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Abstract

Previous research on field of sustainable development has shown that individuals’ systems
thinking competency promotes and predicts their sustainability competency and pro-
environmental behavior well. Systems thinking competency also enables us to focus more on
large-scale climate change mitigation actions. Previous surveys indicated that Finns have
changed their behavior for mitigating climate change, but this has been not reflected in
decreased consumption-based calculated carbon footprints because large-scale mitigation
measures have not materialized. The present study assessed Finns’ systems thinking
competency (n = 2006) and knowledge of how to reduce their household carbon footprint. The
survey data collected were analyzed using explorative factor analysis (EFA), hierarchical
regression analysis, t-test, and analysis of variance (ANOVA). The results indicate that Finns
view their own systems thinking competency related to climate change as not very high, and
their assessments vary widely. Moreover, their knowledge of how to reduce their household
carbon footprint is somewhat low and is geared toward small-scale mitigation actions. The

results can be used to inform environmental policy and sustainability education priorities.
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Introduction

Decreasing climate change emissions requires intentional mitigative climate action worldwide.
These reductions entail rapid and far-reaching changes in all societal practices. Global net
climate change emissions should decrease 25-45% by 2030 compared to 2010 levels for halting
global warming of between 1.5 °C and 2.0 °C, with net-zero emissions by 2050-2070 (Masson-

Delmotte et al., 2018).

The interconnectedness of systems thinking to climate change mitigation is important to
recognize (Metcalf & Benn, 2013; Valente, 2012). Systems thinking is a way of exploring and
developing effective action by looking at connected wholes rather than separate parts
(Meadows, 2008). Understanding of the interaction with feedback, nonlinearity, dynamics and
the emergence of complex behaviors over time is essential in systems thinking related to
climate change mitigation (Ehrenfeld, 2007). Redman and Wiek (2021) pointed out that
systems thinking is the most established of the planning competencies in sustainability.
Recently systems thinking competency has been found to be a fundamental part of fostering
sustainability competency in enterprises (Alvarez-Garcia et al. 2022) and framing
sustainability development in higher education (Lozano, Bautista-Puig, & Barreiro-Gen 2022,
Lozano, et al. 2022). Lyytiméaki et al. (2017) pointed out that systemic understanding of the
relationships between sustainability indicators in building a sustainable society. So, there is
evidence that systems thinking has significant benefits for achieving the sustainable
development goals. In this study, systems thinking competency is understood as an individual’s

capability to analyze the potential to reduce climate change across different sectors and scales.



Dubois et al. (2019) found five viewpoints which explicate substantial reduction in GHG
emissions at household level. First, driving cars and flying, meat and dairy consumption, and
heating are the most dominant components of household carbon footprints. Second, household
living situations such as demographics and the size of the home greatly affect the potential to
reduce household carbon footprints. Third, household decisions can alternate through different
phases, such as childhood, adulthood, and illness. Fourth, short-term voluntary efforts will not
be sufficient to reach the severe reductions needed to achieve the 1.5 °C goal. By setting 1.5-
degree lifestyles as an objective, major efforts in all sectors of society are needed, and then
consumers’ actions also play a major role (Akenji et al., 2021). Fifth, the roles and
responsibilities conveyed by current climate policies and household perceptions of
responsibility are not balanced. All the viewpoints above urge to examine how individual
systemic competence is related to reducing household carbon footprints to guide people’s

behavior toward actions that are essential for reducing overall climate change emissions.

Consumption-based accounting has been developed to understand climate change mitigation
measures (lvanova et al., 2016). Typically, consumption-based accounting measures the
amount of greenhouse gases (GHG) produced by a person’s activities including indirect
emissions and is defined as his or her personal carbon footprint or combined to a household
carbon footprint. To achieve a 1.5-degree lifestyle, the average consumer emissions per person
(goods, services, food, housing, and transportation) in a developed country should target 2.5—
3.2 tCO2eq by 2030, compared to contemporary levels of 7.5 tCO2eq in Japan and 10.4 tCO-eq
in Finland (Koide et al., 2021). In the European Union (EU), only 5% of households live within

climate targets, with carbon footprints below 2.5 tCO.eq per capita (Ivanova & Wood, 2020).



This study examines systems thinking competency of individuals on climate change mitigation
and compares it with their understanding of how household actions can reduce their carbon
footprint. We postulate that without systemic thinking by individuals, focus will be on small-
scale actions that are not significant enough in terms of overall emissions. For example, Lin
(2015) found that high school students’ perceived behavior control, carbon footprint analysis,
and attitudes toward carbon footprints were significantly or highly significantly correlated with
their carbon reduction. Tolppanen et al. (2021) pointed out that pre-service teacher students
had little understanding of the impact of mitigative climate change actions as they
overestimated the carbon footprint of low-impact actions and underestimated the carbon
footprint of high-impact actions. Thereby, the following research questions are presented:

e What kind of systems thinking competency do individuals have in relation to climate

change?
e How do individuals estimate the reduction of their household carbon footprint in

relation to their systems thinking competency?

Materials and Methods

The target group consisted of 2006 Finns living in Finland, except Aland (Table 1). Aland is a
Swedish-speaking autonomous region in Finland. The survey was conducted in September
2021 only in Finnish; therefore, Aland was excluded from the survey. The data collection was
carried out as a web survey tool developed by Feedback Group. Web consumer research panels
of the Cint Panel Exchange (CPX) network were used to define the target group. Respondents
were selected from several different research panels, thus preventing a possible panel-specific
structural skew. Respondents are recruited to various web panels using a registration form that

asked the panelists their background information. Based on their backgrounds, respondents can



be queried and quota-selected. Upon registration, the panelists also agreed that research
invitations may be sent to their email addresses. Thus, at the beginning of an individual study,
consent to participate in the study is no longer specifically requested, as the panelists have
already given their consent. Respondents were determined at the sampling stage based on the
demographic structure of Finland. Email invitations to the survey were sent to all panelists who
participated in the target group selection. During the data collection, additional invitations and
reminders were sent to those who did not respond. The average age of respondents was 47.8
years, and the sample was composed of 52.1% women and 47.5% men. Nine respondents
(0.4%) did not want to state their gender. There were no missing data because answering the

questionnaire required an expression of opinion for each question.

Table 1. Respondents’ backgrounds

Gender Frequency Data sample % Finnish population® %
Female 1045 52.1 50.6
Male 952 475 49.4
No answer 9 4 -
Age

16-24 156 7.8 9.9
25-34 342 17.0 12.8
35-44 390 194 12.9
45-54 311 155 12.1
55-65 431 215 13.2
65— 374 18.6 22.3
No answer 2 A -
Education >20 years old

Basic school 150 7.5 171
Vocation school 471 235 33 5%
High school 228 114 '
College 366 18.2 7.6
Uni. of applied science 311 15.5 10.3%*
University, bachelor 151 7.5 '
University, master 305 15.2 8.7
No answer 24 1.2 -
Residential area

Capital area 437 21.8 22.1
Other town 1199 59.8 64.3
Rural area 365 18.2 13.6
No answer 5 0.5 -
Size of household

One 718 35.8 45.9
2-4 1189 59.3 50.0
5- 99 4.9 4.1
Form of resident

Apartment block 992 49.5 375



In terraced or semi-detached 398 19.8 13.2
Detached house 604 30.1 48.0

No answer 12 0.6 -
1 Statistic Finland 2021; *vocation school and high school combined; **Uni. of applied science and University combined

Measures and statistical tests

The questionnaire in this study focused on three issues: (1) Six items measured Finns’
individual systems thinking competency related to reducing climate emissions, (Table 2), (2)
15 items measured Finns’ individual knowledge of and opinions about the effectiveness of
climate change mitigation as their household carbon footprint (kgCOzeq), (Table 5) and (3) on
one item to measure Finns’ individual estimation of their personal carbon footprints per year,
(Figure 1).

To measure Finns’ individual systems thinking competency, the participants were asked to
evaluate their skills in climate change mitigation from a systems point of view. In a previous
study was developed a measurement of systems competence and the results indicated that it
was performed well (author). However, in this study only six responses of ten original
responses (see Table 2) were provided in Exploratory Factor Analysis (EFA). This six items
measurement performed well and includes only climate change mitigation statements. Each six
responses were rated on a 5-point Likert scale: 1 = strongly disagree, 2 = disagree, 3 = neither
agree nor disagree, 4 = agree, or 5 = strongly agree. EFA extracts a factor structure from the
questionnaire data. Factor scores using a regression factor method employed in hierarchal
regression analysis. Regression factor scores predict the location of each individual on the
factor (DiStefano et al. 2009). The Kaiser—Meyer—Olkin (KMO) value of .89 showed that the
sample was suitable for performing EFA. The goodness-of-fit test is %(9) = 141.206, p < .001.
The factor solution accounted for 60.8% of the total variance, and the factor loadings were
satisfactory (.50 or greater), o = .87, Spearman—Brown = .85, mean item-inter correlation =
50.
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The questionnaire to measure carbon footprint knowledge was somewhat similar to that in
several previous studies (Tolppanen et al., 2021; Wynes et al., 2020; Wynes & Nicholas, 2017).
In this study, some changes were made, and different wording was used to better target the
survey to the Finnish population as a whole. The questionnaire did not provide precise emission
values (kgCO2eq), as the survey aimed to assess the effectiveness of Finnish climate action at
the systems level, that is, whether Finns perceive the emission potential of system-level and
small actions. Wynes’s and Nicholas’s (2017) categorization of high-, moderate-, and low-
impact actions were applied in the present study. Tolppanen et al. (2021) indicated that similar
scale performed well. Participants were asked to evaluate the size of the carbon emissions of
each of the mitigation actions using a 5-point scale (no effect; low = 1-200 kgCOzeq, somewhat
low = 201-500 kgCO2eq, somewhat high = 501-800 kgCO-eq, high = >800 kgCOzeq). All

carbon footprint calculations are presented in Appendix 1.

The sum variable for travel, diet, consumption, and housing was calculated as a new variable
for use in hierarchical regression analysis. The sum variable was calculated as follows: First,
incorrect answers were coded as one and correct answers as two. Second, each sum variable

was calculated as a variable-specific average. For example, Travel:

If Change a hybrid car right then 2

If Change an electric car right then 2

If Travel all short distances by bike or on foot right then 2
If Stop long-distance flight wrong then 1

=> Average Travel: (2+2+2+1)/4=1.75.



To measure Finns’ individual estimation of their personal carbon footprints per year, the

respondents chose the option that best describes them, (Figure 1).

As many background data affect understanding of climate change mitigation and
environmental behavior, analysis of variance (ANOVA) on systems competence was used to
look for differences between groups by age, education, size of household, residential area and
form of residence, and t-test for gender (Rondoni & Grasso, 2021), (Table 3). Bonferroni was

applied in multiple comparisons (Table 4).

In the hierarchical regression analysis (Table 6), the responses on the magnitude of actions to
reduce household carbon footprints were stepped up one by one to explain the dependent

variable, that is, Finns’ systems thinking competence. The steps consisted of the following:

Step 1: Systems thinking competency = -1.048 + .829 x Travel (R? = .065)

Step 2: Systems thinking competency = -1.169 +.831 x Travel +.096 x Diet (R?=.066)

Step 3: Systems thinking competency = -.629 + .750 x Travel + .105 x Diet -.406 X

Consumption (R?=.074)

Step 4: Systems thinking competency = -.555 + .744 x Travel + .114 x Diet -.414 X
Consumption -.052 x Housing (R?>=.074, 4R = .008)
The proportion of variance accounted for by the full hierarchal regression model was 7.4% of

the variance, F(4, 2001) = 40.267; p < .001.

Results

Finns’ systems thinking competency related to climate change mitigation



Finns self-estimated that they systems thinking competency in relation to climate change
mitigation associated with their personal level (Table 2). The respondents mostly thought they
could reduce lifestyle-related emissions (mean = 3.56; SD = 0.88) and reduce their own
environmental burden by starting with the most efficient actions (mean = 3.43; SD = 0.93).
Finns’ lowest self-estimated confidence in societal level systemic knowledge linked to the
impact of climate action in different sectors in Finland (mean = 3.27, SD = 0.98) and the
estimation of the magnitude of the environmental impact of transportation, housing, and eating
(mean = 3.30; SD = 0.93). Finns’ systems thinking competency related to climate change
mitigation was not particularly high, as only 8.4% totally agreed with all statements, and their

individual answers varied considerably (mean = 3.38 and SD = 0.93).

Table 2. Finns’ systems thinking competency related to climate change mitigation (n = 2006)

Statement Systems  Factor Mean (SD) Totally agree
level loading %
I can outline the big picture of climate change and find Personal 794 3.42(0.91) 7.3

solutions to it in my everyday life and lifestyle

I can solve the climate crisis in terms of reducing the Personal .765 3.56 (0.88) 10.0
environmental impact of my lifestyle, such as my own

consumption

I recognize which climate measures will significantly Personal .749 3.31(0.97) 8.2
reduce my own carbon footprint in terms of Finland’s

carbon neutrality goal

I can reduce my own environmental impact by starting Personal 71.26 3.43(0.93) 9.0
with the most effective reduction measures

I can put different systems (transportation, housing, and Societal 674 3.30(0.93) 6.8
diet) in order of magnitude in terms of their environmental

impact

I can determine the sectors that have the most urgentand  Societal .655 3.27 (0.98) 8.9
effective means for tackling climate change

Mean 3.38 (0.93) 8.4
Eigenvalue 3.648

Exp. of total variance % 60.8




Gender was a distinguishing factor in environmental awareness for some variables (Table 3).
A t-test revealed that women thought more than men they can solve the climate crisis in terms
of reducing the environmental impact of their lifestyle and choosing the most effective
reduction measures. However, men more often emphasized the most urgent and effective
means of tackling climate change and men thought they could better put different systems in
order of magnitude in terms of their environmental impact. The effect size for this analysis

(Cohen’s d) was found to approach Cohen’s (1988) threshold for a small effect (<.50).

Table 3. Statistical analysis of Finns’ systems thinking competency related to climate change

mitigation (n = 2006)

Background Statistics (df, N)
Systems competency variables
I can outline the big picture of climate change and Age ANOVA: Fs2003=2.469, p<.011, #2=.007
find solutions to it in my everyday life and lifestyle Gender t-test: NS
Education ANOVA: Fe,1975=6.436, p<.000, #>=.019

I can solve the climate crisis in terms of reducing the
environmental impact of my lifestyle, such as my
own consumption

I recognize which climate measures will significantly
reduce my own carbon footprint in terms of
Finland’s carbon neutrality goal

I can reduce my own environmental impact by
starting with the most effective reduction measures

I can put different systems (transportation, housing,
and diet) in order of magnitude in terms of their
environmental impact

I can determine the sectors that have the most urgent
and effective means for tackling climate change

Residential area
Size of households
Form of resident

Age

Gender

Education
Residential area
Size of households
Form of resident
Age

Gender

Education
Residential area
Size of households
Form of resident
Age

Gender

Education
Residential area
Size of households
Form of resident
Age

Gender

Education
Residential area
Size of households
Form of resident
Age

Gender

Education
Residential area
Size of households
Form of resident

ANOVA: F32005= 3.730, p<.011, 72=.006
ANOVA: NS
ANOVA: NS

ANOVA: NS

t-test: 1(1995)=2.936, p<.001, d=.13
ANOVA: B-Fs,1632=9.536, p<.001, #°=.028
ANOVA: NS

ANOVA: NS

ANOVA: NS

ANOVA: Fs2003=2.844, p<.009, #2=.008
t-test: NS

ANOVA: Fe,1975=3.263, p<.003, #>=.010
ANOVA: F32003=3.289, p<.020, #%=.005
ANOVA: NS

ANOVA: NS

ANOVA: NS

t-test: 1(1995)=-2.175, p<.030, d=.11
ANOVA: Fe,1975=4.691, p<.001, #>=.014
ANOVA: NS

ANOVA: NS

ANOVA: NS

ANOVA: Fs2003=3.330, p<.005, ?=.008
t-test: 1(1995)=-2.436, p<.015, d=.15
ANOVA: NS

ANOVA: NS

ANOVA: NS

ANOVA: NS

ANOVA: Fs2003=2.564, p<.020, #2=.007
t-test: 1(1995)=2.471, p<.014, d=.21
ANOVA: Fe,1975=2.795, p<.001, #?=.008
ANOVA: F32003= 3.594, p<.013. #?=.005
ANOVA: NS

ANOVA: NS
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According to ANOVA, four variables differed statistically significantly by age, (Table 3). The
effect size for this analysis (7> = .007—.008) was found to approach Cohen’s (1988) threshold
for a small effect. A post hoc test (Bonferroni) revealed that the 16—24-year-old group often
believed more than other age groups that they were more skilled in assessing the effectiveness

of climate action (Table 4).

Table 4. Multiple comparisons (Bonferroni) of Finns’ systems thinking competency related to

climate change mitigation (n = 2006)

Systems competency Age Mean diff. SE p

I can outline the big picture of climate change 16-24 vs.45-54 294 .089 <.015

and find solutions to it in my everyday life and 16-24 vs. 55-64 312 .085 <.004

lifestyle 16-24 vs. 65-> .268 .086 <.029

I recognize which climate measures will 16-24 vs.45-54 339 .095 <.005

significantly reduce my own carbon footprint in 16-24 vs. 55-64 .280 .090 <.005

terms of Finland’s carbon neutrality goal

I can put different systems (transportation, 16-24 vs.45-54 .320 .091 <.005

housing, and diet) in order of magnitude in terms

of their environmental impact

I can determine the sectors that have the most 16-24 vs.35-44 .303 .093 <.017

urgent and effective means for tackling climate 16-24 vs. 45-5 .320 .096 <.013

change

Systems competency Education Mean diff. SE p

I can outline the big picture of climate change Vocational vs. high school -.320 .073 <.001

and find solutions to it in my everyday life and Vocational vs. bachelor -.293 .084 <.015

lifestyle Vocational vs. master -.340 .066 <.001
Applied bachelor vs. master -.230 .070 <.029

I can solve the climate crisis in terms of reducing  Basic vs. high school -371 .092 <.002

the environmental impact of my lifestyle, such as  Basic vs. applied bachelor -293 .087 <.020

my own consumption Basic vs. bachelor -.369 .100 <.007
Basic vs. master -.385 087 <.001
Vocational vs. high school -.337 .070 <.001
Vocational vs. applied bachelor -.260 .064 <.001
Vocational vs. bachelor -.335 .081 <.001
Vocational vs. master -.351 .064 <.001

I recognize which climate measures will Vocational vs. high school -.274 .078 <.012

significantly reduce my own carbon footprint in

terms of Finland’s carbon neutrality goal

I can reduce my own environmental impact by Basic vs. high school -.416 .097 <.001

starting with the most effective reduction Basic vs. bachelor -.343 .106 <.035

measures Basic vs. master -.292 .092 <.042
Vocational vs. high school -.289 .074 <.003

I can determine the sectors that have the most High school vs. college

urgent and effective means for tackling climate .258 .082 <.049

change

Systems competency Residential area Mean diff. SE p

I can outline the big picture of climate change Capital area vs. the other town .163 .051 <.008

and find solutions to it in my everyday life and
lifestyle

11



I can determine the sectors that have the most Capital area vs. the other town 161 .055 <.019

urgent and effective means for tackling climate Capital area vs. rural area .187 .069 <.042
change

I recognize which climate measures will Capital area vs. the other town 144 .054 <.045
significantly reduce my own carbon footprint in Capital area vs. rural area 196 .068 <.025

terms of Finland’s carbon neutrality goal

Education level affected respondents’ environmental awareness, but the effect size for this
analysis (72 = .01-.03) was found to approach Cohen’s (1988) threshold for a small effect
(Table 3). For the item “I can outline the big picture of climate change...” the biggest mean
differences were master graduate education (.340, p <.001) and bachelor education (.293, p <
.012) compared to vocational education only (Table 4). Moreover, there was a big difference
between high school graduates and vocational school graduates (.320, p < .001). The item “I
can solve the climate crisis...” revealed the biggest mean differences between respondents with
the diploma of basic school and high school (371, p <.001), and degree of bachelor’s (—.369,
p <.05), and master’s (—385, p <.001). Finns’ opinions regarding the item “I recognize which
climate measures...” differed and were biggest between vocational school graduates and high
school graduates (—.274, p < .009). For the item “I can reduce my own environmental...” the
biggest mean differences were between basic school and high school (—.416, p <.001). Finally,
Finns’ opinions toward “I can determine sectors...” indicated the biggest mean differences

were between high school graduates and college graduates (.258, p < .038).

Finns’ opinions of their systems thinking competency were highest in the capital area related
to rural area for following item (Table 4): “I recognize which climate measures will
significantly...” (—.196, p < .025). The effect size for this analysis (> = .005-.006) were low.
Finns’ household size and form of residence did not affect their opinions of systems thinking

competency (Table 3).
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Finns’ carbon footprint knowledge

Finns’ level of knowledge of mitigative issues was highest in issues related to housing: 13.5—
35.6% of participants correctly stated the impact of these actions. Participants were also
relatively knowledgeable about the impact of diet, especially the impact of switching to a
vegetarian diet (33.8% correct). Respondents’ knowledge was lowest for issues regarding items
about consumption. In this category, only 7.6-22% of participants were able to correctly
answer the questions. In questions related to travel, the difference among the respondents was

also high: From 10.9% to 35.5% of participants answered the questions correctly (Table 4).

As shown in Table 5, most Finns have incorrect knowledge of the impact of particular
mitigative actions. Furthermore, respondents perceived high-impact actions as having a lower
impact than they actually do and low-impact actions as having a higher impact than they
actually do. In the items measuring high-impact actions related to avoiding flying and walking
or biking, however, more than 30% of the participants perceived these actions as having a high
impact. Moreover, 46.5% of Finns overestimated that recycling would decrease their carbon

footprint by a very high impact; in reality, the impact is low (Appendix 1).

The carbon footprint calculations were based on averages and assumptions, which are listed in
Appendix 1. Respondents expressed their ideas of the effectiveness of reducing their household
carbon footprint and their views on importance of the different actions do not represent each
respondent’s mitigation potential. According to the calculations, the actions with the highest
impact on GHG emissions are skipping a long-distance flight, changing to ground heat pumps,
and changing to an electric car. All have the potential to reduce GHG emissions by more than

1000 kgCO2eq annually. None of the actions had no effect on GHG emissions, but the lowest
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effects potential was turning off all appliances when not in use, recycling all household waste,
and eating all leftovers. Some actions, such as changing to ground heat pumps or switching to
an electric car, do not necessarily reduce emissions per person as much as calculated, as the

reductions are most likely allocated among persons living in the same household.

The calculated variable-specific average also indicated Finns’ low knowledge of how to reduce
household carbon footprint: Travel (mean = 1.26, SD = 0.29), Diet (mean = 1.23, SD = 0.24),
Consumption (mean = 1.12, SD = 0.22), and Housing (mean = 1.27), SD = 0.26). Finns did not
know much about their carbon footprint; 32% stated, “I do not know” (Figure 1). In Finland,
the overall carbon footprint was 60.1 Mt COzeq in 2016, indicating a 12.5% increase compared
to 2000 (53.4 Mt COzeq; Nissinen & Savolainen, 2019). Then the lowest-income Finnish
households had a carbon footprint of 7.2 t CO.eq per consumption unit, and the highest-income
group had a carbon footprint of 19.0 t CO2eq. The EU has an average carbon footprint of 8.2
tCOzeq/cap, which constitutes 22% of global GHG emissions (lvanova et al., 2016). Compared
to the average Finnish carbon footprint of around 11 t/person in 2016 (Nissinen & Savolainen,

2019), more than 41.1% of Finns expect to be below it (Figure 1, <9499 kg COzeq/year/person).

Table 5. Finns’ ideas of the effectiveness of reducing their household carbon footprint.

No effect Low Somewhat Somewhat High kgCO2eq/
(%) (%) low (%) high (%) (%) year/

person
Travel
Change to a hybrid car 8.8 16.7 42.5 29.0 3.0 620
Change to an electric car 8.1 12.9 31.9 36.1 10.9 1250
Travel all short distances by bike or 5.1 7.3 17.4 34.6 35.5 850
on foot
Stop taking long-distance flights 4.7 7.1 20.5 37.2 30.5 3090
Diet
Change half of main meals to 12.8 12.7 34.7 33.8 5.9 400
vegetarian
Change diet to 100% vegan 16.9 14.3 27.9 274 13.5 880
Have a vegetarian day once a week 17.2 22.0 41.2 15.9 3.7 114
Consumption
Recycle all household waste 2.6 7.6 22.7 46.5 20.6 43

14



Eat all leftovers and not throw any 3.8 8.0 24.8 41.8 215 72
food away

Buy half of clothes secondhand 6.0 10.5 31.0 41.5 111 170
Turn off all home appliances when not 5.2 14.0 35.0 33.6 12.2 12
in use

Spend 30 minutes less in the shower 3.8 135 35.0 34.4 11.2 140
per week

Housing

Change to green electricity 9.8 11.7 32.9 35.1 10.5 410
Change to nuclear electricity 9.8 131 35.9 30.1 11.2 410
Change to ground heat pumps 5.1 9.0 33.8 38.7 135 2670

Correct responses are bolded. The carbon footprint calculations are shown in Appendix 1.
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Figure 1. Finns’ estimation of their personal carbon footprints per year. Respondents chose the

options that best described themselves in the questionnaire

Connections between systems thinking competency and carbon footprint knowledge

As depicted in Table 6, when taken alone, travel was a significant predictor in all steps of the

hierarchical regression model. In Step 1, correct knowledge of the effectiveness of a lower
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travel carbon footprint clearly expressed (8 = .256, p < .001) Finns’ systems thinking
knowledge of climate change. Thus, the potential for reducing the climate impact of
transportation is positively linked to a systemic understanding of climate change mitigation.
However, the model explained only 6.5% of the variance. In Step 2, the mitigation potential of
diet was entered into the model, but it did not predict systems thinking competency. In other
words, it seems that there is no link between diet and a systemic understanding of climate
change, either negatively or positively. In Step 3 of the model, the consumption variable was
entered, and it negatively but weakly predicted systems thinking competency (5 = —.095, p <
.001). This is a weak signal that incorrect knowledge of consumption increases systemic
knowledge. In this final step, travel was the strongest positive predictor, and knowledge of
carbon footprint mitigation potential related to housing did not predict systems thinking
competency. Overall, the hierarchical regression model explained only 7.4% of the variance,
F(4, 2001) = 40.267; p <.001. The results indicate the statistically weak explanatory power of
understanding of carbon footprints in relation to systemic understanding of climate change

mitigation.

Table 6. Hierarchical regression analysis of Finns’ systems competency related to the

effectiveness to lower household carbon footprints. 5= standardized regression coefficient

Systems thinking competency related to climate change mitigation

Step 1 Step 2 Step 3 Step 4

B (S.E.) B (S.E.) B (S.E.) B (S.E.)
Travel .256*** (.070) 257*** (.070) 231*** (.072) .230*** (.073)
Diet .023 (.089) .026 (.089) .028 (.090)
Consumption -.095*** (.095) -.097*** (.096)
Housing -.014 (.080)
R? .065 .066 074 .074
Adjusted R? .065 .065 .073
AR .065 .001 .008

***p < 001
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Discussion

There seems to be a discrepancy between the size of the Finnish carbon footprint 10.4 tCO2eq,
(Koide et al., 2021) and Finns’ reported carbon footprint 6.9 tCO2eq, (Sitra 2021). In 2019,
41% of Finns said they had changed their behavior because of climate change
(Ilmastobarometri, 2019). Finns’ views are strongly divided by place of residence and income.
In the capital area, climate actions are more welcomed than in rural areas, and higher-income
households are more willing to do more themselves to mitigate climate change. Young people,
highly educated individuals, and women are particularly in favor of ambitious climate policies
in Finland. This study fills a gap in research on how citizens evaluate their climate change—
related systems thinking competency and estimate the effectiveness of climate actions to reduce

their households’ carbon footprint.

Systems thinking competency is a fundamental cornerstone of making society more
sustainable. Accelerating climate change and the insecure to staying on a secure carbon budget
(IPCC, 2022) require actions in all sectors. The results can be applied in reflections on how
individuals in organizations and institutions could more effectively build a carbon neutral
societal regime. Wiek et al. (2012) and Wals (2015) pointed out the competence-based learning
aspects of transformation toward sustainability. The present study defined those competences
in the context of systems thinking of climate change mitigation and revealed the challenge to
mitigate climate change. Wynes and Nicholas (2017) pointed out that high-impact actions,
which can reduce GHG emissions by more than 800 kgCO.eq/year, include living car-free,
avoiding air travel, and switching to a plant-based diet. Moderate impact actions, which can
reduce GHG emissions by 200-800 kgCO2eq/year, include replacing a gasoline car with a
hybrid car, washing clothes in cold water, recycling and reusing, and air-drying clothes. Low-

impact actions (<200 kgCO-eq) include upgrading light bulbs and conserving water. This study
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reached similar estimates and respondents’ correct answers are based on averages, and for
example, the impacts of switching to renewable electricity or acquiring an electric car vary
considerably depending on a person’s current habits and situation. Therefore, it is possible that
some answers that were actually correctly related to a person’s own life were categorized as
incorrect. Caution should be applied when interpreting the nationwide actions because same
mitigation strategy by everyone is not necessary or even efficient to achieve goals. Individuals'
choices are related to those activities that have the greatest impact for the person in question.
Individuals' choices are related to those activities that have the greatest impact for the person
in question. Therefore, individual may think that flying is acceptable if the other mitigation
actions are implemented. A future research topic would be to investigate whether a higher
degree of explanatory power of variance in the variables could be found between higher

systemic knowledge and climate change mitigation knowledge.

This study shows that Finns’ self-estimated systems thinking competency related to climate
change mitigation is not particularly high. Although there was significant variation in Finns’
systems thinking competency, mainly gender and education level caused statistically
significant differences in the assessment of Finns' systems competency. Systems competency
in the wider societal context was somewhat more pronounced for men than for women and for
those with higher education than for those with lower education. The results must be interpreted
with particular caution, as the effect sizes were quite small. EFA indicated that respondents
answered consistently with the statement of systems thinking competency related to climate

change.

In the future, it would be useful to investigate different sustainability competencies (author)

with structural equation modeling (SEM) and explore the impact of different contextual factors
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on sustainability skills more closely. As Redman et al. (2021) pointed out, there is growing
interest in examining sustainability competences, but those studies mainly focused on higher
education. Some studies, such as those by Wiek and Kay (2015), Cohen et al. (2015) and
Bhagavathula et al. (2021), indicate the potential to develop and apply sustainability
competencies outside the education sector, and the present study demonstrates the need for

such a study.

Finns’ underestimated the size of their household carbon footprint. They do not know their
personal carbon footprint well in relation to the average Finnish carbon footprint per capita
although various carbon footprint calculators are available online (e.g., Sitra, 2021). Sitra’s
(2021) carbon footprint calculator has been used more than 1.2 million times to date, and the
average carbon footprint is 6900 kgCOzeq, which is also lower than the average Finnish carbon
footprint. As the respondents’ backgrounds were not known, it is unknown whether the results
are due to their background, incorrect estimations of their consumption, or assumptions made
in the calculator. One reason for underestimating carbon footprints could be the low results
from calculators. Finns are generally willing to reduce their climate impacts (Iimastobarometri,
2019), but they need increased knowledge of the effectiveness of climate action, which is

difficult to internalize (Tolppanen et al., 2021).

This study indicated that actions to affect the size of carbon footprint are not very clear to Finns.
Rondoni and Grasso (2021) pointed out a need to develop a commonly recognized footprint
label to better drive sustainable choices. For example, it is plausible that the carbon footprint
labelling per passenger in air transport has increased awareness of climate emissions in the
aviation industry. Similar consumption-related tracking systems should be developed to

increase public understanding of ways to mitigate climate change (Andersson, 2020).
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Consumers have been shown to be increasingly concerned about the effects that their daily
activities can have on the environment (Liu et al., 2017) and personal carbon budgets have been
proposed as a way to mitigate climate change (Fawcett & Parag, 2010). For example, Uusitalo
et al. (2021) conducted a project on personal carbon budgets in the transportation sector.
Similar personal carbon budgets could be extended to other consumption areas. This could
enhance people’s awareness of their carbon footprints and their knowledge of the magnitude
of various mitigative actions. Understanding the size of an individual's carbon footprint will
help identify potential mitigation targets, but at the same time the problems of point solutions
need to be recognized. Increased systemic understanding helps to find offsets for emissions in
one sector (e.g. flights essential for someone) against emission reduction actions in another

sector, such as reducing meat consumption.

Conclusion

Finns’ self-estimated systems thinking competency related to climate change mitigation in not
very high. Their systems thinking competency is employed more in personal level mitigation
actions than an understanding of the emission reduction potential in societal level. Finns’
knowledge regarding reducing household carbon footprints is geared toward small-scale
mitigation actions. Their knowledge of reducing carbon footprint does not predict systems
thinking competency well. As conclusion this study indicates the size of one’s own carbon
footprint in difficult to estimate. The analysis of systems competency related to climate change
mitigation knowledge is linked more personal systems levels and low-impact mitigation

actions.
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Appendix 1. Carbon footprint calculations.

main meals to
vegetarian

sauce with chicken and
pasta: 1.95
kgCOzeq/serve

Example meals include
salad, bread etc. which
are not considered in this
calculation.

Action Reduction GWP impact data Other assumptions References
(kgCO2eq/
person/year)
Travel
Change a hybrid 623 Direct emissions from | Average share of Author et al.,
car petrol/diesel car: 150 biofuels in fuel blends 2022
gCOzeq/km. 10 %. Liikennevirasto,
Average fuel Annual kilometers: 11 2018
manufacturing 400 km. Autoalan
emissions are 29 % of Default passenger car Tiedotuskeskus,
direct emissions from occupancy is 1.4. 2020
petrol car. Electric car consumption
Emissions of passenger | 0.2 kWh/km.
car hybrid (plug-in): Electricity share for
1029C0Ozeq/km hybrids: 0.5.
Carbon footprint of
Finnish electricity grid
mix: 124 gCOzeq/kWh
Change an electric | 1250 Direct emissions from | Average share of Author et al.,
car petrol/diesel car: 150 biofuels in fuel blends 2022
gCO2eq/km. 10 %. Liikennevirasto,
Average fuel Annual kilometers: 11 2018
manufacturing 400 km.
emissions are 29 % of Default passenger car
direct emissions from occupancy is 1.4.
petrol car. Electric car consumption
Emission of electric car | 0.2 kWh/km.
in Finland 25
gCOzeq/km
Carbon footprint of
Finnish electricity grid
mix: 124 gCO.eq/kWh
Travel all short 854 Direct emissions from Driving 32 km/day by Author et al.,
distances by bike petrol/diesel car: 150 passenger car, of which 2022
or on foot gCO2eq/km. 42 % are less than 5 km | Liikennevirasto,
Average fuel trips. 2018
manufacturing
emissions are 29 % of
direct emissions from
petrol car.
Skip a long- 3092 Long-distance flight Helsinki-Phuket distance | Graver etal. ,
distance flight emission factor: 90 8307 km. 2020
gCOzeq/pkm Author et al.,
Emissions from Factor of other 2022
kerosene production: emissions from Chester &
29 % of direct flight combustion of kerosene: | Horvath, 2009
emissions. 1.7 ICAO, 2022
Emissions from plane EEA, 2022
manufacturing: 7
gCOzeq/pkm
Diet
Change half of 399 GHG emissions of Two warm meals a day. | Saarinen et al.,

2011
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GHG emissions of
ground beef casserole:
3.81 kgCOzeq/serve
GHG emissions of
beetroot patty with
barley: 0.98
kgCOzeq/serve

GHG emissions of
soybean patty and
mashed potatoes: 1.17
kgCO.eqg/serve

Percentages of warm
ingredients listed are 68
%, 45 %, 35 %, 44 %
Meat emissions per day:
3.05 kgCO2eq;
Vegetarian emissions per
day: 0.86 kgCO.eq

Change diet to 882 Annual GHG emissions Author et al.,
100% vegan of Finnish average diet: 2022
1800 kgCOzeq.
Annual GHG emissions
of Finnish vegan diet is
918 kgCOzeq.
Have a vegetarian | 114 GHG emissions of Two warm meals a day. | Saarinen et al.,
day once a week sauce with chicken and | Example meals include 2011
pasta: 1.95 salad, bread etc. which
kgCO.eq/serve. are not considered in this
GHG emissions of calculation.
ground beef casserole: | Percentages of warm
3.81 kgCO.eq/serve. ingredients listed are 68
GHG emissions of %, 45 %, 35 %, 44 %
beetroot patty with Meat emissions per day:
barley: 0.98 3.05 kgCO-eq;
kgCOzeq/serve. Vegetarian emissions per
GHG emissions of day: 0.86 kgCO2eq
soybean patty and
mashed potatoes: 1.17
kgCOzeq/serve.
Consumption
Recycle all 43 Emission factors for Mixed waste WWF, 2018
household waste waste management: generated/person/year: HSY, 2021
Bio waste: 69 228 kglyear of which
gCO-eq/kg 40% biowaste
Cardboard: 60 7% cardboard
gCO-eq/kg 4% paper
Paper: 1050 gCOzeq/kg | 3% glass
Glass: 570 gCOzeq/kg 3% metals
Metal: 130 gCO2eq/kg | 14% plastics
Plastics: 70 gCO2eq/kg | 29% others (assumed to
Mixed waste: 410 be treated as mixed
gCOzeq/kg waste)
Eat all leftovers 72 Annual GHG emissions | Food waste accounts for | Author et al.,
and not throw any of Finnish average diet: | 4 % of total emissions of | 2022
food away 1800 kgCO2eq diet. Saarinen et al.,
2019
Buy half of 166 Average Finn’s GHG Buying second-hand Akenji et al.,
clothes second- emissions from clothes saves on average | 2021
hand clothing: 522 63.5% of lifecycle GHG | Gutowski et al.,
kgCOyeq/year emissions 2011
Turn off all home | 12 Emission factor of Unplugging devices can | Motiva, 2022
appliances when average Finnish save 5 — 10% of U.S.
not in use electricity production: household electricity Department of
89 g COzeq/kWh (7.5% assumed) Energy 2022
Average electricity Author et al.,
consumption of a Finn: 2022

1767 kWh/person/year
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Spend 30 minutes | 138 Emission factor of 30 minutes in shower Turku Energia
less in the shower average Finnish district | consume 15 kWh of Motiva, 2022
per week heating production: 177 | energy
g CO2eq/kWh
Housing
Change to green 409 Emission factor of Average electricity Energiavirasto,
electricity Finnish residual consumption of a Finn: 2021
electricity mix: 232 g 1767 kWh/person/year Author et al.,
CO.eq/kWh 2022
Emission factor of
green electricity: 0 g
CO2eq/kWh
Change to nuclear | 409 Emission factor of Average electricity Energiavirasto,
electricity Finnish residual consumption of a Finn: 2021
electricity mix: 232 g 1767 kWh/person/year Author et al.,
CO.eq/kWh 2022
Emission factor of
nuclear electricity: 0 g
CO2eq/kWh
Change to ground | 2671 Emission factor of Average floor area of Official
heat pumps average Finnish district | Finnish detached, Statitistics of
heating production: 177 | attached, and blocks of Finland, 2021
g CO2eq/kWh flats: 79,9 m? EEA 2015
Emission factor of Average amount of Motiva, 2022

average Finnish
electricity production:
89 g CO2eq/kWh

space heating in Finland:
216 kWh/m?/year
COP of a heat pump: 4
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