings of the analysis and the 

reasons behind variable selection for further analysis are presented at the beginning of the 

results section, while variable computing and details of the preliminary analysis are 

presented in appendices A and B. The following variables were chosen; pro-environmental 

attitudes, pro-environmental behaviors, travel data, zones, household type, income, gender 

and education level. First, the results from merging the six zones provided in the dataset into 

three zones are presented. 

Zones 

The merging of zones presented in section 3.3.3. produced the results in figure 3 below. 

 

Figure 3: Travel mode to work by the three zones (%). 

Pro-environmental attitudes, pro-environmental behaviors and travel 

data 

The initial analysis revealed fascinating results on attitudes and behaviors; high 

environmental attitudes were significantly positively correlated with all consumption related 

variables; local, organic & unpackaged food, environmental, ethical and second-hand 

clothing and household energy saving, but almost no significant correlations were found 

within the transport-related variables. The only statistically significant correlations were 

within the local travel variable, where the local travel emissions and attitude variables 
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(general and secondary) of residents of zone 1 were significantly negatively correlated with 

a correlation coefficient of -.143 for general attitude and -.164 for secondary attitude. For 

residents of zone 3, a significant negative correlation was found between general attitude 

and local travel emissions with a coefficient of -.120. Although slightly lower for residents 

of zone 3, it seems that regardless of whether one lives in zone 1 or 3, environmental concern 

and longing to live environmentally can result in less local travel. However, when it came to 

regional and international travel, attitudes did not affect choices of travelling either shorter 

distances or less frequently.  

The Mann-Whitney U test which found that total annual emissions from travel were not 

statistically different in the two groups, “concerned” and “not concerned” further supports 

this finding. It is interesting to see that even though the secondary attitude variable is 

comprised of the two questions; “I think about how I can reduce environmental damage 

when I go on holiday” and “I think about environmental impact of services I use”, the 

variable had an extremely low and statistically insignificant correlation coefficient with 

international travel emissions, zone 1, 2 and 3 were .028, -.020 and .072, respectively. Also, 

the fact that non-flyers generally had a lower environmental attitude index than flyers 

concludes that attitudes do not affect choices of travelling abroad.  

The variables car ownership and fuel efficiency were analyzed, but the results were also 

evident in amount of local travel, so it was unnecessary to include these variables in the main 

results. Respondents who owned a car had a lower mean rank of environmental attitudes. 

This could indicate, similarly as previously reported results from local travel, that attitudes 

can affect lifestyle choices regarding local everyday transportation. However, environmental 

attitudes of car owners did not seem to have a significant impact on the fuel efficiency of 

their vehicles.  

The correlation coefficients of environmental attitudes and consumption-related variables 

were relatively high and ranged from .314 to .543. The correlation coefficient was in almost 

all cases the highest in zone 1, both for general environmental attitudes and for secondary 

attitudes which were related to awareness of holiday- and service-related emissions. The two 

exceptions were within general attitude correlations, where household energy saving had the 

highest coefficient in zone 3, and food related behavior had the highest coefficient in zone 

2. Residents of zone 2 are less likely than residents of zone 1 to walk to cycle to work and 

still have quite a high likelihood of driving. This could translate over to shopping for food, 

where they might be more likely than zone 1 residents to drive to large supermarkets which 

are often on large lots of land outside of the most central and dense areas and might be closer 

to large supermarkets than residents of zone 3. Large supermarkets often have more variety 

and options which gives the consumer more power to adjust his consumer behaviors to his 

attitudes.  

Purchasing patterns of residents with similar environmental attitudes were different between 

zones. Residents of zone 3 showed their environmental attitudes in practice; the higher their 

pro-environmental attitude index the less they spent on clothing, furniture and electronics. 

Residents of zone 2 showed almost no change in purchasing behavior with changing 

attitudes, and the least environmentally conscious residents of zone 1 spent less than those 

in attitude categories 2 and 3.  
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Household energy 

The results of the household energy saving variable called upon more analysis on the 

relationship with zones, mainly. A high correlation coefficient of zone 3 and household 

energy saving was found, which could be due to the fact that residents in zone 3 have more 

control over household heating than residents in zone 1, where 92.6% live in apartment 

buildings compared to only 50.3% of zone 3 residents. Apartment buildings have higher per 

m2 energy consumption than detached-, row- and terrace houses (Heinonen & Junnila, 2014). 

This is also reflected in residents in zone 3, which have a much higher rate of having 

secondary heating than residents of zone 1 and 2. There was not a significant difference in 

the mean rank of environmental attitudes of the two groups; with secondary heating and 

without. These results show that environmental attitudes and concern do not determine 

whether residents choose to install secondary heating in their residence, while urban form 

presents opportunities for more choice in the matter. 

Household type 

Mode to work differed significantly by zone. This is in line with previous research which 

suggests that density can minimize car dependency and shorter distances to services 

promotes sustainable travel such as cycling or walking. Household type is also associated 

with residential zones, where the only areas found where households with children were 

more frequent than households without children were the car zone and basic public 

transportation zones (zone 3). With that in mind, car ownership and having children are 

significantly positively associated. These results suggest that either public transportation or 

the dense urban environment are not child friendly enough. The Chi-square of the difference 

in the two groups based on whether respondents have children and residential zones was 

60.061, while the testing of the mean rank of environmental attitude against residential zones 

yielded a Chi-square of 13.873 with the 6-zone grouping and 11.078 with the 3-zone 

grouping. Therefore, having children is a stronger influence on choice of residence than 

environmental attitudes. Therefore, household type is included in further analysis. 

Income 

The income – emission relationship has been proven in several studies. In the preliminary 

analysis the income/GHG relationship was plotted to see environmental concern would 

affect the steepness of the slope. The slope was slightly steeper for those not concerned about 

the environmental. This can indicate that environmental concern can alter the income/GHG 

relationship ever so slightly. The income – GHG relationship was further confirmed with 

significant positive correlation coefficients between income and two variables which in 

theory are likely to depend on income and should not be affected too much by residential 

areas; international travel and spending. If we compare the income – international travel 

relationship of respondents in zone 2 and 3, respondents both in the Att 2 and Att 3 group 

showed a higher correlation coefficiant in zone 3 than in zone 2. This implies that individuals 

in the same income category with similar environmental attitudes are more likely to have a 

higher international travel footprint if they live in zone 3 than they are in zone 2. Individuals 

in the Att 1 group (lowest environmental attitude index) had an income spending ρ value of 

.444, .403 and .363 in zone 1, 2 and 3, respectively. This indicates that the income – spending 

relationship for unconcerned citizens gets weaker with less residential density. Of Att 3 

respondents, the lowest coefficient was again in zone 3 (ρ=.318), but Att 2 respondents had 

a higher coefficent in zone 3 than in zone 2 (ρ=.379 and ρ=.259, respectively). These results 
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confirmed that income was a sociodemographic variable which was important to control for 

in further analysis.  

In addition to household type and income, education level and gender were added to 

sociodemographic variables to make a more comprehensive regression analysis. 

4.2 Main results 

This section is split into five subsections. The first three are bivariate analysis of pro-

environmental behavior, pro-environmental attitude and travel data, each of which has a 

spatial analysis. The results of the factor analysis on pro-environmental attitude and 

behavior precede the bivariate analysis of those variables. Global Moran´s I spatial 

analysis is presented in tables and the local analysis in geographical maps. The last two 

sections are devoted to regressions, where pro-environmental behaviors and travel 

emissions are regressed against sociodemographic variables, zones and pro-environmental 

attitudes. 

4.2.1 Pro-environmental behavior 

This subsection presents the results of factor analysis, followed by tables of bivariate 

results of environmental behavior factor scores with the following variables; education 

level, household type, gender, income and residential zones. Finally, the results of both 

global and local Moran´s I analysis are presented. 

Factor analysis of pro-environmental behaviors 

KMO and Bartlett’s test produced a .831 which confirmed the sampling was adequate for 

factor analysis. Coefficients below .4 were suppressed. 

The pro-environmental behavior variables are presented in table 3 below with correlation 

coefficients of each variable to all eleven variables. Numbers one through eleven in the top 

row and the left collumn represent the variables as listed in section 3.3.3.; 

1. Reduce heating in unoccupied rooms. 

2. Reduce hot water temperature. 

3. Switch off lights in unoccupied rooms. 

4. Keep heating low to save energy. 

5. Use high efficiency appliances. 

6. Buy organic produce. 

7. Buy local produce. 

8. Purchase items with as little packaging as possible. 

9. Buy second-hand clothes. 

10. Choose to buy clothes according to environmental impact. 

11. Choose to buy clothes according to ethical aspects of production. 
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Table 3: Correlation matrix among the eleven pro-environmental behavior variables. 

 1 2 3 4 5 6 7 8 9 10 11 

1 1 .473 .248 .595 .278 .177 .238 .214 .197 .287 .246 

2 .473 1 .189 .425 .208 .172 .184 .258 .189 .317 .264 

3 .248 .189 1 .276 .256 .086 .100 .158 .119 .155 .134 

4 .595 .425 .276 1 .314 .190 .243 .248 .192 .279 .252 

5 .278 .208 .256 .314 1 .220 .260 .298 .127 .239 .248 

6 .177 .172 .086 .190 .220 1 .492 .405 .282 .434 .471 

7 .238 .184 .100 .243 .260 .492 1 .430 .170 .380 .368 

8 .214 .258 .158 .248 .298 .405 .430 1 .282 .471 .429 

9 .197 .189 .119 .192 .127 .282 .170 .282 1 .508 .479 

10 .287 .317 .155 .279 .239 .434 .380 .471 .508 1 .789 

11 .246 .264 .134 .252 .248 .471 .368 .429 .479 .789 1 

Note: correlation values larger than .30 are printed in bold 

 

Table 4: Eigenvalues and percentages of explained variance associated with each factor. 

Factor Eigenvalue % of explained 

variance 

Accumulated % of 

explained variance 

1 4.005 36.412 36.412 

2 1.552 14.105 50.517 

3 1.034 9.400 59.917 

4 .902 8.202 68.119 

5 .699 6.356 74.474 

6 .638 5.797 80.272 

7 .564 5.123 85.395 

8 .532 4.834 90.228 

9 .476 4.329 94.557 

10 .395 3.591 98.148 

11 .204 1.852 100.000 
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Table 5: Results of factor analysis on pro-environmental behavior variables. 

 Factor 1 Factor 2 Factor 3 

1. Reduce heating  .757  

2. Reduce water temp  .542  

3. Switch off lights    

4. Keep heating low  .740  

5. High efficiency appliance    

6. Organic produce   .585 

7. Local produce   .707 

8. Little packaging   .494 

9. Second hand clothes .534   

10. Environmental clothes .834   

11. Ethical clothes .786   
Note: Extraction Method: principle axis factoring. Rotation Method: Varimax with Kaiser Normalization. 

 

The pro-environmental behavior regression factor scores of factors 1, 2 and 3 were 

assigned the category names clothing, household energy and produce, respectively. 

Bivariate analysis of pro-environmental behavior factor scores 

 

Figure 4: Mean pro-environmental behavior factor scores by education level. 

Respondents within the low education category had the lowest clothing and produce 

related pro-environmental behavior factor score, while the high education category had the 

highest. Pro-environmental behavior factor scores regarding household energy use did not 

differ greatly depending on education level. 
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Figure 5: Mean pro-environmental behavior factor scores by household type. 

The group with the highest pro-environmental behavior factor scores in all three categories 

was families. 

 

 

Figure 6: Mean pro-environmental behavior factor scores by gender. 

Females in general seem to have higher pro-environmental behavior scores in all three 

categories, although very little difference was found regarding household energy and 

produce. The most variance is in the clothing category. 
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Figure 7: Mean pro-environmental behavior factor scores by income category. 

The higher the income category of respondents, the lower their pro-environmental behavior 

factor score in the clothing category. An opposite trend can be found the produce category, 

were the wealthiest respondents bought the most organic, local and package free produce. 

Regarding household energy, very little variance was found but in general the wealthier 

respondents were less likely to make a conscious decision of reducing household energy 

consumption. 
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Figure 8: Mean pro-environmental behavior factor scores by residential zone. 

Residents of the car oriented zones were more likely to take household energy reducing 

measures than residents of public transportation or pedestrian oriented zones. Residents of 

pedestrian oriented zones had the highest pro-environmental clothing and produce related 

factor scores. 

Geographical analysis of pro-environmental behaviors 

Spatial association of data points was tested using Global and Local Moran´s I in ArcGIS.  

Table 6: Global Moran´s I of pro-environmental behavior of clothing- household energy- 

and produce related factor scores. 

 Moran’s Index Variance z-score p-value 

Clothing 0,062862 0,002107 1,393765 0,163388 

Household energy -0,014009 0,002108 -0,280830 0,778841 

Produce 0,044309 0,002106 0,989811 0,322267 

 

No statistically significant global autocorrelation was found. Despite the lack of overall 

clustering of the data, local analysis yielded visible clusters of high and low values. 
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Figure 9: Local Moran’s I map of clothing related pro-environmental behavior factor 

scores. 

Clusters of high pro-environmental behavior regarding clothing were found in the central 

areas of Helsinki, while low clusters were found in the outskirts of the city. 

 

 

Figure 10: Local Moran’s I map of household energy related pro-environmental behavior 

factor scores. 
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The trends of the local analysis of household energy were the opposite of produce and 

clothing. Clusters of low pro-environmental household energy behavior were found 

centrally. Few high clusters were visible, none of which could be seen in pedestrian 

oriented zones, although several outliers were found with high values surrounded by 

primarily low values.  

 

Figure 11: Local Moran’s I map of produce related pro-environmental behavior factor 

scores. 

Clusters of high pro-environmental behavior regarding produce were found exclusively in 

the central regions of the city while low clusters were scattered towards the outskirts. 

 

4.2.2 Pro-environmental attitude 

This subsection presents the results of the factor analysis, bivariate analysis on pro-

environmental attitude factor scores charted by education level, household type, gender, 

residential zone and income and finally spatial analysis of the pro-environmental attitude 

factor scores.  

Factor analysis of pro-environmental attitude 

KMO and Bartlett’s test produced a .850 which confirmed the sampling was adequate for 

factor analysis. Coefficients below .4 were suppressed. 

The pro-environmental attitude variables from section 3.3.3. are presented in table 7 below 

with correlations coefficients of each variable to all five variables. Numbers one through 

five in the top row and the left collumn represent the following variables; 
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1. I want to live as ecologically as possible 

2. I am very concerned about environmental issues 

3. I think about how I can reduce environmental damage when I go on holiday 

4. I think about environmental impact of services I use 

5. When shopping, I rarely think about the environmental impact of the things I 

buy [scores reversed] 

 

Table 7: Correlation matrix among the five pro-environmental attitude variables. 

 1 2 3 4 5 

1 1 .624 .535 .611 .484 

2 .624 1 .491 .545 .425 

3 .535 .491 1 .568 .406 

4 .611 .545 .568 1 .539 

5 .484 .425 .406 .539 1 

Note: Correlation values larger than .30 are printed in bold 

Table 8 : Eigenvalues and percentages of explained variance associated with each factor. 

Factor Eigenvalue % of explained 

variance 

Accumulated % of 

explained variance 

1 3.100 62.004 62.004 

2 .619 12.384 74.388 

3 .533 10.653 85.041 

4 .392 7.831 92.872 

5 .356 7.128 100.000 
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Table 9: Results of factor analysis on pro-environmental attitude variables. 

 Factor 1 

1. Live ecologically .269 

2. Environmental concern .254 

3. Environmental holiday .245 

4. Environmental services .270 

5. Environmental shopping .230 

Note: Extraction Method: principle axis factoring. Rotation Method: Varimax with Kaiser Normalization. 

 

The factor analysis confirmed that due to high correlation between all variables, only one 

factor is needed. It explains just over 62% of explained variance. The regression factor 

score will be named pro-environmental attitude (PEA factor score). 
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Bivariate analysis of pro-environmental attitude factor scores 

 

Figure 12: Mean pro-environmental attitude factor scores by education, household type, 

gender, zone and income categories. 

Interestingly, although there is a strong correlation between income and education 

(Spearman’s rho correlation coefficient .225, p=.000, n=847), the respondents with the 

highest pro-environmental attitude scores were the most highly educated while the 

opposite can be said regarding income; respondents with high income had a lower pro-

environmental attitude score. Household size did not have a strong effect on factor scores, 

although single people did have the lowest pro-environmental attitude factor scores. 

Females had a considerably higher factor score than males. Residents of the pedestrian 

oriented zone had the highest pro-environmental attitude score of the three zones. 
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Geographical analysis of pro-environmental attitude 

Spatial association of data points was tested using Global and Local Moran´s I in ArcGIS.  

Table 10: Global Moran´s I of pro-environmental attitude factor scores. 

 Moran’s Index Variance z-score p-value 

PEA 0,208525 0,003232 3,689511 0,000225 

 

A statistically significant spatial autocorrelation was found globally, where a positive index 

signifies a tendency towards clustering. 

 

 

Figure 13: Local Moran’s I map of pro-environmental attitude factor scores. 

Clusters of high pro-environmental attitude scores were found centrally while low clusters 

were located towards the outskirts.  

4.2.3 Travel emissions 

In this subsection, direct and indirect GHG emissions from local, national and international 

travel data is analysed by household type, education level, gender, residential zone and 

income, followed by a table on participation in travel emissions by those same variables. 

Global and local Moran´s I spatial analysis is then presented. 
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Bivariate analysis on travel emissions 

 

Figure 14: Mean annual local, national and international per capita travel emissions (kg 

CO2 eq) by household type. 

Respondents of the single category had lower mean annual emissions from local, national 

and international travel. Although families travelled the most locally, couples seemed to 

have the highest emissions from national and international travel.  

 

Figure 15: Mean annual local, national and international per capita travel emissions (kg 

CO2 eq) by education level. 

Mean emissions from international and national travel increased with education level while 

local travel emissions decreased.  
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Figure 16: Mean annual local, national and international per capita travel emissions (kg 

CO2 eq) by gender. 

In the national and international travel categories, females had higher mean annual 

emissions, while males had slightly higher emissions from local travel. 

 

Figure 17: Mean annual local, national and international per capita travel emissions (kg 

CO2 eq) by income category. 

Throughout all travel categories, emissions increased with higher income. 

 

0

500

1000

1500

2000

2500

Female Male

A
n

n
u

al
 t

ra
ve

l e
m

is
si

o
n

s 
(k

g 
C

O
2e

q
) 

Travel catergory

Annual travel emissions (kg CO2eq) by gender

Local National International

0

500

1000

1500

2000

2500

<1500€ 1500-3000€ 3000-4500€ 4500-6500€ >6500€

M
ea

n
 a

n
n

u
al

 e
m

is
si

o
n

s 
(k

g 
C

O
2e

q
) 

Income Category

Annual travel emissions (kg CO2eq) by income 
category

Local National International



34 

 

Figure 18: Mean annual local, national and international per capita travel emissions (kg 

CO2 eq) by zones. 

Respondents from car oriented zones had the highest emissions from local travel and the 

lowest from international travel. National travel was similar throughout the zones and 

pedestrian oriented zones had the highest emissions from international travel. 

Table 11: Participation (%) in local, national and international travel emissions by 

gender, household type, income, education and zone categories. 

                                                   Participation in travel emissions (%) 

  Local  National International 

Gender Male 83 86 72 

Female 86 87 77 

Household type Single 79 78 68 

Couple 84 90 78 

Family 89 83 77 

Income Very low 73 70 57 

Low 82 79 72 

Medium 85 88 68 

High 86 87 81 

Very high 95 91 87 

Education Low 86 79 69 

Medium 84 87 78 

High 84 86 76 

Zone Pedestrian 70 86 79 

Public transport 90 83 71 

Car 93 84 74 

 

Females had slightly higher participation percentages than males throughout all travel 

categories. Single respondents had the lowest participation of all household types 

throughout all travel categories. Families participated the most in local travel emissions 
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and couples the most in national travel emissions. In general, high income generated higher 

% in participation in travel emissions, with the most notable difference in the international 

travel category where there was a 30% difference in participation between participants 

with very low income and very high. Very little difference was found in local travel 

participation between education levels. Respondents with a medium level of education had 

the highest participation scores, closely followed by the high education category. There 

was a 23% difference in local travel emissions participation between residents of 

pedestrian oriented zones (70%) and car oriented zones (93%). Residents of pedestrian 

oriented zones had the highest participation in travel emissions nationally and 

internationally. 

 

Geographical analysis of emissions from travel data 

Table 12: Global Moran´s I of local, national and international annual per capita 

emissions (CO2 eq). 

 Moran’s Index Variance z-score p-value 

Local 0,209721 0,002091 4,610181 0,000004 

National 0,028009 0,001818 0,683133 0,494523 

International -0,011769 0,002064 -0,234500 0,814597 

 

Global Moran´s I of local, national and international travel revealed only a statistically 

significant clustering of local travel emissions. 

 

Figure 19: Local Moran’s I map of emissions from local travel. 
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Local Moran´s I analysis of local travel data showed very prominent clustering of amount 

of annual emissions. Clusters of low emissions are in the central areas and clusters of high 

emissions are found in more car oriented zones with less public transportation options. 

  

 

Figure 20: Local Moran’s I map of emissions from national travel. 

Quite few clusters were found in local analysis of national emissions, but a notable low 

cluster was found in Vuosaari, East Helsinki.  
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Figure 21: Local Moran’s I map of emissions from international travel. 

A general trend of clusters of high international emissions from more pedestrian oriented 

zones and low emissions from more rural areas was found in the local Moran´s I analysis 

of international emissions. 

 

4.2.4 Multiple linear regression on pro-environmental behaviors 

This subsection presents a multiple linear regression table on clothing, household energy 

and produce related factor scores regressed against sociodemographic variables, zones and 

pro-environmental attitudes. The pro-environmental behavior regression models presented 

in table 13 are as follows;  

• PEB model 1: Pro-environmental behavior regarding clothing as dependant 

variable. Education level, household type, income category and gender as 

independent variables. 

• PEB model 1a: Same as model 1 but pro-environmental attitude is added to 

independent variables. 

• PEB model 1b: Same as model 1a but zones are added to independent variables. 

• PEB model 2: Pro-environmental behavior regarding household energy-saving as 

dependant variable. Education level, household type, income category and gender 

as independent variables. 

• PEB model 2a: Same as model 2 but pro-environmental attitude is added to 

independent variables. 

• PEB model 2b: Same as model 2a but zones are added to independent variables. 
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• PEB model 3: Pro-environmental behavior regarding purchase of produce as 

dependant variable. Education level, household type, income category and gender 

as independent variables. 

• PEB model 3a: Same as model 3 but pro-environmental attitude is added to 

independent variables. 

• PEB model 3b: Same as model 3a but zones are added to independent variables. 

 

Table 13: Multiple linear regression of clothing, household energy and produce related 

pro-environmental behavior factor scores, with education level, household type, income 

category, gender, pro-environmental attitude and zones as dependent variables. 

 

Notes. *p < .05. **p < .01. ***p < .001. 

PEB Model  1  1a 1b 2  2a 2b 3  

 

3a 3b 

  clothing household energy produce 

     

  β β β β β β β β β 

Education level Low - - - - - - - - - 

Medium .048  .007 -.002 .017 -.013 .001 .070 .032 .019 

High .100* .047 .033 -.023 -.070 -.049 .067 .015 -.005 

Household type Single - - - - - - - - - 

Couple .078 .034 .036 .029 -.013 -.015 -.007 -.048 -.046 

Family .158*** .125** .139*** .068 .030 .008 -.001 -.049 -.027 

Income 

category 

Very low - - - - - - - - - 

Low -.148** -.082 -.084 -.036 .007 .008 .038 .112* .111* 

Medium -.221*** -.140** -.136** -.053 .008 .004 .044 .143* .147** 

High -.249*** -.176*** -.174*** -.047 .013 .007 .087 .179** .185*** 

Very high -.318*** -.209*** -.207*** -.080 .005 .000 .137* .274*** .279*** 

Gender Male - - - - - - - - - 

Female .242*** .163*** .161*** .012 -.039 -.037 .076* -.008 -.010 

Pro-environmental attitude  .452*** .447***  .277*** .282***  .453*** .449*** 

Zones Pedestrian   -   -   - 

 Public transport  -.047   .040   -.032 

 Car   -.067   .102*   -.100* 

R2  .100*** .298*** .311*** -.005 .077*** .084*** .013* .203*** .221*** 

F  10.906*** 31.955*** 26.937**

* 

.534 6.036**

* 

5.509**

* 

2.167

* 

19.569*** 16.936*** 
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Education level was not a significant predictor of PEBs in all but one aspect; high level of 

education had a positive effect on PEBs related to clothing in model 1 where attitudes and 

zones were not included. When PEAs are added, education loses its significance, 

indicating that education only affects the model through attitudes. Household types only 

affected the PEB clothing model (models 1, 1a and 1b); families were more likely to buy 

environmental, ethical or second hand clothing. Models 2, 2a and 2b confirmed the small 

household energy variance found between income groups in the bivariate analysis; none of 

the coefficients were statistically significant. High level of income had a significantly 

positive effect on PEBs regarding produce and significant negative coefficients in the 

clothing models; the more affluent population is more likely to take care when purchasing 

food but less likely to think about the environmental effects related to clothing. Regarding 

produce, gender loses significance when attitudes are added to the model, which suggests 

that gender only affects the produce related PEB through attitudes. A notable significant 

difference was found in all three clothing models where gender had a strong effect. 

Females had positive coefficients throughout the models which suggests that not only have 

more environmental concern, but also are more likely to take care in what kind of clothing 

they purchase. In all models, pro-environmental attitudes had a significantly strong 

positive relationship. In regard to produce and clothing, adding pro-environmental attitude 

factor scores to the models had quite a big effect (Model 1; R2 =.100, Model 1a; R2 =.298. 

Model 3; R2 =.013, Model 3a; R2 =.203). In models 2b and 3b, car oriented zones were 

significantly different from pedestrian oriented zones, with a positive standardized 

coefficient of household energy factor scores and a negative β of produce factor scores. 

4.2.5 Multiple linear regression and binary logistic regression on 

travel emissions 

This subsection presents regressions on the natural logarithm of local, national and 

international travel data as well as binary logistic regression on participation in travel 

emissions against selected sociodemographic variables, zones and pro-environmental 

attitude factor scores. 

Local travel 

Two models are presented in table 14 below;  

• Travel model 1: Binary logistic regression on participation in emissions from local 

travel. Education level, household type, income category, gender, zones and pro-

environmental attitudes are independent variables. 

• Travel model 1a: Multiple linear regression on the natural logarithm of the amount 

of yearly emissions from local travel. Education level, household type, income 

category, gender, zones and pro-environmental attitudes are independent variables. 
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Table 14: Binary logistic regression on participation in travel emissions and multiple 

linear regression on amount of travel emissions of local per capita annual emissions (CO2 

eq), with education level, household type, income category, gender, pro-environmental 

attitude and zones as dependent variables. 

Notes. *p < .05. **p < .01. ***p < .001. 

a Hosmer-Lemeshow test of Goodness-of-fit 

 

Education level and household type did not have a statistically significant relationship to 

local travel, neither in the participation model nor amount of emissions model. High 

income, being female and living in car oriented zones were all positively associated with 

local travel emission participation. The largest odds ratio was found with participants of 

very high income, which were almost eight times more likely to participate in local travel 

emissions. The only significant contributor to the local emissions model was residential 

zones, with car oriented zones having the strongest positive relationship. Although pro-

environmental attitudes had a negative relationship with participation in travel emissions, it 

did not have a statistically significant effect on amount of emissions.  

Travel Model  1 1a 

  B (S.E.) OR B (S.E.) β 

Education level Low - - - - 

Medium .220 (.343) 1.247 .102 (.150) .032 

High -.039 (.325) .961 .056 (.144) .019 

Household type Single - - - - 

Couple -.133 (.304) .874 -.008 (.159) -.003 

Family .106 (.342) 1.112 -.073 (.161) -.024 

Income category Very low - - - - 

Low .817 (.379) * 2.263 * -.107 (.226) -.031 

Medium .471 (.383) 1.601 .009 (.233) .003 

High .920 (.426) * 2.509 * .250 (.242) .071 

Very high 2.074 (.560) *** 7.957 *** .362 (.248) .103 

Gender Male - - - - 

Female .647 (.253) ** 1.910 ** -.116 (.114) -.039 

Zones Pedestrian - - - - 

 Public transport 1.284 (.296) *** 3.612 *** .870 (.144) *** .276 *** 

 Car 1.746 (.338) *** 5.732 *** 1.299 (.142) *** .429 *** 

PEA  -.333 (.125) ** .717 ** -.100 (.057) -.067 

Constant  -.050 (.427) .951 5.070 (.248) ***  

X2 (Goodness-of-fit) 11.265 (p=.187)  

Pseude R2 (Nagelkerke) .196  

R2  .155 *** 

F  9.545 *** 
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National travel 

Two regressions models on national travel data are presented in table 15 below; 

• Travel model 2: Binary logistic regression on participation in emissions from 

national travel. Education level, household type, income category, gender, zones 

and pro-environmental attitudes are independent variables. 

• Travel model 2a: Multiple linear regression on the natural logarithm of the amount 

of yearly emissions from national travel. Education level, household type, income 

category, gender, zones and pro-environmental attitudes are independent variables. 
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Table 15: Binary logistic regression participation in travel emissions and multiple linear 

regression on amount of travel emissions of national per capita annual emissions (CO2 eq), 

with education level, household type, income category, gender, pro-environmental attitude 

and zones as dependent variables. 

Travel Model  2 2a 

  B (S.E.) OR B (S.E.) β 

Education level Low - - - - 

Medium .436 (.337) 1.547 .184 (.123) .074 

High .302 (.326) 1.352 .128 (.119) .055 

Household type Single - - - - 

Couple .402 (.373) 1.495 -.286 (.124) * -.120 * 

Family -.045 (.349) .956 -.312 (.130) * -.130 * 

Income category Very low - - - - 

Low .968 (.382) * 2.634 * .052 (.183) .019 

Medium 1.451 (.429) *** 4.269 *** .334 (.187) .123 

High 1.678 (.486) *** 5.356 *** .586 (.195) ** .218 ** 

Very high 1.906 (.523) *** 6.726 *** .773 (.202) *** .280 *** 

Gender Male - - - - 

Female .823 (.277) ** 2.277 ** -.018 (.093) -.008 

Zones Pedestrian - - - - 

 Public transport -.590 (.352) .555 -.104 (.113) -.042 

 Car -.360 (.367) .697 .087 (.112) .037 

PEA  .202 (.134) 1.224 -.021 (.046) -.019 

Constant  .620 (.451) 1.859 6.158 (.201) ***  

X2 (Goodness-of-fit) 10.410 (p=.237)   

Pseude R2 (Nagelkerke) .142   

R2  .057 *** 

F  3.276 *** 

Notes. *p < .05. **p < .01. ***p < .001. 

a Hosmer-Lemeshow test of Goodness-of-fit 

 

Pro-environmental behavior factor scores, education level and residential zones did not 

have a significant relationship to national travel emission participation or amount of 

emissions. Single people travelled significantly further distances within the country than 

couples and families. Wealthier respondents had a significantly more positive relationship 

with both participation in travel emissions and amount of emissions and although the 
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amount of emissions by females was not significantly different to males, they were more 

likely to participate in national travel emissions.  

International travel 

Regressions models on international travel data were as follows; 

• Travel model 3: Binary logistic regression on participation in emissions from 

international travel. Education level, household type, income category, gender, 

zones and pro-environmental attitudes are independent variables. 

• Travel model 3a: Multiple linear regression on the natural logarithm of the amount 

of yearly emissions from international travel. Education level, household type, 

income category, gender, zones and pro-environmental attitudes are independent 

variables. 
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Table 16: Binary logistic regression participation in travel emissions and multiple linear 

regression on amount of travel emissions of international per capita annual emissions (CO2 

eq), with education level, household type, income category, gender, pro-environmental 

attitude and zones as dependent variables. 

 

Notes. *p < .05. **p < .01. ***p < .001. 

a Hosmer-Lemeshow test of Goodness-of-fit 

 

Respondents with high income and living in pedestrian oriented zones were more likely to 

participate in international travel emissions, but the amount of emissions were not 

significantly different from other zones or income categories. Families had a significantly 

negative relationship with international travel emissions and the highly educated had a 

significantly positive relationship with emissions. 

Travel Model  3 3a 

  B (S.E.) OR B (S.E.) β 

Education level Low - - - - 

Medium .335 (.267) 1.398 .184 (.124) .077 

High .075 (.253) 1.078 .368 (.121) ** .164 ** 

Household type Single - - - - 

Couple .045 (.264) 1.046 .085 (.128) .036 

Family .394 (.281) 1.483 -.377 (.133) ** -.163 ** 

Income category Very low - - - - 

Low 1.020 (.334) ** 2.772 ** .070 (.188) .027 

Medium .503 (.331) 1.653 .113 (.197) .041 

High 1.374 (.384) *** 3.951 *** .258 (.201) .099 

Very high 1.821 (.433) *** 6.175 *** .404 (.207) .154 

Gender Male - - - - 

Female .324 (.207) 1.383 .098 (.093) .043 

Zones Pedestrian - - - - 

 Public transport -.826 (.263) ** .438 ** -.204 (.116) -.083 

 Car -.556 (.276) * .573 * -.180 (.113) -.078 

PEA  .148 (.104) 1.159 -.018 (.046) -.016 

Constant  .579 (.373) 1.784 6.973 (.209) ***  

X2 (Goodness-of-fit) a 4.021 (p=.855)   

Pseude R2 (Nagelkerke) .129   

R2  .082 *** 

F  4.298 *** 
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5 Sensitivity and uncertainties 

The issues that will be covered in this section are uncertainties regarding variables of 

household type, income and environmental attitude and limitations of the study regarding 

the age range, behavior variables and travel data. In additional to the specific limitations of 

the provided dataset, the nature of the case study sets a few limitations. Case studies often 

have too much data which leads to a majority of it being omitted, they often examine very 

complex matters which are not easily represented in a simple manner and they use 

numerical data which often loses the essence and richness of real life observations. The 

case study is sometimes said to be objective due to insights and knowledge of the 

researcher conducting it (Hodkinson & Hodkinson, 2001). 

The analyses of individual travel data could not fully take household type into account, as 

the data did not contain the number of people per household. It is important to note that 

parents may travel more with an increasing number of children, due to travel to schools, 

extracurricular activities or other events or places. This can affect the comparison of 

environmental attitudes and distances travelled locally, even though household type is 

controlled for. Controlling for income was also tricky, especially in regard to international 

travel data. Respondents were asked to provide information on household income, while the 

international travel variable was of emissions from the individual and not the household. 

However, one does not usually travel abroad on a leisure trip alone, so the analysis is by 

income category rather than per person income, for the sole reason that there must be a 

budget for more people to travel. This interpretation can lead to a high uncertainty of the 

results.   

Income was again troublesome to control for with pro-environmental behavior, as it can be 

difficult so assume whether an activity is related to environmental attitudes or is purely 

financial. Some behaviors could be directly related to saving money rather than trying to 

decrease environmental damage, while other environmental behaviors are generally a more 

expensive choice. Examples of behaviors from the data that are less expensive than the non-

environmental counterpart, are switching off lights in unoccupied rooms, saving energy by 

keeping heating low or turning it off in unoccupied rooms, buying second hand clothes and 

reducing hot water temperature. On the other hand, behaviors that cannot be connected to 

financial saving are buying local produce, food with little packaging, organic produce, 

environmental and ethical clothes and using high efficiency appliances.  

One issue that needs to be raised is that two of the questions that were the basis of the pro-

environmental attitude factor score “I want to live as ecologically as possible” and “I am 

very concerned about environmental issues” don’t necessarily have to translate into a 

person’s willingness to limit travel emissions. Climate sceptics are capable of wanting to 

minimize ocean plastic, protect endangered species from habitat loss or recycle. A relatively 

recent study showed that almost half of respondents where either uncertain or denied that 

climate change was due to anthropogenic activity (Whitmarsh et al., 2011). Connecting these 

environmental attitudes directly to behaviors related exclusively to GHG emissions could 

produce a weaker correlation, indicative of a larger value-action gap, when actually the gap 

is due to lack of knowledge of the consequences of travel behavior. This uncertainty might 

be relatively small though, as one of the other five questions creating the pro-environmental 

attitude factor is directly related to environmental damage of travel; I think about how I can 

reduce environmental damage when I go on holiday. 
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The age range for the target group was 25-40 years old. The reason this range was chosen 

was to minimize the effect of life course variables as people in this age group usually are 

employed, independent and have access to information and communication technologies 

(Czepkiewicz et al., 2018). Behavior variables which were non-travel related were mostly 

qualitative rather than quantitative and were based on the respondent’s perception of their 

behavior rather than actual data. An example is that instead of having access to information 

on the actual household energy used, respondents answered questions on how often they try 

to limit the use of household energy with various actions. The choice to exclude travel data 

of business related trips was because business trips are often involuntary and driven by 

different variables than leisure trips. Additionally, they constituted a very small share of the 

international travel emissions (Czepkiewicz et al., 2018).  
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6 Discussion 

Knowing that previous research has suggested that dense urban form is associated with 

higher carbon footprints than sparse form (Heinonen, 2012; Heinonen et al., 2013a, 2013b; 

Heinonen & Junnila, 2014; Lenzen et al., 2004; Sovacool & Brown, 2010), and that pro-

environmental attitude does not always correlate with less energy intensive behavior 

(Bronfman et al., 2015; Poortinga et al., 2016; Whitmarsh, 2009; Whitmarsh & O'Neill, 

2010), the analysis focused on the following research questions; 

• Does pro-environmental attitude affect pro-environmental behaviors regarding 

household energy, clothing and produce? 

• Does pro-environmental attitude effect the amount of GHG emissions stemming 

from local, national and international travel? 

• Do these relationships differ depending on residential location? 

Although household energy consumption is said accountable for over 25% of personal 

consumption emissions in HMA (Heinonen et al., 2013a), the PEB regression (table 13) 

showed that pro-environmental attitudes had the least effect on household energy related 

pro-environmental behavior of the three PEB categories, but the effect was still quite large 

and significant. The only other variable that had a significant positive relationship with the 

energy PEB factor score was residential zone, where the more sparesely populated areas 

were more likely to minimize household energy use. This concludes that awareness raising 

as well as a less dense living environment could potentially help mitigate GHG emissions 

from household energy. However, in Finland the more urbanized areas mostly have district 

heating while electricity is widely used in less dense areas. Electricity is more expensive 

than district heating, which in turn could lead to less energy use due to monetary reasons 

(Heinonen et al., 2013a). 

Although not statistically significant in the regression, on average, the higher the income 

category of respondents, the less likely they are to minimize household energy use (figure 

7) which is in line with several papers which state a positive correlation between income and 

carbon footprints (Baiocchi et al., 2010; Boucher, 2016; Ivanova et al., 2016). Higher income 

participents also had on average lower PEBs regarding clothing and household energy 

(figure 7), lower PEAs (figure 12) and higher travel emissions from local, national and 

international travel (figure 17), as well as higher participation in all three travel categories 

(table 11). The regressions confirmed these relationships with statistically significant 

coefficients regarding clothing PEBs (table 13), national travel emissions (table 15) and 

participation in local, national and international travel emissions (tables 14, 15 and 16). 

Similar trends were found with the sociodemographic variables females and the highly 

educated. Both categories of respondents had higher PEA factor scores (figure 12), higher 

clothing related PEB factor scores (figures 4 and 6) and travelled on average the shortest 

distances locally, but then again they travelled the most abroad (figures 15 and 16). The high 

clothing related PEB factor scores were confirmed in the regression (table 13), as was the 

statistically significant relationship between high education and emissions from international 

travel (table 16), which has also been previously been observed (Boucher, 2016). The high 
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pro-environmental attitude scores of females is in line with previous research 

(Diamantopoulos, Schlegelmilch, Sinkovics, & Bohlen, 2003). 

The data analysis of residentital zones yielded interesting results; residents of the pedestrian 

oriented zones had high pro-environmental attitude factor scores (figure 12) and high 

clothing and produce related PEBs (figure 8), as well as low local travel emissions (figure 

18) and the lowest participation percentage in local travel emissions (table 11). However, 

these central dwellers were the least likely to conserve household energy (figure 8), had the 

highest participation in international travel emissions (table 11) and the most emissions from 

international travel (figure 18). These differences of local and international travel emissions 

depending on residential zones are in line with several other studies (Brand & Preston, 2010; 

Juudit Ottelin, Heinonen, & Junnila, 2014; Reichert, Holz-Rau, & Scheiner, 2016). 

Respondents with high PEA scores seemed to be more likely to have high PEB scores (table 

13), but no statistically significant association was found when it came to local, national or 

international travel emissions or participation in travel emissions (tables 14, 15 and 16), with 

the exception of local travel emission participation where a statistically significant negative 

relationship was found (table 14). Similar results were found in a recent paper where no 

correlation was found between environmental concern and actively restraining from air 

travel, but correlations were found between pro-environmental behaviors and climate 

concern (Alcock et al., 2017). 

To summarize; 

• Pro-environmental attitude is indeed related to pro-environmental behaviors 

regarding household energy, clothing and produce but not to the amount of GHG 

emissions stemming from local, national and international travel.  

• Examining the data in regard to residential location of residents showed that residents 

of the more sparsely populated zones where more likely to conserve household 

energy, even when the overlap of pro-environmental attitude is deducted.  

• Residential zones did not have a significant effect on buying environmentally 

friendly clothing, but residents of car oriented zones were less likely to purchase 

organic, package free and local produce, even when controlling for overlap from pro-

environmental attitudes. 

• Correlation coefficients for pro-environmental attitude and travel emissions were not 

statistically significant. 

• While residential zones did not effect emissions from national travel, residents of car 

oriented zones were both more likely to participate in local travel emissions and more 

likely to have higher local emissions than those that reside in denser locations.  

• Residents of car oriented zones were less likely to participate in international travel 

emissions. 
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7 Conclusion 

 

There is a dire need to limit the anthropogenic contribution to GHG concentration in the 

atmosphere in order to reduce distress to the earth system (IPCC, 2013; Steffen et al., 2015). 

Exploring ways to mitigate GHG emissions from city dwellers is an important step towards 

meeting global mitigation targets, as cities are responsible for 71-76% of global energy-

related emissions (CCFLA, 2014). Widely discussed emission reduction methods include 

promoting pro-environmental attitudes and changing the infrastructure and form of the urban 

environment. Transport, housing and general consumption are responsible for a large share 

of GHG emissions, and urban form has been found to affect these carbon footprints of urban 

residents (Heinonen, 2012; Heinonen et al., 2013a, 2013b; Heinonen & Junnila, 2014; J. 

Ottelin et al., 2015). Many researchers have found little correlation between pro-

environmental attitude and less GHG intensive behavior (Bronfman et al., 2015; Poortinga 

et al., 2016; Whitmarsh, 2009; Whitmarsh & O'Neill, 2010).  

This thesis investigated the relationships between pro-environmental attitude and various 

GHG emitting behaviors in the context of three types of urban form found in the Helsinki 

Metropolitan Area. More specifically, the aim of this study was to use regression to analyze 

how urban zones, pro-environmental attitude and several sociodemographic variables 

affected pro-environmental behaviors regarding household energy consumption, clothing 

and produce and annual per capita GHG emissions from local, national and international 

travel. Spatial analysis was presented in maps of HMA to see the location of clusters of high 

and low PEBs, PEAs and travel emissions. 

The challenges related to the attitude behavior gap, such as lack of relevant information 

easily available, organizational challenges and time- and money constraints (Newton & 

Meyer, 2013) are reflected in the differences in the actions of residents from different zones. 

Organizational challenges can strongly be seen with the differences in pro-environmental 

behavior related to household energy, where the denser the zone the lower the PEB factor 

score of household energy (figures 8 and 10) even when PEAs are included in the regression 

model (table 13). It may be easier and more accessible to install secondary heating or control 

personal energy use in detached houses in the suburbs than in apartment building in the 

centers. Additionally, many apartment buildings divide total energy costs of the entire 

apartment building evenly between apartments, which can result in less monetary incentive 

to limit energy use (Heinonen & Junnila, 2014).  

The effect of institutional services and planning such as buses and bike paths on the attitude 

behavior gap can also be seen in the results, as local travel emissions and participation in 

local travel were lower with residents of the pedestrian oriented zone than public 

participation- and car oriented zones (figure 16, table 11) even when controlled for pro-

environmental attitude (table 14).  

The challenge of lack of relevant and easily available information might be visible in the 

results of travel data. International and regional travel are topics not as often or widely 

discussed as limiting private car travel, buying organic or package free produce and 

switching off lights to save energy. The greater knowledge-action gap found between 

environmental attitudes and the less talked about subjects may be a result of this and could 
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signify that the knowledge or information about the environmental cost of those actions isn’t 

easily available to the public.  

The reason why central dwellers are more prone to international travel was not discussed in 

this thesis; it could be related to cultural issues, urban environmental quality, life satisfaction, 

lack of environmental education or busy lifestyles. Further research into the issue is required 

and could provide necessary information to help mitigate emissions from the aviation sector.
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Appendix A – preliminary variable 

computing 
The chapter lists all variables used in the results section and how they were computed. The 

analysis was conducted using a translated and fully processed dataset. It contained the 

calculated estimations of greenhouse gas emissions from travel in CO2 equivalents as well 

as processed survey answers so in some cases no computing was necessary.  

Travel emissions 

The variables used in analyzing travel emissions were annual per capita transportation 

emissions from local, regional and international travel. For total annual per capita emissions, 

these three variables were computed into one.  

Respondents who reported zero emissions were either excluded or included depending on 

the analyses being performed. Sometimes it was necessary to capture respondents who might 

restrain from travel due to environmental attitudes and in other cases eliminating those who 

did not report any kind of travel would offer better analyses. Flyers and non-flyers were 

computed from international emissions from planes, where 0 emissions made group 0 and 

all other emissions values were computed into group 1. 

Zones 

The dataset contained the habitual zones of respondents which had been computed using the 

GIS coordinates of residential locations. The zones were six; basic public transport zone, car 

zone, central pedestrian zone, fringe of the central pedestrian zone, intensive public transport 

zone and pedestrian zones of the sub-centers. The six-zone categories were used in several 

analyses and are mentioned in the text as unmerged zones.  

For other analyses, the zones were merged into three zones. The merging was both based on 

similarities in the mode travelled to work and having approximately the same number of 

respondents in each group. The central pedestrian zone and the fringe of the pedestrian zone 

became zone 1 (33% of respondents), the pedestrian zones of sub-centers and intensive 

public transport zones became zone 2 (31%) and the basic public transport zone and the car 

zone became zone 3 (36.1%). 

Income 

The income categories of reported household incomes were computed into both ordinal 

income categories and to a single monetary value. The ordinal categories were as follows; 

less than €1500 = 1, €1500 - €3000 = 2, €3000 - €4500 = 3, €4500 - €6500 = 4 and more 

than €6500 = 5. Single monetary values were computed from each category in order to be 

able to perform analyses which called for interval data. Category 1 became €750, 2 became 

€2250, 3 became €3750, 4 became €5500 and 5 became €7500. 

Attitudes 

Four statements of the survey provided data for computing various attitude variables. 

The survey answers from the mean values of all four statements where respondents ranked 

how much they agreed or disagreed with the statement from 1-5 (1=strongly disagree, 

5=strongly agree) were computed to make the environmental attitude variable. The 
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statements were; “I want to live as ecologically as possible”, “I am very concerned about 

environmental issues”, “I think about how I can reduce environmental damage when I go on 

holiday” and “I think about environmental impact of services I use”. In order to include as 

many respondents as possible in the analysis, providing just one ranked answer was enough 

to compute the variable and assign an environmental attitude index to the individual. 

In some analyses, ordinal data was necessary instead of interval data. Therefore, attitudes 

derived from the environmental attitude index were split into four groups, Att 1, Att 2, Att 3 

and Att 4. Att 1 had an environmental attitude score of 1-2, Att 2 a score of 2-3, Att 3 a score 

of 3-4 and Att 4 a score of 4-5. 

The survey answers from the four statements were computed to make two variables; general 

attitude and secondary attitude. General attitude was comprised of the mean of the values of 

answers to the two statements “I want to live as ecologically as possible” and “I am very 

concerned about environmental issues”. Secondary attitude was comprised from the 

questions “I think about how I can reduce environmental damage when I go on holiday” and 

“I think about environmental impact of services I use”. 

In some cases, the dataset was split into two groups; concerned and not concerned. The 

groups of environmental concern were computed from just one question from the survey 

where respondents rated their concern from low to high. The question was “I am very 

concerned about environmental issues” and the answers “strongly disagree” and “disagree” 

made the group “not concerned” and answers “strongly agree” and “agree” made the group 

“concerned”. The answer “neither agree or disagree” was excluded from the test. 

Behaviors 

Behavior variables relate to purchasing and general household behavior. 

The “local, organic & unpacked food” variable was comprised of the mean response value 

to these three questions of how often respondents; “buy organic food”, “buy locally produced 

food rather than imported” and “purchase items with as little packaging as possible”. 

Respondents who answered less than two of those questions were excluded. Response values 

ranged from 0-4, where 0 was “never” and 4 was “always”. 

The “environmental, ethical and 2nd hand clothes” was comprised in the same way from 

these questions; “buy second-hand clothes”, “choose to buy clothes according to 

environmental impact” and “choose to buy clothes according to ethical aspects of 

production”. 

The “household energy saving” variable was comprised in the same way from these 

questions; “reduce heating in unoccupied rooms”, “switch off lights in unoccupied rooms”, 

“keep heating low to save energy” and “use high efficiency appliances”. Respondents with 

less than three responses were not included. 

Respondents reported how many electronics there were in the household by choosing “0”, 

“1”, “2”, “3” or “more than 3” (which was computed into “4”). The sum of all televisions 

sets, tablets and computers were computed into one variable of number of electronics in the 

household. 
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Annual number of times clothing or footwear was bought was computed from the question 

“how often do you shop for clothes or footwear?” where respondents chose from the 

responses “weekly”, “monthly”, “a few times a year” or “about once a year”, which were 

coded into 52, 12, 3 and 1, respectively. 

Annual spending was reported in euros in three categories; clothes, furniture and electronic 

items. The responses were answered in ranges, which were computed into one value, 

similarly to the income variable. The ranges were 0 – 500 €, 501 – 1000 € and 1001 – 1500 

€ and above 1500 €, which were computed into €250, €750, €1250 and €1750, respectively. 

The variables were both used in the results separately and as a sum, where they were they 

were computed into a new sum variable only if all three categories were reported. 

Car ownership was computed from the question “how many cars are there in your 

household”, where “none” became 0 and all other numbers became 1. The vehicle fuel 

efficiency variable came from the question “Please indicate how much fuel your cars 

consume per 100 km of combined urban and highway driving” and was reported in liters / 

100 km. The reported fuel efficiency variable was computed from string to numeric from; 

“less than 4”, “4 to 6”, “6 to 8”, “above 10” and “does not apply”, which were computed 

into 3, 5, 7, 11 and system missing, respectively.  

Household type 

In some analyses, it was important to estimate the number of people living in each household 

which was computed from the household type variable. The average number of children in 

households with children is 1.6 according the expenditure survey. Therefore, the variables 

were computed as follows; “Couple living together” became “2”, “Single person living on 

her or his own” became 1, “Couple with child/children” became 3.6 and “Single parent with 

child/children” became 2.6. The household types “Several people with separate budgets” 

and “Single person living with parents” were not included.  

For the childless / with child/children variable, the household type variable was computed 

so that two groups “Couple living together” and “Single person living on her or his own” 

became group 0, and the two groups “Couple with child/children” and “Single parent with 

child/children” became group 1. The group “Single person living with parents” was not 

included as there is no choice of zone location behind that living situation, and the group 

“Several people with separate budgets” was not included either as children are not 

mentioned.  

Housing 

Respondents reported the size of their living space. The reported size of living space (m2) 

was divided by number of people living in the household for a new variable; m2 per person. 

Households were split into two groups based on whether or not they had installed secondary 

heating. Secondary sources mentioned in survey answers were electricity, heat pumps, solar 

panels and wood 
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Appendix B – preliminary results  

The initial results are split into sub-chapters depending on four main variables analyzed; 

zones, income, environmental attitudes, and finally environmental attitudes and zones 

analyzed together against various other variables. 

Zones 

This chapter shows all relevant analyses where files are split by urban zones; travel mode to 

work, transportation emissions, secondary heating, spending, consumption, households 

with/without children and living space. 

The following charts are presented to show the work process of combining the six zones 

provided in the dataset into three zones. 

 

Figure 22: Travel mode to work by the six zones (%). 

As can be seen in figure 22, the main mode of transport to work in the car zone and public 

transport zone are by car (car oriented zone). The two zones with the highest percentage of 

residents going to work by foot are in the central pedestrian zone and its fringe (pedestrian 

oriented zone). The travel by bus and rail has the highest percentage in the pedestrian zone 

of the sub-centres and intensive public transportation zone (public transportation oriented 

zone). 

A Pearson’s chi-square test was performed to analyze the relationships between the 

participants unmerged residential zones and mode of travel to work. There was a statistically 

significant association between mode to work and residential zone. X2 (20, n=733) = 112.17, 

p=.00. 0 cells had expected count less than 5 (min. 8.08).  
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Figure 23: Mean per capita local, regional and international travel emissions of residents 

from each of the three zones.  

A Pearson Chi-Square test revealed that residential zones and having secondary heating are 

significantly associated. X2 (2, n=898) = 28.371, p=.00. 0 cells have expected count less than 

5 (min. 48.29). 

Table 17: Crosstabulation of secondary heating and residential zone. 

  Households without 
secondary heating 

Households with 
secondary heating 

Total 

Zone 

1 263 33 (11.15%) 296 

2 240 38 (13.70%) 278 

3 238 85 (26.23%) 324 

Total  742 156 898 

     

 

A Kruskal-Wallis test revealed that no significant difference was found in total spending on 

clothing, electronics and furniture between the 3 zones, where the mean rank in zone 1, 2 

and 3 were 414.84, 417.66 and 396.15, respectively. Chi-Square 1.435, (df=2) p=.488. 
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Figure 24: Consumption of clothing and footwear by zone, measured by mean number of 

times items are bought annually. 

A Pearson’s chi-square test was performed to analyze the relationships between the 

participants residential unmerged zones and whether they are childless or not. There was a 

statistically significant association between having children and residential zone. X2 (5, 

n=832) = 60.061, p=.00. 0 cells have expected count less than 5 (min. 33.86).  

 

Figure 25: Households with children by zone. 
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Figure 26: Mean size of living space per person by residential zone. 

Income 

This chapter analyses the relationships between income and; international travel emissions, 

total travel emissions, environmental concern, spending and residential zones. 

 

 

Figure 27: The slope of average per capita GHG emissions (kg CO2eq) for each income 

category. The total emissions are for local, regional and international travel. The blue dotted 

line is the slope for the group “Not concerned” and the orange is for the group “concerned”.  

A Spearman’s rho analysis was conducted to see correlations of income groups and 

international travel emissions on one hand and total spending of clothing, furniture and 
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electronics on the other. This time, those who reported 0 emissions were included to capture 

respondents who might restrain from travel due to environmental attitudes. 

Table 18: Spearman’s rank correlation coefficient of income and international travel 

emissions and spending on clothing, electronics and furniture, by zone and environmental 

attitude. Significant correlations at the 0.05 level are bold. 

    International travel             Spending 
 ρ p N ρ p N 

Zone 1 

Att 1 .092 .584 38 .444 .005 38 

Att 2 .092 .427 77 .156 .175 77 

Att 3 .138 .191 92 .385 .000 92 

Att 4 .086 .588 42 .150 .343 42 

Zone 2 

Att 1 .372 .008 49 .403 .004 49 

Att 2 .221 .024 105 .259 .008 103 

Att 3 .248 .030 77 .411 .000 76 

Att 4 .094 .693 20 .029 .905 19 

Zone 3 

Att1 .270 .058 50 .363 .011 48 

Att 2 .242 .015 101 .379 .000 101 

Att 3 .272 .005 105 .318 .001 104 

Att 4 .181 .410 23 .034 .879 23 

        

 

Environmental attitudes 

This chapter analyses the following variables by environmental attitudes; total travel 

emissions, car ownership, fuel efficiency, secondary heating, number of electronics and 

spending on clothing, electronics and furniture. 

A Mann-Whitney U test was performed to test the distribution of mean total yearly emissions 

from local, regional and international travel in two groups; one that is concerned about 

environmental and one that is not. Respondents who reported 0 emissions were excluded 

from the test so 588 cases were valid. Mean ranks in groups “not concerned” and 

“concerned” were 302.3 and 291.38 respectively. The distributions in the two groups did not 

differ significantly (Mann–Whitney U = 34088, Asymp. Sig. (2-tailed) = .480). 

When testing non-flyers and flyers, flyers had a higher mean environmental attitude, 3.056 

(n=532) against 2.920 (n=294).  A Mann-Whitney test showed that the mean rank of 

environmental attitude was significantly different for the two groups, for non-flyers it was 

390.15 and 426.40 for flyers (Mann-Whitney U = 71339.5, p=.036).  

A Mann-Whitney U test was performed to test the distribution of mean environmental 

attitudes in two groups; one that owns a car (1) and one that does not (0). Mean ranks in 

groups 0 and 1 were 439.48 and 393.3 respectively. The distributions in the two groups 

differed significantly (Mann–Whitney U = 73928, Asymp. Sig. (2-tailed) = .006). 

A Kruskal Wallis test was performed on those who reported the fuel efficiency of their cars 

(n=477) to test the mean rank of environmental attitude against each group of vehicle fuel 
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efficiency. The mean ranks for the groups fuel efficiency groups 3, 5, 7, 9 and 11 were 

305,13, 237.65, 211.92, 214.92 and 211.92, respectively. Although the highest fuel 

efficiency groups, 3 and 5 had the highest mean ranks, the differences between the groups 

were not statistically significant (Chi-Square=7.192, p=.126).  

A Mann-Whitney U test revealed that there were no significant differences (p=.333) in the 

mean rank of environmental attitudes in the two groups; one that had secondary heating 

(mean rank 430.92) and one that did not (409.82). N=826, Mann-Whitney U=46596. 

A Kruskal Wallis test was performed to test the mean rank of environmental attitude against 

number of electronics in the household (N=809). The mean ranks of environmental attitudes 

for each number of electronics ranged from 177.50 (lowest, group that represents 13 

electronics) to 597.72 (highest, group that represents 1 piece of electronics). The differences 

between the groups were statistically significant (Chi-Square=31.687, df=12, p=.002). 

 

Figure 28: Mean environmental attitude of respondents from categories filed by number of 

electronics in the household. 

Environmental attitude index scores where correlated against annual spending on clothing, 

electronics and furniture. The Spearman’s rho correlation coefficient was negative and 

significant in only one of the three consumption categories; electronics (ρ=-.100, p=.004, 
N=821). Clothing was significantly positively correlated with environmental attitude but had 

a very low correlation coefficient (ρ=-.069, p=.050, N=821) and furniture was not 

significantly correlated (ρ=-.055, p=.118, N=817). 

Environmental attitudes and zones 

This chapter analyses the data both by environmental attitudes and zones. The data in 

question includes living space, spending, food, clothing, energy saving and local, regional 

and international travel emissions. 

A Kruskal Wallis test was performed to test the mean rank of environmental attitude against 

unmerged residential zones (N=826). The mean ranks for the zones were; 415.13 for central 

pedestrian zone, 458.11 for fringe of the central pedestrian zone, 396.45 for intensive public 
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transportation zone, 407.23 for basic public transportation zone, 354.70 for pedestrian zones 

of the sub-centers and 415.59 for car zone. The differences between the groups were 

statistically significant (Chi-Square=13.837, p=.017).  

When utilizing the three-zone grouping for the same test, the mean rank of zone 1 was 

449.11, zone 2 was 380.52 and zone 3 was 410.58 (Chi-Square=11.078, p=.004) 

A Spearman´s rho analysis was performed to examine the correlations between 

environmental attitudes and behaviors. 

Table 19: Spearman’s rank correlation coefficient of environmental attitudes and 

environmental behaviors. 

variables zones general attitude secondary attitude  
ρ p N ρ p N 

Local, organic & 
unpackaged 
food 

1 .486 .00 262 .516 .00 262 
2 .492 .00 256 .459 .00 256 
3 .385 .00 295 .426 .00 295 

Environmental, 
ethical and 2nd 
hand clothing 

1 .505 .00 257 .543 .00 257 
2 .404 .00 256 .470 .00 256 
3 .462 .00 291 .514 .00 291 

Household 
energy saving 

1 .338 .00 259 .410 .00 259 
2 .314 .00 252 .376 .00 252 
3 .353 .00 291 .348 .00 291 

Yearly local 
travel emissions 

1 -.143 .019 267 -.164 .007 267 
2 -.042 .502 262 -.107 .084 261 
3 -.120 .039 297 -.088 .129 297 

Yearly regional 
travel emissions 

1 .023 .709 267 .077 .209 267 
2 -.020 .752 262 .014 .825 261 
3 .044 .449 297 .015 .791 297 

Yearly 
international 
travel emissions 

1 .011 .861 267 .028 .645 267 
2 -.081 .189 262 -.020 .753 261 
3 .042 .466 297 .072 .215 297 
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Figure 29: Mean annual spending (€) on clothing, electronics and furniture by 

environmental attitudes and zones. 

Histograms showed the relationship between living space, zones and environmental concern. 

 

Figure 30: Mean size of living space of respondents from each zone, from the three-zone 

grouping. The groups „concerned“ and „not concerned“ were analyzed seperately. 

A Pearson Chi-Square test also revealed that car ownership and having children are 

significantly associated. X2 (1, n=830) = 81.660, p=.00. 0 cells have expected count less than 

5 (min. 132.32). 
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Appendix C – the SoftGIS survey 

This appendix presents the online survey used for data collection. 
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