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Abstract

Pro-environmental behaviors and the cultural shifts that can accompany these may offer solutions
to the consequences of a changing climate. Mindfulness has been proposed as a strategy to initiate
these types of behaviors. In 2017, we pilot-tested Mindful Climate Action (MCA), an eight-week
adult education program that delivers energy use, climate change, and sustainability content in
combination with training in mindfulness meditation, to 16 individuals living in Madison, WI. At
baseline and at different times across the study period, we collected data regarding participants,
household energy use, transportation, diet, and health and happiness. This pilot study aimed to
evaluate the feasibility of the various MCA study practices including measurement tools, outcome
assessment, curriculum and related educational materials, and especially the mindfulness-based
climate action trainings. MCA was well-received by participants as evidenced by high adherence
rate, high measures of participant satisfaction, and high participant response rate for surveys. In
addition, we successfully demonstrated feasibility of the MCA program, and have estimated
participant’s individual carbon footprints related to diet, transportation, and household energy.
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While climate change is truly a global phenomenon, most of the specific actions
that lead to climate change and its impacts on nature and society take place at
smaller scales.

Kates and Wilbanks, 2003

1. Background

As the consequences of a changing climate are both present and looming, it is becoming
more apparent that the solutions exist not only within technological innovation and improved
policies, but also within cultural and behavioral shifts by way of pro-environmental behavior
[1,2]. Pro-environmental behaviors, also referred to as ecologically responsible or
sustainable behaviors, consciously either minimize the negative impact or have a positive
impact on the natural or built environment [3]. In the context of climate change, reducing
one’s “carbon footprint” (CF) (the attributable greenhouse gas impact of a choice or
behavior) has become a targeted goal of pro-environmental behavior and sustainability [4].
Recent research has highlighted the benefits of implementing programs focused on
increasing environmental awareness and the development of a more pro-ecological view,
which could enhance responsible environmental behavior [5]. Others are strongly
encouraging the collaboration between researchers and practitioners to examine the effects
of combining behavior-change interventions within environmental programs in influencing
pro-environmental decisions [6].

Mindfulness has been proposed as a strategy to initiate pro-environmental behaviors;
however, the research is sparse [7-9]. Mindfulness, or “full consciousness”, consists of
paying attention to thoughts, feelings, emotions, and sensations at the present moment
without judgment [10-15]. Mindfulness cultivates attention and increases awareness of our
context, which could be essential for increasing pro-environmental behavior [7, 13, 14, 16—
18]. Because mindfulness-based practices have been shown to have beneficial effects such as
reduced stress, improved psychological and physical well-being, reduced incidence of acute
respiratory infections, and improved cognitive abilities [19-27], mindfulness-based practices
may be effective in modifying behaviors that have ecological implications. These actions
include, for example, eating a lower carbon and higher plant-based diet, bicycling or
walking more often in place of driving, or wearing additional layers in the winter and
turning the heat down.

Over the past few decades, a handful of observational studies have examined the connection
between mindfulness and pro-environmental behavior. For example, one recent randomized
controlled trial of 72 participants in either a mindfulness group or a “mindlessness group”
revealed that mindful learning can influence pro-environmental behavior intentions [18].
Another 2017 study randomly assigned 103 university students to a mindfulness or
mindlessness intervention with results showing that mindfulness significantly increased
belief in climate change (mediated by an increased connectedness to nature) [28]. Similarly,
others found that mindfulness intensifies experiences with the natural world, thereby
cultivating environmental connectedness and increasing the propensity toward pro-
environmental behaviors [14]. An earlier study surveyed 829 people and found significant
associations among mindfulness meditation, ecologically sustainable behavior, and
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subjective well-being, concluding “what’s good for personal well-being is also good for the
planet” [17]. In the same year, a similar study surveyed 100 people and found that
mindfulness was significantly positively correlated with sustainable behavior [16]. Lastly,
several review articles have established the important role that mindfulness may play in
fostering pro-environmental behaviors and sustainability at both individual and societal
scales [7, 9, 12, 13, 29].

Hence, Mindful Climate Action (MCA) was created with a goal of evoking an “ecological
consciousness” among participants [30] (More information on MCA can be found here:
http://www.fammed.wisc.edu/mca/). Mindful Climate Action is an eight-week adult
education program that delivers energy use, climate change, and sustainability content in
combination with training in mindfulness meditation. In spring of 2017, MCA was piloted
with 16 people living in Madison, WI. The purposes of this pilot study and current paper are
to evaluate the feasibility of the various MCA study practices including the measurement
tools, outcome assessment, curriculum and related educational materials, and especially the
mindfulness-based climate action trainings.

As far as we know, research thus far has relied more on self-reported environmental
awareness or behavioral intentions due to increased mindfulness rather than objective
changes in behaviors related to carbon footprint. MCA contributes to the field by: (1)
quantifying individual carbon footprint from the different climate change domains (e.g.,
transportation, diet, and energy); and (2) developing a novel, coordinated mindfulness and
sustainability training course curriculum.

2. Methods

2.1. Aim, Design, and Setting of Study

This study was approved and monitored by the University of Wisconsin—Madison’s
Institutional Review Board (2016-1336). MCA participants were recruited in the greater
Madison, WI area by email solicitations and flyers posted throughout the community.
Prospective participants contacted research staff via email or phone and were screened by
study personnel using scripted protocol.

Participants were eligible if they met these criteria:
. Age 30-65 years old
. Fluent in English
. Willing to complete study-specific tasks
. No substantial prior training in mindfulness or meditation

Participants were eligible if they met the majority (3/5) of these criteria:

. Own (or co-own) a dwelling in Madison, WI and use Madison, Gas, & Electric
for utilities
. Own (or co-own/lease) an automobile and drive at least 5000 miles per year
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. Own a smart phone and willing to download activity monitoring application
(app)

. Not a vegetarian or vegan

. Avre participating with, at most, one other member of the household

Twenty-five people were screened. Once prospective participants passed phone screening,
they met in person with study staff members to be consented and enrolled. Sixteen people
were enrolled in this pilot study. At the baseline visit, participants completed several
psychosocial questionnaires, downloaded a free activity monitoring app on their smart
phones, completed a climate change and energy knowledge pre-test, and completed a three-
day dietary recall.

MCA participation consisted of an eight-week course with weekly 2.5-h group sessions plus
an additional six-hour weekend retreat scheduled toward the end of the program. This
structure was based on the widely used Mindfulness Based Stress Reduction program [10].
MCA sessions were primarily led by two experienced mindfulness instructors; climate
educators also contributed. Participants received about 26 h of contact time. Asked to
practice daily for 45 min, participants were instructed to record their home practice on paper
log sheets.

2.2. Characteristics of Participants/Description of Materials

The MCA pilot enrolled 16 participants. Nine indicated they were female and seven that
they were male. The mean age was 39.7 years, with a range of 30-63 years. Of the 16
participants, seven were college graduates and nine had post-graduate degrees. Two pairs of
participants were members of the same household. Two participants discontinued due to
personal time constraints. One participant was no longer reachable after completing the
MCA course to fulfill final study tasks, so was considered lost to follow-up. In addition to
the 16 enrolled MCA participants, there were three participant observers, who also happened
to be three of the climate educators.

2.3. Description of All Processes/Interventions

2.3.1. MCA Curriculum—->Prior to the pilot study, the MCA team developed an
educational curriculum that dovetailed fundamental climate literacy within eight weeks of
mindfulness meditation training. The curriculum included sharing the book: EnAct, Steps to
a Greener Living [31]. During the first seven weeks, the curriculum was centered around the
topics of: (1) Climate change science; (2) Sustainable and healthy food choices; (3) Water
conservation; (4) Active transport; (5) Energy conservation; (6) Ethical considerations and
compassion for vulnerable populations and future generations; and (7) Reducing purchasing
and consumption for personal and planetary well-being. The final session of the eight-week
MCA class served as a capstone experience for discussion of the curriculum, allowing
participants to explore what they learned and how they intended to incorporate learnings and
practices into their daily lives. Additional information about the MCA Curriculum can be
found in Barrett et al. (2016) [30].
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Five science educators presented climate and energy content using multiple methods. One
instructor simply spoke to the group and tried to spark conversation, others used power point
slides and short videos, and one used tactile learning tools. Each week, the instructors met to
share their content before delivery and incorporate feedback from the MCA team. The
science education portion of the class usually took less than 30 min, so that at least two
hours would be available for mindfulness practices.

2.3.2. Diet and Carbon Footprint Monitoring—Individuals can report their diets in
many ways, including food frequency questionnaires, dietary history interviews, dietary
records, and twenty-four diet hour recalls [32]. This study used the Automated Self-
Administered 24-h Dietary Assessment Tool (ASA24) [33]. Validity of ASA24 has been
tested multiple times [34, 35]. Collectively, the validity studies conclude that diets recalled
via ASA24 match true intake closely most of the time and that ASA24 performs
equivalently to interviewer-administered methods of diet recall data collection.

In this study, participants recalled their dietary intake using ASA24 three times. The first, at
pre-MCA course baseline, was in January and February. The second recall was eight weeks
later, immediately following the MCA course in March and April. The third recall was six
months later in August and September. During each follow-up period, participants recalled
their dietary intake for two weekdays and one weekend day.

In 2015, Hallstrém, Carlsson-Kanyama, and Borjesson reviewed recent literature regarding
dietary analyses for environmental impact [36]. Included studies were based on average or
hypothetical diets. None were based on diets of individual human subjects. Tom Bryan, a
member of the MCA pilot team, developed a new type of carbon footprint calculator based
on individual diets from ASA24 data. The calculator retrieves carbon footprint data
(kilogram [kg] of Carbon Dioxide Equivalents (CO2e) per kg product) from three existing
databases: Agri-footprint 3.0, Eco-invent v3.4, and FoodCarbonScope [37-39]. The
calculator then tags these CF values onto food and beverage products listed in the United
States Department of Agriculture’s Food and Nutrient Database for Dietary Studies (USDA
FNDDS), a database also used by ASA24. As a result, the calculator contains a relational
database of CF data and USDA FNNDS entries. This relational database can be queried
using ASA24 24 h data logged by participants. Using the dietary recall data recorded by
ASAZ24, the calculator is automized to produce itemized carbon footprints.

2.3.3. Transportation and Carbon Footprint Monitoring—Transportation was
measured in two ways: (1) automobile travel in miles verified by pre/post odometer
readings; and (2) use of a smart phone application named Moves [40]. Each participant was
instructed to identify the make/model/year of their primary vehicle and disclose its odometer
reading prior to the MCA course and again six months later. At enrollment, study
participants installed the Moves app onto their smartphones to record activity throughout the
entirety of the study. Moves is a free, GPS-based app that records daily activity of users.
Running in the background of Apple iPhone or Android phones, Moves automatically
records daily walking, running, cycling, and vehicle transport. The type of transport is not
automatically determined, but participants were instructed to identify the specific type they
used (e.g., personal car, taxi, and bus). Participants were tasked with carrying their
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smartphones on them at all times to monitor their modes of transportation. From these data,
we could assess changes in minutes and distance of mode of transportation over time,
whether carbon intensive (car) or better for planetary and human health (bicycle, walking,
and public transportation).

Total mileage was translated into grams of carbon dioxide equivalents emitted using
Fueleconomy.gov’s Find-a-Car app [41].

2.3.4. Energy Usage Monitoring—The local energy provider, Madison Gas &
Electric’s publicly available utility database was queried to determine each participant’s
household electricity and gas consumption [42]. Electricity consumption is reported in
kilowatt/hours (kw/h) per month and natural gas consumption is reported in therms/month.
Using the U.S. Environmental Protection Agency’s conversion calculator, we converted
MCA participant electricity and gas consumption to metric tons of carbon dioxide
equivalents (COye) per household per year [43].

2.3.5. Health/Happiness/Well-Being Assessment—To get a sense of MCA
participant health, happiness, and well-being, we offered five different questionnaires at
baseline, at two months (during the MCA course), at four months (shortly after the MCA
course), and six months. The questionnaires offered to study participants included: (1)
Center for Epidemiologic Studies Depression Scale (CES-D); (2) Pemberton Happiness
Index (PHI); (3) Stanford Presenteeism Scale (SPS-6); (4) Perceived Stress Scale (PSS-10);
and (5) 36-item Short Form Health Survey (SF-36). Answers from online questionnaire were
entered by participants into a customized internet-accessible REDCap study database [44].

CES-D is a validated 20-item, self-report scale designed to measure depressive symptoms in
the general population, focusing specifically on the following: depressed mood, feelings of
guilt and worthlessness, feelings of helplessness and hopelessness, psychomotor retardation
(slowing-down of thought and a reduction of physical movements in an individual), loss of
appetite, and sleep disturbance [45, 46]. The CES-D is scored 0-60 so that a higher score
indicates more depressive symptoms. Individuals with a CES-D score of 16 or greater may
be at greater risk of clinical depression. The PHI is a validated, integrative measure of well-
being, which is scored by summing eleven items in the domain of remembered well-being
and ten items related to experienced well-being with a higher score assuming greater
happiness [47]. The SPS-6 is a validated survey instrument measuring worker productivity,
and thereby “presenteeism” at work [48, 49]. The SPS-6 consists of six items measuring
workers’ perceptions of their ability to overcome the distraction of physical and/or
psychological problems to handle job stress, complete tasks, achieve goals, and maintain
sufficient focus and energy levels. The PSS-10 is a validated measure of perceived stress in
study participants [50, 51]. To interpret PSS-10, positively-worded survey questions are
reverse scored and corresponding ratings are summed, with higher scores indicating more
perceived stress (minimum score is 0, maximum score is 40). The SF-36 is a validated,
multi-purpose healthy survey that measures quality of life in eight different domains relating
to physical and emotional health: physical functioning (PF); role limitations due to physical
health (RP); bodily pain (BP); general health (GH); energy/fatigue or vitality (V); social
functioning (SF); role limitations due to emotional problems (RE); and emotional well-
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being/ mental health (MH) [52]. SF-36 domains are scored (0-100) so that a higher score
indicates a better health state. SF-36 domains were scored based on the sum of certain SF-36
survey questions and then transformed to a 0-100 scale per instructions in the SF-36 User
Manual [53].

2.3.6. Climate and Energy Knowledge Pre/Post Test—Climate change, energy,
and carbon footprint knowledge were assessed by administering a college intro-level test
(pre- and post-MCA training). The test questions were based on a test used for an online
course at UW-Madison, developed by educators in the Cooperative Institute for
Meteorological Satellite Studies Space Science and Engineering Center. The test questions
are in Box 1.

2.3.7. Qualitative Assessment/Focus Group and Interviews—To refine the
curriculum and project, all participants were invited to participate in a focus group or an
interview after completion of the eight-week MCA.. Study staff developed seven questions
with suggested question probes. All questions were designed to be open-ended to elicit
detailed responses from the participants. Participants in the focus group and the individual
interview were asked the same questions. Box 2 lists the specific questions and probes asked
to the participants.

3. Results

3.1. MCA Curriculum

The MCA curriculum was generally well received by the participants (see Section 3.7 for
specific feedback). One useful finding was that the climate-related materials, especially
those from EnAct, were out of date. Future MCA offerings will include short and easy-to-
update essays similar to those in EnAct but tailored to address more current carbon footprint
considerations.

3.2. Diet and Carbon Footprint Monitoring

Of the 16 participants, nine successfully logged their diets using ASA24 for all three time-
points: before, immediately following, and several months after the MCA course. Those nine
participants logged 1560 dietary items consumed in those nine days. Using Eco-invent v3.4
and Food Carbon Scope databases as sources [36, 37], the calculator matched 807 (51.7% of
1560) of those items with carbon footprint data (Table 1). The dietary carbon footprint data
presented in Table 1 are intended only to demonstrate the feasibility of such enumeration.
Future improvements to the sophistication and fidelity of the calculator piloted in this study
will allow for more useful data. Recognizing our small sample size for this measure (n = 9),
we can only discuss the trends in MCA participant dietary carbon footprint. The mean and
median carbon footprints for the group decreased from baseline (1.6 and 1.4 kg COoe,
respectively) to the MCA course (1.3 and 1.2 COye, respectively); however, both the mean
and median carbon footprints for the group increased at follow-up (2.0 and 1.7 kg COe,
respectively).
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3.3. Transportation and Carbon Footprint Monitoring

3.3.1. Transportation Assessment: Moves Results—Eight MCA participants
submitted data from the Moves app at the completion of the study period; however, not all of
the datasets were complete. Five MCA participants provided complete Moves datasets that
consisted of daily minutes and distance walked, bicycled, or driven in a motor vehicle from
the months of January to December 2017. Three MCA participants did not have
smartphones and so were unable to submit Moves data. Three smartphone-owning
participants submitted incomplete Moves datasets. Lastly, three smartphone-owning
participants did not submit their Moves app data. Thus, all of our Moves app analysis is
based on data from five MCA participants.

Based on the Moves app data for these five complete datasets, during the study period MCA
Participants’ mean walking distance was 1.55 miles per week (mean time was 1.81 h/week),
mean cycling distance was 1.28 miles/week (mean time was 0.42 h/week), and mean driving
(in a motor vehicle such as car, bus, or even carpool) distance was 94 miles per week (mean
time was almost 6 h/week). Table 2 shows the descriptive statistics for weekly distance,
time, and miles per hour per mode over the study period (n = 5). Since we did not have a
sufficiently long baseline time frame before the MCA course commenced, we did not
examine the data before and after the MCA course as we did with some other measures in
this study.

3.3.2. Transportation Assessment: Odometer Readings—Thirteen MCA
participants provided odometer readings at two timepoints: baseline and at follow-up. MCA
participants’ total car mileage ranged from 710 to 9411 miles over the study period, for a
group average of 4855 miles. MCA participants’ daily car mileage ranged from 3.5 to 43
miles daily over the study period, for a group average of 24 miles per day. Using the
fueleconomy.gov app to calculate the corresponding carbon dioxide emissions, this
translates into a total contribution of 1,580,438 g (1.6 metric tons) of additional carbon
dioxide emissions from our study participants into the atmosphere during our study period.
The daily contribution of carbon dioxide emissions from study participant driving ranged
from 1260 to 15,396 g (1.3 to 15.4 kg), for a daily group average of 7974 g CO, (about 8.0
kg). Figure 1 depicts the total mileage and total carbon dioxide emissions for participants
with valid data across the entire study period. Figure 1 offers a visual juxtaposition of how
total miles driven compares to the total CO, equivalents emitted. It is important to note that
the carbon dioxide emissions are based on the make, model, year of the car. MCA
participant vehicles ranged 5-21 years old.

3.4. Energy Usage Monitoring

Electricity and gas consumption are depicted in Figure 2. The participants’ average
household electricity consumption in the 12 months prior to baseline assessment was 331

+ 87 kilowatt hours/month (kWh/month) (mean + s.d., n = 12). Natural gas consumption was
50 £ 25 therms/month. These correspond to emissions of approximately 3.0 and 3.5 metric
tons COe/household/year, respectively for electricity and natural gas, based on national
average greenhouse gas equivalencies [43]. This equates to approximately 8.2 kg CO»e/
household/day from electricity consumption and 8.8 kg CO»e/household/day from natural
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gas consumption for MCA participants at baseline. The participants’ average household
electricity consumption in the 12 months after baseline assessment was 314 + 104 kWh/
month (n = 11). Natural gas consumption was 52 + 27 therms/month. These correspond to
emissions of approximately 7.8 kg CO,e/household/day from electricity consumption and
9.0 kg CO»e/household/day from natural gas consumption for MCA participants at follow-

up.

3.5. Health/Happiness/Well-Being Assessment

Table 3 provides the results of the surveys distributed to the MCA participants. Between 12
and 16 MCA participants completed the surveys at any given timepoint. Since our sample
size is small (n = 16), we are reporting trends over the study period and not drawing any
conclusions about causal influences or effects.

For CES-D, a score equal to or above 16 indicates a person at risk for clinical depression.
CES-D scores were lowest after the MCA training and at six months post-intervention,
which also corresponded with the peak of summer (August). For the SPS-6, the higher the
score, the more “present” a person is. In general, all MCA participants became slightly more
present over the course of the study period. For PHI, higher scores assume greater happiness,
and PHI scores progressively got higher during the study period, with average PHI scores
highest at the completion of the study. For PSS-10, scores ranging 0-13 are considered low
stress, scores ranging 14-26 are considered moderate stress, and scores ranging 27-40 are
considered high perceived stress [50]. Most MCA participants reported a lower perceived
stress score after their eight-week class and this continued at six months post-intervention,
again corresponding with the peak of summer (August).

Table 4 shows that the majority of participant SF-36 scores either remained approximately
the same or slightly improved over the course of the study period. Role physical and vitality
went up substantively, with general mental and physical health also trending positively. The
vitality score was the lowest average at baseline (49.4%), but improved greatly throughout
the study period with an average score of 60.8% at the six-month timepoint. The physical
functioning score was the highest average at baseline (91%), and improved slightly over the
study period with an average score of 94.2% at the six-month timepoint. The physical
component summary, a combined measure of physical health, improved from an average
score of 73.6% at baseline to 82% at six month. The mental component summary, a
combined measure of mental health, bettered from an average score of 65.6% at baseline to
69.5% at six month. Figure 3 is a graph of the participant average SF-36 percentage scores
for each health category at each timepoint.

3.6. Climate and Energy Knowledge Pre/Post Test

The average score for the climate and energy knowledge pre-test taken at baseline was 60%.
The average score for the post-test taken after MCA trainings was 65%. Overall, one
dropped out, three participants scored worse, one participant scored the same, and ten scored
better in the post-test. The test asks a variety of multiple choice, fill in the blank, and true/
false questions. While there was a correct answer for most of the questions, the participants
were also asked to assess their own climate and energy knowledge. The MCA climate
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educators did not sufficiently review the questions in advance so the presentation content
was not adequately aligned with the test questions.

3.7. Qualitative Assessment/Focus Group and Interviews

Effectiveness of Program—In the focus group, one study participant found the MCA
program to be especially meaningful:

“I think it’s effective. I’m not entirely certain what the designers of this study
foresaw the effects of this, how they would define the effectiveness of their
methods, but yeah, for me it’s kind of like just the experiences kind of stay with
you.”

Another study participant in the focus group found the MCA program to be particularly
influential in the short-term:

“The key thing is kind of how that translates to a long-term behavior adjustment but
at least in the short term | can say that | think that it did have a very effective
impact, yes.”

Ability to expand the MCA Program—One study participant suggested in the focus
group that there is a great opportunity to scale-up the MCA program by stating:
“We talked a lot in [our MCA] group of like ‘wow if we could just get everyone to

know this or believe this then it would just be like a big wave.””

Example of Specific Behavior Changes: In the focus group, one study participant
highlighted how the MCA program has distinctly changed a specific ecologically-related
behavior:

“The thing I’ve changed the most in my behavior is | go around relentlessly now
turning off lights that my other housemates leave on because it’s like | remember
the electricity lesson that he gave us. TURN OFF THESE LIGHTS”

Class Feedback from both interviews and focus groups—Overall most
participants spoke about the MCA classes with high regard:

“The class was well-constructed and organized.”

“It was just really welcoming and warm.”

“The format of the teaching was very nice.”

“l thought the mindfulness instructors were amazing. | loved them.”
Critigue of MCA—In an interview, one participant was hoping to receive more
information on what action strategies he/she could take:

“l expected more about the difference between adaptation and mitigation. [Future
MCA classes] could focus more on mitigation strategies.”

In both the focus group and interview, several participants suggested that improvements be
made linking mindfulness and climate change:
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“[There was] an attempt to bridge mindfulness and climate, but sometimes there
just wasn’t a natural way to tie climate change into mindfulness.”

“l didn’t necessarily see the interweaving [of mindfulness and climate change] all
the way through it [MCA].”

Collective Insights from Participant Observation—One participant observer saw
how mindfulness may improve the MCA learning environment:

“Personally fascinated by learning in state of open awareness.”
Another participant observer saw how MCA impacted the participants:

“MCA appeared to change how participants view their world. They seemed to be
more in-tune with nature, more aware of their relationship with food, and more
present in their decisions that affect the environment.”

Another participant observer saw how the curriculum could be improved to assist with
behavior change:

“MCA Participants kept asking for more direction and example actions in order to
be better stewards of the earth. MCA Climate Educators offered a lot of facts and
figures, but didn’t give enough instruction on how to change.”

3.8. Feasibility Assessment

Thirteen participants completed the study, for an overall adherence rate of 81%. One
dropped out after consenting (participant said he/she was intimidated by the extent of study-
related activities), one dropped out after the second MCA session, and one was lost to
follow-up. On average, participants attended eight of the nine MCA sessions, one of which
was a day-long retreat. Most of the participants completed weekly logs highlighting and
describing their mindfulness practice outside of class. However, the majority of the
participants failed to log their weekly climate-change related actions.

MCA participant response rate was quite high for all study related tasks. The well-being
survey response rate for MCA participants was 86.7% (208/240) (see Table 2 for more
information). For dietary recall, the participants collectively recalled their dietary
consumption for 144 different 24-h periods. In those recalls, approximately 1500 meal items
were identified by ASA24. All participants who remained in the study submitted their car
odometer readings. Of the ten participants with smartphones, eight submitted their Moves
data, and six of those were complete for analysis.

4. Discussion

4.1. Outcome Assessment

We discuss the results of a feasibility pilot study of an eight-week education program that
delivers energy use, climate change, and sustainability content in combination with training
in mindfulness meditation.
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4.1.1. Curriculum and Climate and Energy Knowledge Test—While the
curriculum used for the MCA pilot received mostly positive feedback, opportunities for
improvement were noted, and are now being implemented. Through interviews, focus
groups, and insights from our participant observers, we gathered invaluable feedback from
the pilot study providing clear pathways for improvement.

We determined that having five different in-person science instructors sometimes was
disruptive, both for the participants and for the instructors. Moving forward, a climate
educator will be present only at the introductory session, and weekly science content will be
delivered via MCA videos that the mindfulness instructors can play at appropriate times.

Because there was such little improvement from pre-test to post-test in the pilot study,
curriculum revisions will ensure that relevant climate and energy facts queried will be
emphasized throughout the course. In the future, the MCA climate educators will better
align the lecture content with the pre/post test questions to better establish validity and
reliability.

Finally, the participants clearly challenged us to better link mindfulness practice and climate
change knowledge throughout the course. For example, one suggestion was to modify the
weekly practice logs to place mindfulness practice and climate-related behaviors on the
same side of a page, rather than front and back, so participants could reflect and act more
often in unison. Future MCA offerings will set this tone during the introductory class,
making it clear that participants will be working towards developing a capacity for mindful
awareness while simultaneously applying mindful awareness to climate change and carbon
footprint considerations. See Box 1 for Revised Curriculum.

4.1.2. Diet and Carbon Footprint Monitoring—Given the small sample sizes, the
conclusions drawn from the carbon footprint data presented here are limited. First, the nine-
day sample of ASA24 data may not be representative of participant’s diets as a whole.
Second, the nine-participant sample precludes generalizations about the demographics
represented in the MCA cohort. Third, the nine-participant sample and the nine-day sample
of ASA24 together prevent conclusions being drawn regarding the differences in carbon
footprints measured in the pre, during, and post time points (Figure 1).

Even so, logging the itemized diets of participants with ASA24 and subsequent carbon
footprint enumeration is feasible. Future improvements to the sophistication and fidelity of
the calculator piloted in this study will allow for more useful data. The carbon footprints
estimated are reasonable given that the calculator analyzed just over 50% of the items logged
(almost half of items did not have CO, equivalents in any of the databases used). The
participants’ recalled diets ranged 0.13-1.2 kg COe/person/day. The EPIC-Oxford cohort
ranged 2.89-7.19 kg COe/person/day using a food-frequency questionnaire [54]. In
addition, in 2014, Heller and Keoleian estimated the average U.S. diet consumed to have a
footprint of 3.6 kg CO»e/person/day based on nationwide loss-adjusted food availability data
[55]. Neither used the itemized dietary recalls of individuals. As more studies are added to
the databases used by the calculator the validity and comprehensiveness of the calculator
will increase.
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We hypothesize that, with ASA24 experience and mindfulness training, participants may
have become more mindful of what they ate, and more complete in logging and entering that
data. As participants gained awareness of what they were eating and each food items’
respective carbon footprints, there was also a potential co-benefit of healthier eating; items
with a lower carbon footprint are generally more plant based, which are considered more
heart healthy.

4.1.3. Energy Usage Monitoring—The participants in this study at both baseline and
follow-up exhibited typical natural gas consumption, but below average electricity
consumption. MCA participant household energy consumption did not change substantially
from baseline to after the MCA course. Our participants consumed on average 331 and 314
kwh/month of electricity and 50 and 52 therms/month of natural gas at baseline and follow-
up, respectively. For comparison, the average consumption of all MG&E customers was 531
kWh/month and 55 therms/month respectively in 2016 [56]. This may reflect higher energy
conservation concerns in this sample, which are more readily implemented in electricity
consumption. In addition, anecdotally, several the participants lived in apartments where gas
consumption is shared between multiple units. In future work, we intend to ask participants
about such details as well as participation in MG&E’s “Green Power Tomorrow” option to
direct payments towards wind power contributions to the utility’s electricity portfolio [57].

4.1.4. Transportation and Carbon Footprint Monitoring—According to the U.S.
Department of Transportation, the average American drives 13,476 miles per year or
approximately 37 miles per day [58]. According to their odometers, MCA participants
averaged less than the national average with 24 miles per day over the study period;
however, one study participant exceeded the national average with an average of 43 daily
miles driven.

Per capita bicycle distance in the United States is estimated to be 0.46 miles per week (5.2
min/week) [59]. Based on the Moves app data, MCA participants bicycled an average of
1.28 miles per week, over twice as far as the average distance for Americans. This is
probably because Madison, W1 is a bicycle friendly community with extensive bike paths
and lanes, so much so that it is one of five cities in the U.S. to achieve Platinum status
according to the League of American Bicyclists [60]. Per capita walking distance in the
United States is about 2.2 miles per week (43.4 min/week) [59]. Based on Moves app data,
MCA participants averaged walking about 1.55 miles per week (just shy of 2 h). MCA
participants walked less than the average American, and also walked at a pace that was
slower.

We were only able to collect valid Moves app data for 5 MCA participants, so this
information is not generalizable. Participant feedback revealed that use of the Moves app on
Android devices was tricky, and they were unable to differentiate mode of motor vehicle
(e.g., car, bus, and rideshare) unlike iPhone users who could do so. This is a limitation of the
Moves app because the differentiation between car use and bus use is important for
considering carbon footprint and active transportation. Since Americans who use public
transportation spend a median of 19 min daily walking to and from public transportation,
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riding the bus is one opportunity to promote personal health while also reducing individual
greenhouse gas emissions [61].

In a recent review of activity monitoring systems applications, the reliability and validity of
the Moves app for walking in laboratory and free-living conditions was low; however, this
was only for Android phone users and was only tested for measuring step count and no other
modes [62]. Evidence is scarce on the validity and reliability of activity apps, including
Moves. For future pilot studies, we may consider use of alternative activity trackers, or may
test the validity and reliability of the Moves app.

In the MCA session on transportation, participants contemplated the carbon footprint of
different modes of transportation, and also considered feasible options for potentially
making climate-wise shifts in their personal transportation habits. MCA participants were
made aware of the potential co-benefits of switching to more active modes of transportation
(e.g., walking, bicycling, and taking public transportation), such as improved personal health
from increasing physical activity and improved local air quality [63—65]. We cannot presume
that the walking and cycling minutes recorded from the Moves app replaced car trips;
however, we can view these as increased opportunities for improving physical health. In
addition, mindfulness has the potential to instill long-term positive physical activity
behaviors. For example, recent research has shown an association between mindfulness and
a greater satisfaction with exercise, and those who have a greater satisfaction in exercise,
tend to exercise more [66]. In future versions of MCA, we aim to have a longer baseline
period where we can track participant transportation behaviors before the intervention. We
plan to have more data timepoints to look at the data longitudinally to really assess if
participant transportation behavior changes, especially if they had not considered active
transportation as an option before.

4.1.5. Health Assessment—In general, all health and well-being survey responses
trended in the positive direction over the course of our study period. MCA participants
indicated slightly less depressive symptoms by the end of the study period, slightly more
“presence” at work, modest improvements in happiness, minimal reductions in perceived
stress, more vitality, and better overall health. While we cannot make any sweeping
conclusions about the relationship between Mindful Climate Action trainings and these
measures of well-being, we are encouraged that all of the measures improved, even if
marginally. Previous studies already have determined a link between mindfulness and
positive emotional and physical health outcomes [23, 26]. Our findings concur with these
studies, indicating that there are potential well-being benefits of MCA participants.

4.1.6. Calculating Carbon Footprint—We were able to calculate approximate daily
carbon dioxide emission equivalents for MCA participants in three domains: household
energy use (MCA participant household averages of approximately 8 kg COoe/
household/day from electricity consumption and approximately 9 kg COe/household/day
from natural gas consumption), diet (MCA participant average ranging from 0.13-1.2 kg
COqe/person/day), and motor vehicle fransportation (MCA average almost eight kilograms
COoe/person/day). Summing these three domains gives us an average of about 26 kg (57
pounds) COe/person/day from our MCA participants (about 9.49 kg or 9.5 metric tons
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COoe/person/year). On average, Americans contribute approximately 17 metric tons/COoe/
person/year [67].

Our methods for estimating carbon footprint are an innovative and perhaps valid way of
assessing carbon-footprint on an individual level, but are not yet comprehensive. For
example, almost half of food items do not yet have carbon footprint data, and cannot be
included. Other domains not considered for this pilot, which would also contribute to an
individual’s carbon footprint, include the purchasing of goods (e.g., clothes, furniture, and
electronics), household waste, and travel (flights and hotels). We have thought about ways of
measuring and incorporating these other domains into the MCA carbon footprint calculation,
and intend to include them in future MCA pilot studies. This will improve the validity and
comprehensiveness of our carbon footprint calculation.

4.1.7. Focus Groups and Interviews—Feedback from MCA participant focus groups
was notably positive. Most participants reported enjoying the experience and were glad they
participated. Several agreed that the program was effective and had a lot of potential to
expand. Some participants pin-pointed specific behaviors related to climate change action
that they had already changed or intended to change.

One resounding critique of the MCA pilot was the desire for more interweaving of
mindfulness and climate change-related teachings. In response, the MCA team will strive for
improvement in this area, focusing on making the connections between mindfulness and
climate change action more apparent. One simple improvement will be to merge the daily
home practice log for mindfulness practice and climate-related behaviors. Another more
challenging solution will be for the mindfulness instructors to incorporate climate
knowledge directly in the discussion and practice during each session.

4.2. Other Limitations

Results from the MCA pilot study must be considered in light of certain limitations. As this
was a feasibility study with a small sample size, the study findings have limited
generalizability. This pilot was aimed at testing out procedures, and it was not designed to be
able to look at causal influence, which will require a control group and a much larger sample
size. In addition, this study did not have a long baseline timeframe before the intervention
began, and we only followed participants for six months. In future studies, we would like to
obtain baseline characteristics for at least one month prior to MCA trainings, and to follow
participants for a full year afterward, which is especially important because of the seasonal
nature of active transportation. Additionally, this pilot study was subject to volunteer bias as
recruitment was limited to email listservs and community groups with people who are
generally already environmentally conscious. It should be noted as well that the education
level of participants in this pilot study was unusually high, which could skew results,
especially in the psychometric questionnaires. Finally, this study was quasi-experimental and
did not have a comparison group. In future studies, we will plan to implement MCA as a
waitlisted, randomized controlled trial in which we will be able to better test the
effectiveness of MCA on personal health and climate-related behavior change.
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5. Conclusions

Overall, the results of this pilot study demonstrate and support the feasibility of an eight-
week adult education program that delivers energy use, climate change, and sustainability
content in combination with training in mindfulness meditation. MCA was well-received by
participants as evidenced by high adherence rate, high measures of participant satisfaction,
and high participant response rate for surveys and other study tasks. While our methods of
quantifying carbon footprint are still being improved and upgraded, especially in regards to
dietary carbon footprint, we have taken great strides in quantifying estimates of our MCA
participants’ individual carbon footprints related to diet, transportation, and household
energy. To the best of our knowledge, this is the first time an approach such as this has been
tested, and it represents a new paradigm for instilling pro-environmental behaviors that
reduce individual carbon footprints, while at the same time supporting personal health and
happiness.
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Box 1.
Climate and Energy Knowledge Test.
1. Personally, how well informed do you feel about how Earth’s climate system
works?
a. Very well informed
b. Fairly well informed
C. Not very well informed
d. No clue
2. How well informed do you feel about the different causes of global warming?
a. Very well informed
b. Fairly well informed
C. Not very well informed
d. No clue
3. How well informed do you feel about the consequences of global warming
a. Very well informed
b. Fairly well informed
c. Not very well informed
d. No clue
4, What comes closest to your own view on climate change?
a. Most scientists think the main cause of global warming is human
activity and burning fossil fuels
b. Most scientists think global warming is mostly due to natural causes
c. There is a lot of disagreement among scientists about the causes of
global warming
5. Roughly how much carbon dioxide is in the atmosphere today?
a. 290 ppm
b. 300 ppm
C. 350 ppm
d. 390 ppm
e. 400 ppm
f. 450 ppm
g. Don’t know
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6. Which nation contributes the most carbon dioxide to the atmosphere today?
a. UK
b. India
C. China
d. uU.S.
e. Russia
f. Germany
g. Japan
h. Don’t know
7. Annual energy savings from replacing an incandescent light bulb with an

equivalent LED bulb are:
a. about the same

b. about 2 times greater

c. about 5 times greater
d. about 8 times greater
e. about 10 times greater
8. The average American drives about how many miles annually?

a. 3500 miles
b. 7500 miles
C. 10,000 miles
d. 13,500 miles
e. 15,000 miles

9. Which change could affect my annual CO, emissions the most?
a. Use a clothes line or drying rack instead of dryer for at least 50% of
my laundry.

b. Wash all my clothes in cold water.
c. Turn up A/C thermostat in summer by 2 degrees F.
d. Turn down heating thermostat on winter nights by 1 degree F.

10.  Which of the following foods has the greatest carbon footprint per kg of food?

a. lamb
b. potato
c. soybeans

Sustainability. Author manuscript; available in PMC 2019 October 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Grabow et al.

11.

12.

13.
14,
15.

16.
17.

18.

19.

20.
21.

22.

23.

24.
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d. pork
e. tomato
The typical US household has a carbon footprint of:
a. 18 tons/CO, per year
b. 28 tons/CO», per year
% 48 tons/CO. per year
d. 68 tons/CO>, per year
e. 108 tons/CO5 per year
The typical bath uses how many gallons of water?
a. 25 gallons
b. 50 gallons
% 100 gallons
d. 200 gallons
e. 500 gallons
Define greenhouse gas?
What is the most abundant greenhouse gas?

Which greenhouse gas is of most concern to climate scientist studying
warming?

What element constitutes the bulk of the mass in any single tree

What was the first creature added to the endangered species list because of
human-induced global warming?

The transportation sector is the greatest contributor to greenhouse gas
emissions. (True/False)

Global warming is accelerated by the melting of snow and ice cover surfaces.
(True/False)

Melting of the Arctic ice cap will likely result in rising sea levels. (True/False)

Melting of snow and ice in Antarctica and Greenland will likely result in
rising sea levels. (True/False)

Meals from beef cattle generates more than double the greenhouse gas
pollution than other meals. (True/False)

Heavy precipitation events have been increasing due to climate change. (True/
False)

Heavy precipitation in urban areas makes it harder for water to replenish
groundwater aquifers. (True/False)
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25.  Populations and regions least likely to respond to climate change impacts are
the most likely to suffer harm. (True/False)

26.  Replacing driving to work with active transport (walking or bike riding) 3
days a week or more significantly reduces chances for stroke and/or heart
attack. (True/False)
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Box 2.
MCA focus group and interview guestions.
Please give your first name and, just for fun, tell us what your favorite season is.
Introductory questions about MCA
Please describe reasons why you were initially interested in the Mindful Climate Action research
stuay.
Probe as needed:
Q1 . How did you first learn about the program?
. Think back to when you first became involved with the research study. What were
your first impressions?
How much were you expected to know about climate knowledge and did you learn anything
additional by the end of the program?
?Probe as needed:
. How much, would you say most people know about climate change and
Q2 greenhouse gases?
. Can you think of any topics that you would have liked to learn more about?
. Were there any climate change related topics that didn’t resonate with you?
Why/why not?
Tell me what you thought about the combination of mindfulness with climate education as a way
to foster personal change?
Probe as needed:
. Was it disruptive to have different instructors each week for the climate education
portion of the class?
Q3 . Was it helpful to have consistent Mindfulness instructors?
. Thinking back, what went particularly well within the MCA course? Would you
say that the weekly topics meshed with the mindfulness instruction?
. Some people chose not to fill out the detailed home practice log related to climate
change (the back side)—why not?
Can you tell us what you thought about the range of teaching methods (from traditional lecture
to hanads-on learning) used for MCA?
Probe as needed:
. Were the instructors knowledgeable? Effective?
Q4 . Were they good at explaining their subject?
. What do you think about presenting the climate education by video (not in person)
each week?
. Suppose that you were in charge of the MCA Program and could make one
change that would make the program better. What would you do?
In what way is your life different because of your participation in the program?
Probe as needed:
. How satisfied were you with your effort in this course?
Q5
. What were some barriers you found to your participation?
. Would you encourage your friends/associates to participate in this program?
You have all had a lot of really important things to say. Now, thinking about all of the things we
Q6 have just talked about, if you had 1 min to tell someone how to improve their carbon footprint,
what would you tell him/her?
Wrap Is th hil hould have talked about, but didn’t?
Up s there anything we should have talked about, but didn’t:
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MCA participant total personal motor vehicle mileage and subsequent carbon dioxide

emissions/100 over the study period.
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Household Natural Gas Consumption

- »

Baseline Follow-Up

Household Electricity Consumption

-

Baseline Follow-Up

MCA participant natural gas (therms/month) and electricity consumption (kilowatt hours/
month) during the twelve months prior to baseline (baseline) and the twelve months after the
beginning of MCA (follow-up).
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MCA Participant SF-36 Scores
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Figure 3.

MCA participant score percentages for each SF-36 category at each timepoint across the
study
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Summary of the carbon footprints (kg CO-e) of the nine participants with pre, during, and post ASA24 logs.
The calculator used eco-invent and FoodCarbonScope as the data sources.

Participant Baseline CF (kg CO,e) During MCA CF (kg CO,e) Follow-Up CF (kg CO,e) # of Items Logged
B 3.0 13 3.7 204
C 0.9 0.9 1.6 121
D 15 1.2 1.7 89
E 2.2 0.7 1.0 148
F 11 1.2 18 198
G 1.0 1.3 11 197
| 1.4 1.9 2.2 230
J 0.4 0.8 1.6 186
L 2.7 2.8 3.7 187
Group Sum 141 12.1 18.3
Group Mean 1.6 13 2.0
Group Median 1.4 1.2 1.7
Group Range 2.6 2.1 2.6
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MCA participant Moves app data (n = 5) descriptive statistics for the entire study period.

Table 2.

Mode Unit Mean Median  SD Min.  Max.
Hours/week 1.81 2.18 095 0.61 2.87
Walk Miles/week 1.55 1.75 0.86 0.48 2.42
Average mph  0.84 0.80 0.07 0.79 0.95
Hours/week 0.01 0.01 0.01  0.00 0.02
Run Miles/week 0.02 0.02 0.02 0.01 0.04
Average mph  2.01 2.01 0.42 171 2.32
Hours/week 0.42 0.29 051  0.00 1.09
Cycle Miles/week 1.28 1.14 1.45 0.01 2.82
Average mph  3.11 293 0.61 2.60 3.97
Hours/week 5.85 3.85 378 285 1150
Motor Vehicle  Miles/week  93.96 82.89 62.74 3472 18517
Average mph  19.33 13.45 16.35 7.21 48.05
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Table 3.

Descriptive statistics for surveys (* = survey not completed for this timepoint).

Timepoint

Month0 Month2 Month4 Month 6

n 16 13 12 13
Mean 111 10.8 13.3 9.7
SD 5.7 8.6 11.3 8.4
CESD
Minimum 4.0 0.0 2.0 0.0
Median 8.0 9.0 10.0 6.0
Maximum 21.0 26.0 35.0 23.0
n 16 13 13 13
Mean 215 235 23.2 24.1
SD 3.7 3.8 4.2 4.2
SPS-6
Minimum 15.0 14.0 15.0 14.0
Median 22.0 24.0 24.0 25.0
Maximum 27.0 29.0 28.0 30.0
n 16 14 13 13
Mean 87.6 88.4 86.8 90.0
SD 13.6 19.2 20.2 20.5
PHI
Minimum 58.0 50.0 53.0 49.0
Median 91.5 925 94.0 98.0
Maximum 103.0 111.0 117.0 113.0
n 15 14 * 14
Mean 16.2 13.8 * 12.0
SD 5.3 6.1 * 5.2
PSS-10
Minimum 8.0 5.0 * 3.0
Median 16.0 13.0 * 135
Maximum 27.0 25.0 * 20.0
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