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New ice-ocean tools and applications

Background on ice-ocean interactions in Antarctica

New thermal remote sensing techniques and more
comprehensive/collaborative ways of applying them
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Ocean heat transport to a glacier:

Qutlet Glacier

______________________ MERIFIN




Ocean heat transport to a glacier:

Outlet Glacier
\ Ice shelf Icebergs Seaice

______________________ FLLL T




Our understanding of ice-ocean interactions in Antarctica

1978 West Antarcticice sheet and CO, greenhouse effect: a
threat of disaster . H.Mercer

1981 The weak underbelly of the West Antarctic ice sheet
T.J. Hughes



Radarsat Antarctic Mapping Mission

 September9 — October 20th 1997

* First detailed mapping of this part of the world

* 180 degree yaw of Radarsat spacecraft to map south polar region
of Antarctica

1997 mosaic

2000 mosaic

ASF




Our understanding of ice-ocean interactions in Antarctica

1978 West Antarcticice sheet and CO, greenhouse effect: a
threat of disaster . H.Mercer
1981 The weak underbelly of the West Antarctic ice sheet
T.J. Hughes
2002 Rapid Bottom Melting Widespread near Antarctic Ice

Sheet Grounding Lines

Glacier acceleration and thinning after ice shelf collapse in the

2004 Larsen B embayment, Antarctica
Accelerated ice discharge from the Antarctic Peninsula following
the collapse of Larsen B ice shelf i«‘ Wy, £y
2014 Marine Ice Sheet Collapse Potentially | <Xt
Under Way for the Thwaites Glacier s
Basin, West Antarctica o
R




Dﬂ INVESTIGATING THWAITES GLACIER

NTERNATIONA L | Theratethet Antacctica’s S el il Yot Thwaites Glacler and Pine Island Glacler are two of the biggest and A five-year collaboration Is Investigating what's causing ice loss at Thwaltes
glaciers flow from the land Into — . opsssmm fastest-retreating In Antarctica. If both collapsed, global sea levels couldrise  Glacler and how It will Impact global sea levels. This Is a joint venture between
TH WAl ES the sea has been speeding up. o~ by over a metre. Without them, the entire West Antarctic Ice Sheetcouldbe the U.S. National Sclence Foundation and the UK's Natural Environment
L I R We need te underxiand why, p maore likely to collapse, leading global sea levels to rise by over three metres. Research Council. The elght projects use a sulte of technologies.

NERC's Twin Diter aircraft will take radar
messurements to lock deep below e surface
of the ice and build & clear picture of how
different lagers of Ice and the bedrock interact

HOT WATER DRILLS

These sample the seabed
benesth floating lce shelves
and sedments beneath
grounded ice They also take

Revee This is cruclel In understanding how dimete ice cores from e ice shef,
frirning change will sffect large ice sheels. which will show us what the
y " i\ 3 chmate was like in the past.
it el o A SBSMOMETERS
; : 8 = An array of selsmometers will
> “ messure condions under the ice and

detect In movement, in the
Glacier thins m.f.,";’?..“m...mm" "

Copyright: NERC, Ben Gilliland

FROM STABLE GLACIER...

1 A stable glacier is in rough The floating pert of = Sedments snd weter == - _ s
equilbrium. Annually, the glacier, the ice shelf, benesth the ice affact ——

snow falling cn the glader zcts ke & cork or dam, its spred — &3 does how
replaces the ice flowing helding back the ice much of the glader s in
into the ocean upstream contact with e land at
the ‘grounding line TN -
NG (i ACED
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gL

STABLE GLACER

Between 1592 gng 5
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connected to the land refrested Jaﬁ‘:
Thwaites' Feireated 15km,

o At 182,000 square 4 <
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...10 RETREATING GLACIER el el

It covers an area the |

size of Great Britain

The equiibrium of the stable Warm currents The thinning reduces

glacier bs kot There B no under the lce s effectivenss in or the State of
longes encugh snowfal to incresze, damming ice fow Fleeida. 1t Is s0
replace the increasing Ice melting the remote that enly &
flow into the ocean AR the flceting Ice shelf As mare of the glacer very few human
last lce ends up In the ocean, and causing begins o flat the beings have ever set
rasing globsl sea level. more icebergs glecier flows faster. foot on it

Gilliland, NERC .
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Detect ocean heat transport to the ice using remote sensing?

Outlet Glacier
\ Ice shelf Icebergs Seaice

______________________ FLLL T

14



JGR Oceans

Research Article & OpenAccess ©) @) & &

More than Skin Deep: Sea Surface Temperature as a Means of
Inferring Atlantic Water Variability on the Southeast Greenland
Continental Shelf Near Helheim Glacier

61 Offshore mooring ||
Temperature [C]
p Offshore Atlantic Water ' @180m

| , NP, | g A\
Fjord mooring @290m ! VV'

SST provides proxy for Subsurface in trough
surface and subsurface |
water temperatures in
southeast Greenland

Snow et al. (2021) | | | | |

N

Temperature [C
. 14
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Snow et al.

(in review)
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Snow et al.
(in review)
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Intrusions drive warm Atlantic Water inshore
and warm the subsurface waters at troughs

Greenland

Snow et al. (in review)



New ice-ocean tools and applications

Detection of the Antarctic Coastal Current in an integrated
thermal remote sensing and field observation data set

Thermal detection of ice features and warm plumes at the ice-
ocean interface in Antarctica with the aid of machine learning

Where we are going next — big data ice-ocean analyses in the
cloud using open science principles



New ice-ocean tools and applications

Detection of the Antarctic Coastal Current in an integrated
thermal remote sensing and field observation data set



Seasonal and interannual variability of the
Antarctic Coastal Current in the eastern
Amundsen Sea

Credit: Aleksandra Mazur

Tasha Snow!?3, B. Queste,. Boltt5, L. Boehme>, E. Savidge3, E.
Abrahams®, A. Wahlin4, M. Siegfried3, W. Abdalati®?

1CU Boulder, 2CIRES, 3Colorado School of Mines, “Univ of Gothenburg,
5Univ of St. Andrews, °UC Berkeley
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Antarctic Coastal Current (AACC) in the

Schubert et al. (2021)
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_ mundsen Sea: Largely

unknown

South of Antarctic Circumpolar Current
often along coastline

Fast and shallow westward flow

Meltwater concentration increases as
flows west (Schubert et al., 2021)

AACC variability affects heat transport to
ice shelves (Hellmer et al., 2012)
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Many data sources ,
= SST spatial
resolution:
B2 Conductivity (salinity), o km
Temperature, Depth : i
' ‘—~ 1 |Ocean glider
Seal tag CTD

Tandsat'

ADCP Permit#UK29/2018

Acoustic Doppler Current
Profiler (water velocity) 23



Cool sea surface temperatures often

correspond to AACC
[ Fa Snow (In prep)
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& ~ AACC flows above 50-100 m deep in
east Amundsen Sea

Lindsey

Ocean glider Feb 11
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.~ AACC flows above 50-100 m deep in

LindseyH
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NE Amundsen: AACC larger, faster,
and further offshore in summer

Winter
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Landsat thermal processing pipeline

Build land mask from non-thermal bands

I—* Produce scene specific ice and cloud masks



Landsat SST shows AACC at W. Thwaites

~Thwaites

Dec 17/, 2016 Dec 26, 2016 Jan 06, 2017 Jan 09, 2017




Landsat thermal shows AACC at W.
Thwaie

57

—|Thwaites]
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Landsat SST shows AACC at W. Thwaites
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Landsat SST shows AACC at W. Thwaites
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AACC typically ~15 km wide with some large deviations

Dec
$ 2016
Physical explanations for variability: . ¢ 2017
- Changes to influx of meltwater ¢ 2018
- AACC diversion away from ice front . R ®
- Widening/narrowing with storms (Gi & '
© s *
e ®
Potential errors in technique for é Jan - * )
capturing AACC width
[ ]
e
{4 ® ®

75 10.0 12.5 15.0 17.5 20.0 22.5 25.0
AACC width [km]



AACC typically ~15 km wide with some large deviations

Dec
$ 2016
Physical explanations for variability: . ¢ 2017
- Changes to influx of meltwater ¢ 2018
- AACC diversion away from ice front . R ®
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Conclusions

Combining satellite thermal measurements with field-
based observations provides a more robust understanding
of the AACC

AACC flows above 100 m deep, generally westward along
coastline, and varies seasonally and interannually

AACC variability may modify heat transport to ice
fronts, especially as ice fronts retreat

W. Thwaites

Jan 06, 2017

Tasha Snow Antarctic Coastal Currentand SSTs tsnow@mines.edu
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New ice-ocean tools and applications

Thermal detection of ice features and warm plumes at the ice-
ocean interface in Antarctica with the aid of machine learning



Investigating the impact of Antarctic basal channel

Sass” | and persistent polynya co-evolution on ice shelf
MINES stability

— ,, ‘I
THWAITES
|GLACIERL

. e ,- 3 T"A"‘\b
-~ = e

e —— —=

gz
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Tasha Snow!, M. Siegfried?, E. Savidge!, M. Field?!, K. Alley?, T. Scambos3, A. Villas-Boas14, S.
Adusumilli®, L. Boehme®, E. Abrahams’, F. Pérez’, F. Sapienza’, S. Grigsby?, W. Zheng’, J. Taylor?,
Y. Zheng?®, T. Dotto?, B. Questel?, G. Bortolotto!?, L. Boehmell, A. Wahlin0

!Colorado School of Mines, 2Univ of Manitoba, 3CIRES, “Caltech, >SIO, ®Univ of St Andrews, "UC Berkeley,
8Stanford Univ, °Univ of E. Anglia, 1°Univ of Géthenburg, 1'Univ of St. Andrews

Credit: Aleksandra Mazur



Warm water melting the ice shelf base
creates buoyant plumes and persistent
polynyas

[Schematic of basal channel outflow region

‘ Persistent ,
> lceberg ™ polynya Sea ice
Ice sheet -ttt =
Ice shelfj ; )

Basal channel —— N\
B e .\-
i T L=

‘ W armdeepwater |, :

— \
Altered from artwork by Dutrieux and Holland in WAIS Sdi. Plan



Warm water melting the ice shelf base
creates buoyant plumes and persistent

olynyas
p y y [Schematic of basal channel outflow region

- Persistent .
s Iceberg ™~ polynya Sea ice
Ice sheet . WOSROSSSS A
Ice shelf 4 !

Basal channel — Jf“ b
Buoyant plume o &):(\
| W arm aeep water . _

— \
Altered from artwork by Dutrieux and Holland in WAIS Sdi. Plan



Warm water melting the ice shelf base
creates buoyant plumes and persistent

polynyas

\ [Schematic of basal channel outflow region

, Persistent ,
> Iceberg ™ polynya Sea ice
Ice sheet ‘
i R —

Ice shelf 4

Basal channel —— 4 N
, = _
guoyant pium &/:K\

¥ Warm deep water ,

. —~ .
— - v \

Altered from artwork by Dutrieux and Holland in WAIS Sdi. Plan

Plumes entrain warm water as they rise 2 may melt hole in sea ice at the ice
shelf front (persistent polynya)

Seasonally open, multiple years in a row in the same location
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Goal: Investigate persistent polynya
variability and mechanisms driving that

variability
|{MODIS s
\\
N
Persistent LD
polynya
1\\ Basal
channel Seaice
Land ice
Thwaites Thwaites E.
W. Tongue Ice Shelf

Pine Island
Ice Shelf




Goal: Investigate persistent polynya
variability and mechanisms driving that
variability

MODIS

Landsat

YT N
< ) \'

S 9 AR
> 11 Persistent\\\

- polynya

“Credit; Karen Alley /




Automated persistent polynya detection in a
cloud-based workflow

Cloud-based,
collaborative
& reproducible workflow

dWS

N

@ python’

o
Jupyter

GitHub ’

launch bmder

Data ingest and
structures

0

DASK
Y
STAC

INTAKE
SpatioTemp«

[p

'“

xarray

Data processing

@ scikits-image

Visualization

bakeh

>

HoloViews

Persistent
polynya

Basal
channel

Snow et al. (in prep) 44



Automated persistent polynya detection in a
cloud-based workflow

Cloud-based,
collaborative
& reproducible workflow

dWS
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Automated persistent polynya detection in a
cloud-based workflow

Cloud-based,
collaborative
& reproducible workflow

dWS

N

@ python’

o
Jupyter

GitHub ’

launch bmder

Data ingest and
structures

0
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Data processing
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Visualization
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channel

Snow et al. (in prep) 46



Ice front hand-labeling and
detection using neural nets
on imagery

A
Eojin Lee

Mlchael Field

Select area (time and space)

Start Date: | mm/dd/yyyy ) EndDate: mm/dd/yyyy ()

oy

]

MODIS image visualized through
(g rovided oy NASAHO. Jupyter widgets and ipyleaflet

ipyleaflet | Imagery provided by services from the Global Imagery Browse Servicy
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Physics-featurized segmentation to
detect persistent polynyas

i RN
b\ R

L " '5 A\ & A
| : 1
STEP 1: Preprocessing , STEP 2: Combined Mask Predictions E I I e Abra h

n
g\
ams
;‘.::‘-_'_:".".::,'.‘:f_":_::..,...
() Berkeley
Jiz®/  UNIVERSITY OF CALIFORNIA

48
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Can detect polynya

/

—>[andfast sea ice Melange/open

Seasonal and
interannual
polynya variability
related to basal
melt

Snow (in prep)

2013/14 ‘ ‘
2014/15 (((‘(o Cannot detect polynya
2015/16 ‘
2016/17
2017/18
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2018/19
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Thin sea ice and warmer ice temperatures
associated with polynya

ICESat-2 Hackweek Team: Mengnan zhao, Maria Lozano, Loic Bachelot, Ann-Sofie Zinck, Wilson Sauthoff, Tasha Snow

Landsat thermal Surface elevation & thermal
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. ; - Cold
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Longitude

Snow (in prep)



Winter seal-tag ocean measurements correspond
to warm thermal anomalies at polynyas

Requires Landsat thermal to be collected in polar winter ]

COLORADO SCHOOL OF g

- MINES .
102°W  100°W [oC] 4~y TIRS 0 Elena Savidge
“S{May-August 2020 [ —-1-2

Polynyas

100' /
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2 A
' 400 -
...... \ ¢ & 4 : 4 ) -18
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profiles

8 K] P 2
MODIS surfaceatemperature [°C] 6 OO
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Seal-tag surface temperatures Satellite thermal
_ Temperature [°C]
Savidge et al. (accepted)




Persistent polynya detection and
characterization in a cloud-based workflow

Sea-tag CTDs

Landsat/MODIS/Sentinel imagery

Neural net-derived

_ / 7 I \ ice fronts

} ;i’J’_
1 } U'iww e

— e = oo =-—=—=—=—-- ,
- Physics-featurized segmenter | 212C !
-28.40 |l theinternational interacti |
SR | uting collaboration I

5 I [ ] .
28.50 A h I
: o~ aws
ICESat—2 polynya __________

characterization

Persistent polynya varlability



New ice-ocean tools and applications

Where we are going next — big data ice-ocean analyses in the
cloud using open science principles



CryoCloud: Accelerating discovery for Cryosphere
communities with open-cloud infrastructure

Tasha Snow?, Joanna Millstein?, Wilson Sauthoff!, Wei Ji Leong3,
James Colliander#>, James Munroe?, Denis Felikson®, Jessica Scheick’,

Fernando Perez8, Tyler Sutterley®, Matthew Siegfried!

1Colorado School of Mines, 2MIT/WHOI, 3The Ohio State, 42i2c, >UBC, ®NASA Goddard,
’Univ of New Hampshire, 8UC Berkeley, "UW

Credit: Aleksandra Mazur



Science done in a fundamentally more open way is
the future

Open science Is a collaborative culture enabled by
technology that empowers the open sharing of data,
iInformation, and knowledge within the scientific
community and the public to accelerate scientific
research and understanding




Open-source science at the forefront

OPEN-SOURCE Cvarview Wy Do Open Science? Tranalonm Lo Open Sciencs (TOPS)
SCIENCE
INITIATIVE

Open-Source Science Initiative

MNASA i making a long-bérm commatrient bo Building an inclutive open scince community over the ned decade. Opan-
soANCe science |5 a commitment to the open sharing of software, data, and knowledge (algorithms, papers. documents,
ancillary information) as early as possibde in the sclentific process. The principles of open-source schence ane to make publicty
funded sciantihic reseanch transpanent, inclusive, accaessible. and reproducible. Advancss in technology, including
collaborative tools and cloud computing. help enable open-source sciance. bl lechnology alone s nsufficlent. Open-source
science requines a culture shift fo a more inclushve, transparent, and collaborative sclentific process, which will increase
Eha pace and G\'h'-ﬁf.'fr of scientific Progress

—

To help basld a cullure of open science, MASA champloﬂ-ﬂq a ey inftiative: the Opan-Sourcs Science Inftiative (0550
055 is a comprahaensive prosgram of activitios to enable and support moving science Iowards opannass, including policy
acfpustments. supporting epen-source software. and enalbling cyberinfrastnasctung. O551 aims to implement NASAS Strategy

or Data Managemant and Compating for Groundbreaking Science 2015-2024, which was developed through community

Pt
OPEN (TRANSPARENT) SCIENCE OPEN (ACCESSIBLE) SCIEMCE
scientific process and results should data, tools, software,
be visible, accessible, and documentation, and publications
understandable should be accessible to all (FAIR)
OPEN (INCLUSIVE) SCIENCE OPEN (REPRODUCIBLE) SCIENCE .
“ process and participants should scientific process and results \
ﬁ welcome participation by should be open such that they are

and collaboration with diverse reproducible by members of the (@ . @
people and organizations ComMmunity

Transform to Open Science (TOPS)

From 2022 10 2027. TOPS will accolorate the engagoment of the scientific
community in open science practices through events and activities amed

at

» Lowering barriers to entry for historically excluded commundties

= Better understanding how people use NASA data and code to take
advantage of our big data collections

» Increasing opportunities for collaboration while promoting scientific
innovation, transparency. and reproducibility

The TOPS mission is aligned with recommendations from NASAS Strategy
for Data Management and Computing for Groundbreaking Science
201g-2024. the National Academies reports on open science £
reproducibitity (7', and scientific software (£, and the 2021 UNESCO draft

Recommendation on Open Science (£ synthesis report

Engage in the open science community on
the Transform to Open Sclence (TOPS)
GitHub

TOPS (2021) Creative Commons Altnibution 4.0
License. Mips.//doi.org/10 5281
S2enodf0 5225076

Open Science Curricula: OpenCore

github.com/learnopenscience
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https://github.com/learnopenscience

NASA (and US+): 2023 the Year of Open Science

YEAR OF “...I realized that open science isn’t just about
tools. Open-science innovation is being driven

by a global community with diverse
OPEN perspectives. The scientific questions are
more interesting and nuanced, the solutions

better.” - Chelle Gentemann

open.science.gov

a USGS
T



http://open.science.gov/

What is the cloud?

U TOOLBOX

CLOUD COMPUTING
ARCHITECTURE

Cloud Computing

S o]
2 [

Virtual Software  Application  Storage
Desktop Platform Data
({:!})) llnte rnet

l End User l

|
O] L =0 ==f ==H

Mobile Laptop Printer Desktop Desktop Desktop
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The Digital Watering Hole (in the cloud)

An opportunity shaped by:

« Open, FAIR and CARE Data
« Scalable computation next to the data
« Modular tools for exploration/narrative

To tackle challenges that

D 44

« go beyond disciplinary silos...

Findable Accessible Interoperable Reusable . require analysis of rea”y blg data

{\/V\WVV\AF 7and SXXXOXoX . integration of disparate data...

« participation of disparate, diverse
communities...

o to ultimately connect with society and

4]

Collectiye Authority Responsibility Ethics ) . . .
Benefit  to Control | impact critical decision making.
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https://www.flickr.com/photos/dianasch/

Cloud computing and ICESat-2 science
e

o

Non-intuitive pricing structures, documentation, ICESAT-2
computing options, infrastructure

Cloud computing and open science concerns from the
May 2022 ICESat-2 Science Team Meeting

Costly to use
Time to transition workflows

Worries around intellectual theft

Not obviously more collaborative or faster

This didn’tring true to our experience in the cloud! "
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-

. A cloud-computing platform with bumpers
CryoCloud

Goal: Simple and cost effective managed cloud environment for training new users and
transitioning to cloud workflows

Built and developed for cryosphere scientists by software professionals at 2i2c to make it
possible to:

Process data faster
Democratize science
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-

. A cloud-computing platform with bumpers

CryoCloud

Persistent for (at least) three years
Small instances for all users with option to bring in your own AWS credits
New tool development
Personal cost-monitoringtool to understand your usage
Improved intra- and inter-hub collaboration tools
Helping 2i2c scale with community surveys, feedback, and guidance
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CryoCloud community building

cryointhecloud.com

CryoCloud Github:
github.com/cryointhecloud

CryoCloud JupyterBook CryoCloud JupyterHub
- C ryo C I O u d S | a C k All the content! More about us, resources, training, and Get onto the cloud. Our shared cloud platform for NASA
tutorials all found here! Cryosphere communities.

- Community office hours

- Training, tutorials, and resources

- Bringing in related Cryosphere communities and sharing in
infrastructure ideation and construction
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https://cryointhecloud.com/

o ®

»

Different kinds of users in one place to accelerate

feedback and collaboration

File Edit View Run Kernel Git Tabs Settings Help

m t C ¢ | ®iS2cloud_Landsatintegra® +
Q-a+x£g[3>-c-».toomﬂoadMaMmV®lﬁ

—— fig, ax = plt.subplots{figsize=(6,6))

-/ image. sel{band="blue').plot()

Name - Last Modified plt.plot{ISlons,ISlats,color = ‘green’)
plt.plot(ATMlons,ATMlats,color = ‘orange’)
8 CryoCloud... 3 days ago
M Deskiop a month ago [<matplotlib.lines.Line2D at 8x71b8fb27bB58>]
I shaced 22 days ago P Figure 4
B shaced-rea... 22 days ago
oA CryoCloud. 2 days ago
CryoCloud.... 2 d y
& cno % 200 band = blue, time = 2019-05-07T14:53:54.971000, ..
[J Sentinel.g... a month ago
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latitude [degrees_north])

v9.30
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X 4

WARNING: No ICDs were found. Either,
- Install a conda package providing a OpenCL implementation (pocl, oclgrind, intel-compute:
- Make your system-wide implementation visible by installing ocl-icd-system conda package.
(notebook) jovyan? jupyter-tsnow0dd:~$

™ Terminal 1

Simple 1 3@ © Python 3 (ipykernel) | kile Mem: 2.14 GB

earthaccess

A bython Library for NASA Earthdata
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Open science values

Intellectual generosity

ntellectual humility

Right to participate in science open.stience. gov

Everyone deserves to be treated with dignity and respect
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http://open.science.gov/

Intellectual generosity

Sharing ideas, advancing other’s understanding

Reduce competition and enhance collaboration
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Intellectual humility

// | 1 Research areaofa Our contributions are small
/ \ o . .

/ S relative to the body of

"' . i "" - Knowledge at master knowledge

~|l | degree level.
\\\\ F

~ - The bigger picture
( Circle of human
knowledge on any
major problem at a
given time.)

matt.might.net

Give and receive criticism .
The dent a scientist makes at the

with grace boundary of human knowledge on

any major problem. 67



Right to participate in science

Democratizing science

Global population
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Everyone deserves to be treated with dignity and

respect

Objective and constructive discourse

DIVE RSITY

-c JuCg

of people and perspectives

UIT
® @

in policy and practice

INCLUSION
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&

St

of all voices and visions
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Open science values

Intellectual generosity

ntellectual humility

Right to participate in science open.stience. gov

Everyone deserves to be treated with dignity and respect

Open science as a process, not a product
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http://open.science.gov/

New ice-ocean tools and applications

Combining satellite thermal measurements with field-based
observations provides a more robust understanding of
Antarctic ocean circulation

Integration of machine learning through interdisciplinary
collaborations provides unprecedented opportunities

cryointhecloud.com

lce-ocean research in the cloud using open science principles
will accelerate science to meet the global need

CryoCloud


http://cryointhecloud.com/

Tasha Snow

tsnow03.github.io
Thank you ) @tsnow03

R = - W @TashaMSnow
Funding sources: = tsnow@mines.edu
NASA Transform to Open Science Program (80NSSC23K0002)

NASA ROSES Cryosphere Program (80NSSC22K0385, 80ONSSC22K1877)
NSF Earth Cube Program (1928406, 1928374)

NSF Graduate Research Fellowship Program (DGE1650115)

NASA Earth and Space Science Fellowship Program (NNX16A033H)
Colorado School of Mines

Cooperative Institute for Research in Environmental Sciences
International Thwaites Glacier Collaboration (NERC/NSF)
Amazon Web Services Research Grant

NERC &% (047

Boulder







Iceberg calving at Larsen C ice shelf in
polar winter

e

July 23, 2017 \. ,' © July 30, 2017

39
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Maximum annual extent varied by an order of
magnitude, potentially indicating fluctuations in ice
shelf basal melt rates

Maximum annual
areal extent
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2013 2014 2015 2016 2017 2018 2019 2020
Year



SST or thermal records can provide insight into sub-
daily changes in polynyas during winter
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eACC petween 9 and 40 Km wide near Thwaitescier
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212c.org

The International Interactive
Computing Collaboration

Non-profit.

Service provider for interactive
computinginfrastructure.

An R&D team that contributes back to
open source communities.

kel ol
Berleley upyter @ binder
' N’

PANG=Z0 @) Lollysic

computing languages and
resources packages

co & (R

Notebooks
Seripts
Analyses
[ ] - .
g * b
Jupyterhub -— wter {1
- Online book
¢ Textbooks
—1 =1 (=1 Documentation
— m B'] ’a interfaces

[ authenticate users ]

“m yourhub.2i2c.cloud

@ -
ogram)
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https://2i2c.org/

No vendor lock-in + community empowerment

Customers have the right to replicate
their infrastructure in its entirety
elsewhere, with or without 2i2c.

A shared responsibility model
empowers the community to learn
cloud development skills and aid in
maintaining the infrastructure.

2i2c.org/right-to-replicate

2i2c is committed to running its own infrastructure on open-source tools and

vendor-agnostic infrastructure, though it does not force users to use only

open-source tools in their own environments, code, and data. Below is a table

describing how the Right to Replicate fits into 2i2¢c hub technology.

(Definitions of MUST, MUST NOT, SHOULD, MAY, etc are defined in RFC 2119)

User Code and
Data

User
Environment

2i2¢c
Infrastructure

Cloud Provider
Infrastructure

May be Open
Source

Should be
Open Source

Must be
Open Source

Must be
Portable

We encourage adopting and producing open source code
and data, but this is up to the user.
e.g., licenses for user content/code

Strong preference for open source tools only, although in
some cases user needs may override this.
&.g., Python, R, PyData stack.

Strong commitment to using only open source software,
2.g., JupyterHub, Kubernetes, Postgresqgl

See this blog post for more information.
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Cloud service collaboration model

Collaborate via...

Communicate change requests and issues
Co-create content to guide users

Discuss potential cloud / OSS improvements

Community Leadership Team Community Guidance Team

Experts in community goals, needs, and dynamics.

Usually members of a community. .

Experts in service design and community guidance.

. Usually 2i2c staff.

CryoCloud

Community of Practice
® O

Collaborate via...

Communicate around hub deployment and incidents
Co-develop Open Source Software

Share infrastructure management skills (if desired)

Collaborate via...

Refine and discuss issues to improve service
Align on direction of service and tools
Prioritize and plan development efforts

Cloud Engineering Team

Experts in Cloud Infrastructure and Open Source Development
Usually 2i2c staff.
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: accelerate discovery and enhance collaboration

CryoCloud Community Hub
Custom Environments cryointhecloud.2i2c.¢loud Cloud Infrastructure

e e —————— e ————————— —

/ 2 e \ {
jupyternub l [{ ‘
s |

b

cloud
A9 H oW
1 l

xarray pandos NumPy

M - - e e e e e e e e e e e e

data science environment

@ ]upytu @
devops  opensource  communities

L data science interface | . support tools of practice

T e e e e e SEe e e e e e e e e

- R A e S e e e e e e e e
e . e e e e e e - —

212C

the international interactive

: : Students, researchers,
computing collaboration

developers, educators
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JupyterHub: a rich
workbench

Full terminal
workflow

File management
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Community Hubs

Building collaborative and transferable
community standards and

Cryosphere
Communities @

CryoPartners
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.2i2c.cloud ) J \
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o Open Science Infrastructure Team

Community Leadership (community)
Cloud Engineer (2i2c)
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