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GlacierMap: a citizen science mapping tool for evaluating glacier change and contributing to climate literacy

What? Q Where?
o GlacierMapis an interactive tool to engage the public, and = = = o GlacierMapis focussed on Peru's Cordillera Blanca
o & ® ®

specifically school students, in learning about glacier retreatand its
impacts in regions such as Peru.
o Participants contribute to a database of glacier change, based on

mountain range.
Website Data o Therange includes Peru’s highest mountain,

in of Landsat d lected d | q design collection Analysis  GlacierMap v2 Huascaran (6768 m), and is the most glaciated in
fmapping of -an satdata (Se ecte [ tempora range an Website and Data collection Analysis of outputs We plan to the tl’OpiCS.
ilabili . l i began in August  from the survey translate K . o
avallab|||t>{) rem L[58 and Ak . O e e s it GhcierMap i o Glacier melt provides here waterfor the .8 million
o Mapping is conducted via the ArcGIS Online interface, embedded task designed by 2020, Survey - and mapping, W acerifep Into . . .
pping L ! speciists in web  responses were  focus on value for Spani;h for use in people in the Rio Santa basin.
as a component within a larger workflow, and glaciers are chosen development and  colected unti data generation (vs  educational settings
| GIS. Basedon  December 2020,  “expert” mapping)  in Peru, and have
at rahdom T’rom a selection of 30. . ArcGlIS online but mapping wil and as an aready had
©) G|aCIeI’MaP involves pre- and post-mapplng surveys to gauge interface so freely continue. educational tool. interest from
accessible. educators in Peru.

participant knowledge and concern around glacier change and
downstream impacts, and what impact, if any, participation in the
mapping exercise has on this.

Why?

o Theoverall aim of GlacierMap is to generate a
new database for glacier area change while
increasing public awareness of mountain glacier
retreat, changesto downstream freshwater

contribution, and implications for water, food, Changein glacierarea  Meltwater contribution  Energy generation
and energy security. in Cordillera Blanca to river discharge from hydropower in
o Glaciation is in the UK national curriculum, but is over thelast 40 years during drought Peru
not taught at GCSE /A levelin many schools
who opt to teach coasts as an alternative.
Improving understanding of glacier retreat and its
-35% 90% 50%

impacts amongst school pupils, and creating a
useful tool for teachersto help illustrate this

= global issue, is a key target output of this study.
=
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GlacierMap: a citizen science mapping tool for evaluating glacier change and contributing to climate literacy

Information provided to participants on impacts after mapping task
(also directed to https://sigmaperu.wordpress.com/impacts-of-glacier-retreat/)

Impacts of glacier retreat in Peru

Retreating glaciers can also
contribute to water pollution, making

water unfit for consumption

Hydropower, a form of
renewable energy,
relies on meltwater
from glaciers to covert

into electrical energy

Glacier retreat isa global
issue. In the Peruvian

Andes glaciers have lost
34% of their ice area over
the past 50 years due to a

warming climate

Glacier meltwater is
Plantsand animalsrely

important for freshwater
supplies in mountain
regions

on glacier meltwater to
live and grow, especially

during periods of drought
Increasing pt_);_)ulations in The glaciers of the Andes
to\n_ms and emes'causes Hﬁn also generate tourism,
an increased reliance on supporting the local
glacier meltwater economy

Local populations rely on agriculture Glacier meltwater is important for both

irrigated by glacial meltwater for both

% Z ”y crops and livestock (animals), and is
food and for crops to export worldwide therefore crucial for economic income

v A\
PLYMOUTH S1GM A
Sliol of Geograph Earch Caroline Clason, Sally Rangecroft, Gina Kallis, Shaun Lewin, Tom Mullier, Will Blake & lain Stewart @ peruglaciers.org ' @Caroline_Clason

Eros-IsoGlas




O

GlacierMap: a citizen science mapping tool for evaluating glacier change and contributing to climate literacy

Demographic data from pre-mapping survey* (n = 537)

Age: 19-21: 28%, 16-18: 24%

Gender: 51% female, 46% male

Occupation: 24% school students, 8% teachers, 40% undergraduate
students

Country of residence: 43% UK (n = 233), 19% Canada (n = 101),
I'19% USA (n = 58), 4% Switzerland, 4% Peru, 2% Germany, 2%

Scientist Other
3% 6%
Researcher
6%

Occupation

N\

§

School student
24%
University lecturer
5%

PhD student :

- |
Teacher

9%

Postgraduate student
4%

India, 19 China, other
o Education: 30% had a postgraduate level of education and 86% had
studied geography to some extent, including at GCSE (14%), A level
(17%), undergraduate (38%) and/or in postgraduate education (17%)
o Glaciology experience: 40% had glaciology experience (n = 216), and
8% were “experts” (n = 96) (glaciology employment and/or
postgraduate experience) a0%
o Local experience: 85% of participants had not visited Peru o

University student
40%

HIGHEST LEVEL OF GEOGRAPHY
EDUCATION

30%
25%
20%

*data presented asanalysed 34 Dec 2020 (number of participants on |3t April 2021 = 614) 15% 14%
==
0% 6% - =
5% = — = 3%
0% = = = =
@ None KS3 GCSE Other
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GlacierMap: a citizen science mapping tool for evaluating glacier change and contributing to climate literacy

Participantrecruitment and motivation

MOTIVATION FOR PARTICIPATING

Other (1%)

i 0
Chance to win a Did not answer (1%)

voucher (2%)

HOW DID YOU HEAR ABOUT
GLACIERMAP?

| was interested in/wanted
to know more about the
topic (19%)

Curiosity (14%)

60%

50%

40%
I wanted to contribute
to a citizen science
glacier inventory (14%)

30%
20%
10%

2.1% 1.1% 0.4%

0%

Teacher Wordof  Twitter University Other— Other  Facebook Instagram Google For educational
mouth of mailing purposes (30%)
Plymouth lists

event

| wanted to contribute
to a scientific research
project (19%)

-> social media campaign and prize draw were not very significant in attracting participants

UNIVERSITY OF / X\
PLY

UTH S| G MA : T

sdmlofo nmpﬁ Eareh

ReToeTNLET  Eros-lsoGlas Caroline Clason, Sally Rangecroft, Gina Kallis, Shaun Lewin, Tom Mullier, Will Blake & lain Stewart iy peruglaciers.org %Y @Caroline_Clason




GlacierMap: a citizen science mapping tool for evaluating glacier change and contributing to climate literacy

Participant awareness (pre-mapping survey)

100

o “Q: Do you think glaciers are changing in the Peruvian mountains?”
o 98% yes
o 2% no

Estimate of glacier area loss in Peru
IS
H
= 88
i ou
8

o “Q: How do you think glaciers are changing in the Peruvian mountains?”
o 98% shrinking (n = 512)
o 2% growing (n = 13)

uspms [ooYas
18yaes |

Juspnis AisIsAlun
Juspnis slenpeIBisod
wepnis Qud

J181n)8] AIsIsAlLn
JsypIesssy

sQuens

1840

Occupation

o “Q: What percentage of glacial area do you think has been lost in Peru
since 1980 (%)7" PARTICIPANT ESTIMATE OF % GLACIAL AREA
o mean estimate 41% (correct answer ~30%) LOSS
o min 2%, max 100%, st dev 18.5
o general overestimation of % glacier area loss, but most within
+/- 10% of true value

Frequency

(11.8,21.6] (31.4,41.2] (51.0, 60.8] (70.6, 80.4] (90.2, 100.0]
[2.0,11.8] (21.6,31.4] (41.2,51.0] (60.8, 70.6] (80.4, 90.2]
=== / } Estimated % glacial area loss in Peru
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GlacierMap: a citizen science mapping tool for evaluating glacier change and contributing to climate literacy

Coding of open-ended text around participant understanding

PARTICIPANT UNDERSTANDING OF
GLACIER RETREAT (PRE-MAPPING

66%
7o SURVEY)
60% E=
50% —_—
A0% | — |
30% —— 27%
20% e=e—= 79%
10% - - 6% ¢ 1%
0% | = | | =— | [ —— ] | —|
Specifically Mention warming Offer some form of Technical Other answer  Don’tknow/unsure
mention CC temperatures/  explanation of CC knowledge/
changesin precip understanding

o "Q: Why do you think the area covered by glaciers has changed / reduced in the Peruvian Andes since 19807"

o 82% response rate to question

o 66% of responses mentioned dimate change / global warming

o only four participants stated they did not know / were unsure why glaciers are retreating in Peru (19%). This suggests thata
significant proportion of the GlacierMap participants were knowledgeable about CC and glacier retreat.

o majority of those who demonstrated technical knowledge were either school students (n = 10, 36% of those who
demonstrated technical knowledge) or university students (n = 8, 27% of those who demonstrated technical knowledge). This
could be because they are used to being asked to provide a written explanation to their answers in assessments.
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The mapping task: ArcGIS online interactive mapping platform - randomly selected
glacier, mapping of outline for 1984 and 2018
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-> considerable variation in the scale /accuracy of features mapped by participants!




Mapping contributions for glacier 5 for 1984 (red) and 2018 (blue)- base maps Landsat 1984 and 2018




Mean glacier area (km2)

GlacierMap: a citizen science mapping tool for evaluating glacier change and contributing to climate literacy

Mapping data — mean glacier area mapped by experts and non-experts

Mean and std dev of glacier area by experts and non-experts
(outliers removed) - 1984
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Mean and std dev of glacier area by experts and non-experts
(outliers removed) - 2018
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GlacierMap: a citizen science mapping tool for evaluating glacier change and contributing to climate literacy

Mapping data — mean glacier area mapped by experts and non-experts

Mean glacier area (km2) by experts Mean glacier area (km2) by experts
plotted against non-experts - 1984 plotted against non-experts - 2018
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-> larger spread of glacier area for non-experts, likely due to lack of experience in interpreting satellite imagery
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GlacierMap: a citizen science mapping tool for evaluating glacier change and contributing to climate literacy

Mapping data — number of vertices mapped by experts and non-experts

Mean and std dev of vertices mapped by experts and non-experts Mean and std dev of vertices mapped by experts and non-experts
(outliers removed) - 1984 (outliers removed) - 2018
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GlacierMap: a citizen science mapping tool for evaluating glacier change and contributing to climate literacy

Mapping data — number of vertices mapped by experts and non-experts

Mean no. of vertices mapped by
experts against non-experts - 1984

Mean no. of vertices mapped by
experts against non-experts - 2018
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o -> slight tendency for experts to map in a more detailed fashion, especially for the first mapping exercise (1 984)
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GlacierMap: a citizen science mapping tool for evaluating glacier change and contributing to climate literacy

Mapping data - “effort” by experts and non-experts (where effort = vertices/ area)

Mean and std dev of "effort" by experts and non-experts - 1984 Mean and std dev of "effort" by experts and non-experts - 2018
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GlacierMap: a citizen science mapping tool for evaluating glacier change and contributing to climate literacy

Mapping data - “effort” by experts and non-experts for (where effort = vertices / area)

"Effort" by experts and non-experts - 1984

"Effort" by experts and non-experts - 2018
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-> More effort from experts, especially for 1984 (fatigue for task second time round??)
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GlacierMap: a citizen science mapping tool for evaluating glacier change and contributing to climate literacy

Were participants surprised by change in glacier area cover?

-> 27% of participants were surprised that glaciers in the Cordillera Blanca have lost ~30% of their area since 1980,
while 68.5 % were not surprised. Themes from coding of participant responses in open text outlined below:

Not surprised

Surprised

Study/teach/
learnt in Not shocked/
geography surprised

Glacier loss
31 30

Less than expected/ over short
thought it would be amount of
higher time
17 9

Awareness/knowledge of CC
85
Experience/
research/
Extent of glacier CC/glacier prior
retreat more than Impact of glacier retreat/ | retreat in Was expected | knowledge

Surprised/not expected expected/thought importance of glaciers Peru 23 21

29 22 8 a Awareness/ knowledge
of glacier retreat Similar elsewhere/globally Known/seen in Awareness
102 47 the media of Andes...
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GlacierMap: a citizen science mapping tool for evaluating glacier change and contributing to climate literacy

Did participants’ perception change?

-> participants were asked before and after the mapping task: “On a scale of [-10 (| being not very serious, |0 being very
serious), how would you rate glacial change as a global issue?”

=
[=}

o Pre-mapping average = 8.7

o Post-mapping average = 9.1

o Despite the existing awareness and initial high
perception of glacier retreat as an issue amongst
participants, we did see a slight increase in how serious
participants thought glacier retreat was after conducting
the mapping exerdise and being provided with
information on glacier retreat impacts in Peru.

Participant value of glacier retreat as
aglobal issue (1-10)

=] = =] w R %] =] ~l =] [¥=]
o
L]

Pre-mapping Post-mapping
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GlacierMap: a citizen science mapping tool for evaluating glacier change and contributing to climate literacy

Feedback - 65% of comments were positive, 37% involved suggestions for improvement, 18% included negative feedback

“| liked the fact you could practice drawing out the shapes
multiple times. | learnt that the water from the glaciers is used
for many more reasons than | first thought. | found the fact that
anyone can contribute the most interesting, as it allows people
to lend a hand, even in the smallest way.” (GCSE student)

“| really liked how we could see our two maps afterwards - it was
a striking visual that helped me to appreciate the extent of glacial
retreat. The diagram explaining the effects of this retreatwas also
very clearand easy to understand. | felt like | collected the data
myself - which was really fun and exciting!” (GCSE student)

“| really liked the question that you asked before and after with
how the loss of glaciers affected the locals as | did not realise
the first time that it related to power and electrical energy.”
(GCSE student)

“| was previously unaware of how large the glacial mass loss in
Peruactually was, it was fascinating to learn that. This was a
very interestingand fun task.” (GCSE student)

X\

H SIGMA

“| liked how | could actually contribute to research myself and see
first hand from mapping the images that the glaciers are retreating.
| also liked the diagram at the end with information as | find it
interesting to find out more about the impacts of glacial retreat.”
(GCSE student)

“Really good idea to map like this - would like to use it as an
activity in a lesson too!” (Teacher)

“Simple mapping task - raising awareness of impacts of climate
change. | liked it.” (Teacher)

“I think the resources were very clearand interesting. | love the
duo-coding with images and words (impacts slides) as this is great
for visual learners. | think maybe showing a slide with an example of
a digitised glacier would help with accuracy if | was using this with
pupils.” (Teacher)

“I really liked this. lam a High School teacher and plan to do this with my
Senior Geography dass laterin the month, so wantedto have a go first to
see how it worked. Really looking forward to it - great for their Glaciated
Landscapes understanding as well as consequences of climate change &
greater understanding of hydrological cycle (and causes of regional inequality
t0o). Thank you!” (Teacher)
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GlacierMap: a citizen science mapping tool for evaluating glacier change and contributing to climate literacy
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Spatial literacy

Interpreting
satellite imagery

Connective
thinking

Benefits for teaching and learning

o}
O

o Opportunity for inquiry-based learning through participation in interactive mapping,
developing both spatial literacy and skills in interpretation of remotely-sensed imagery

o Students can develop their understanding of systems and environment-society
interactions through engagement with materials provided in GlacierMap to promote

improved understanding of downstream impacts of glacier change

o Provides an opportunity to situate glaciology in the curriculum within a current,
challenge-facing context, promoting connective thinking.

o Discussions with students stimulated from the GlacierMap resource could include:

The importance of glaciers worldwide;

The importance of glacier meltwater for water, food and energy security for different
users, at different times and on different geographical scales;

The importance of glaciers for local communities, both from a water resource and a
spiritual/sense of place perspective;

Physical feedbacks with regards to climate change and glacier retreat;

Climate change mitigation and adaptation strategies for communities such as those in
the Peruvian Andes - for example, Pre-Incan traditional adaptations such as canals,
locally known as “amunas”, and the importance of low-tech, low-cost options;

The concept of climate justice for nations and communities who have much lower
contributions to global greenhouse emissions.
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GlacierMap: a citizen science mapping tool for evaluating glacier change and contributing to climate literacy

Challenges

o Important to gauge prior knowledge to
create a baseline from which to evaluate
educational impact, however measuring
impact can be difficult where participants have
good prior subject knowledge.

o We found it was most challenging to engage
groups with no interest in the topic (as is
often the case for science communication).

o Some mapping contributions may have been
deliberately inaccurate, this means that qualty
checks by researchers are required.

o Involvement of minors in citizen science
activities can be challenging due to ethical
concerns. Where participant demographic
details are collected for research purposes,
this creates challenges around gaining
participant and parental/guardian consent,
particularly with online research.
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Opportunities

Many teachers have said they will use
GlacierMap as an in-class activity and that
they liked the resource.

We were surprised to learn that there was
also a lot of interest in GlacierMap from
academics who would like to use it as an
activity for higher education.

We did not expect there to be as much
international interest in GlacierMap! One
participant offered to help translate
GlacierMap into Spanish for roll-out in Peru,
and we will now be redesigning the online
platform with this in mind.

Use of virtual resources such as GlacierMap
provides opportunity to diversify the type of
case studies used in teaching, while also
acting as a vehicle for subject-specffic training
around spatial and climate literacy.

Caroline Clason, Sally Rangecroft, Gina Kallis, Shaun Lewin, Tom Mullier, Will Blake & lain Stewart

Lessons for Citizen Science?

Consider how best to design your citizen
science if you expect it to have an
international reach (in terms of vocabulary
used, possible interpretation of wording etc).

Allowing citizen scientists to see that they
have made a tangible contribution to research
is really important. GlacierMap allows
participants to review their mapping and
compare mapping from different time
periods, allowing for both interactive learning
and an immediate sense of involvement.

Don'’t underestimate the time it takes to
create a participant-friendly accessible project!
Carefully consider the clarity of instructions /
training provided to participants as getting this
wrong could mean no useable data.

Be mindful of who the target participants are
with regards to the complexity of the task(s).
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