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ClIC FoCUSERIEaS

* Primary lead for the Cryosphere Grand Challenge, which was
recently re-named: Melting lce — Global Consequences

o Contributing to the Grand Challenge on Regional sea Level Rise

* The anticipated grand challenge on Decadal Climate Prediction
will necessarly involve the WCRP Polar Climate Predictability
nitiative (PCP) which ClIC co-organizes.

* [hese efforts will also have significant oloservational data needs
spanning all aspects of the cryosphere (snow, sea-ice, frozen
ground, glaciers, ice sheets).

* MPs! MiPsl MFs!
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CliC and GMIFG

ce Sheet MIP (ISMIF)
Marine Ice sheet-Ocean MIFP (MISOMIP)
sea lce MIP (SIMIP)

There will be a need for guality-controlled
(Ideally gndded) data sets, with guantifiec
Jncertainty, to be used in evaluating mode
output, Improving model pnysics, and
potentially Integrating with models
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ce Sheet Model Intercomparison
~roject for CMIP6

* |ce sheets responding much
faster than expected, major
contrioutor of SLR and
uncertainty in future SLR
orojections

e Accepted project within T
CMIP6, model runs starting = g
— 3. Nowicki, NASA Goddard, Pl M"'——
— Proposal approved, plans
underway

o [ata necded to constraint
and valldate models

N@!‘ ISMIP info courtesy S. Nowicke, NASA Goddard
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SMIP Goals

e |Nnitial emphasis Is to bring ice shest community efforts 'in
ohase” with CMIP scenarios

— In ARDS, Ice shest projections were based on AR4
scenarios, while CMIPS community used new RCP
SCenarios

o Ultimately, desire Is to Include tully coupled aynamic ice
shest models within AOGCIMS for future CMIPS

— Obtain future sea-level changes from a fully coupled system

— Ability to Investigate impacts/feedbacks from interactive ice
sheets

NS@QA http://www.climate-cryosphere.org/activities/targeted/ismip6 6 S@




SMIP Goals

Primary goal: 1o estimate past and tuture sea-level
contrioutions from the Greenland and Antarctic ice sheets,
along with associated uncertainty

Secondary goal: to investigate feedbacks due to aynamic
coupling between ice sheet and climate models, and impact
Of Ice sheets on the Earth system

=permental design uses and augments the existing CMIPo
experments to contribute to the CMIPG science guestions
(1) How does the Earth system respond to forcing? and (3)
HOW Can we assSess future climate changes given climate
varabilty, predictability and uncertainty in scenarios’?
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Precipitation: Land ice upper surface boundary

Snowfall + Rainfall condition from AOGCM snow models:

A A A A A A 2 Surface Mass Balance (SMB) = Precip
Evaporation/Sublimation — Runoff — Evap/Sub
‘ ) 4 4 Temperature (@ interface btw snow
SMB = model and land ice
Runoff Frontal mass balance

= iceberg calving + melt

Water flux into sea water

Subglacial H20 from land ice = runoff
/ : from surface + subglacial

BMB H20 + melt @ ice/ocean

|

Grounding line

Bedrock

Basal Mass Balance (BMB) and land ice basal temp computed differently depending on
whether ice flows over bedrock or ocean
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SMIPE Data Needs

Precipitation (rain and
SNOW)

Surface melt, sublimation

Precipitation
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\arine lce Sheet Ocean Mode
ntercomparison Project (MISOMIF)

Community effort to improve models and
Understanding of ocean-ice shest Interactions

— Led by D. Holand (NYU)

Particular focus on West Antarctic Ice sheet (WAIS)

— Key target guestion: What Is the response of WAIS to IPCO
forcing scenarios”?

Several models of varying sophistication (idealized to
realistic) being locked at

24 meeting, May 16-18, 2016 in Abu Dhabi, UAE
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ARTICLE Nature, 30 Mar

d0i:10.1038/naturel17145

Contribution of Antarctica to past and
future sea-level rise

Robert M. DeConto! & David Pollard?

MICI

Surface meltwater/rain
Crevassing, hydrofracturing
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WAIS Colapse’?

Energy and Environment

Scientists nearly double sea level rise
. . . > = Under the Ice Sheet
prQ]ectlonS {Or 2100, because Of Antarctlca The vast West Antarctic ice sheet sits on bedrock that dips thousands of

feet below sea level. New computer simulations suggest that the
warming atmosphere and ocean could attack the ice sheet from above

qum . and below, causing sea levels to rise much faster than previously
A & 2680 [J] Saveforlater 3= Reading List thought.

® Washington Post, 30 Mar Gareent
Antarctic

SCIENCE

Climate Model Predicts West Antarctic Ice Sheet Could Melt Rapidly
By JUSTIN GILLIS MARCH 30, 2016 0000

Bedrock
elevation

- Above

sea level

Below
sea level




\Vany uncertanties remain

Sea floor depth, west Greenland

e Bathymet

« Ocean temperature ano
salinity profiles at ice front
and under ice

« NASA Oceans Melting
Greenland (OMG) project
colecting data from
coastal gaclers

— Ship and aircraft obs

http://omg.jpl.nasa.gov 13 @




Nga\sA

oea lce MIP (SIMIP)

SIMIP goal: Understand the simulated sea-ice evolution and
ts biases in the CMIPE experiments on the process leve

SIMIP approach: SIVIF s a diagnostic MIP

« No model experments

* Reqguest for clearty defined variables that will allow an in-deptn analysis

of the three pudgets that govem sea-ice evolltion and its role In the
Earth's climate system.

WCRP Grand Challenge: SIVIP directly contrioutes to the
goals of the WCRP GC "Cryosphere in a Changing Climate’

CMIP6 science questions: addresses first two CMIPE
sclence questions (climate response to forcing and sources
and consegquences of model biases), by analyzing the sea ice
evolution.and Investigating the-sources of model blases

Thanks to Dirk Notz for SIMIP information 14 @



SIMIP Key Questions

o Key gap: Causes of large spread in sea ice extent in CMIPS
simulations are not clear, and CMIP5 model output does not

allow an In-deptn analysis of these biases as budgets can not

e closed and nigh freguency outout of Important varaples Is
lacking,

e New output wil address the folowing sclience questions:

— What causes biases in the simulation of the sea-ice state”

— How much ao simulations of the Eartn's climate penetit from
mprovements in the sea-ice model component”?

— What's the interal variability of the Earth's sea-ice cover’?

— HOW sengiiive Isstiag sea-ICe covertochanges In the
external forcing”?

NSQ}A 15 S@




Sea lce Concentral@mP®aceriantes

e Seaice concentration (from passive microwave Sensors) Is one
of longest and most complete satellite climate records

e Uncertainty estimates are critical for optimal use of sea ice
concentration fields for model validation, Initialization, assimilation

* VWhile numerous validation studies have been done to generaly
characterize concentration emor, until recently grid cell level
uncertainty estimates did not exist

N%p 16 Cl




Concentration Uncertainties:
[hree Approaches In EXIsting Datasets

« (Concentration/algorithm variability: NOAA/NSIDC CDR

e Sensor footprint and coefficient characteristics:
FUNVETSAT OS-SAR and ESA CO

o Algorithm iteration: NASA Team 2 algorthm (L. Brucker,
NASA Goddard)




NOAA/NSIDC CDR

* Neighporhood spatial  » More variapility in nign

variabillity (st. dev.) arror regons (melt, thin
from two algorthms ce, near ice edge)
AVHRR Visible
_ 3—Dy Composite CDR St. Dev.
F i 2 July
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N<A\5f\ Meier et al., Polar Research, 2014 18 C@




—UMETSAT OS-SA-

"Smearing” error due
to mismatch of
Sensor footprints ano
grid resolution

Algorthm error —
tiepoint varialility for
oure surface types

Figure 2-2: Maps of Sea Ice Concentration (left) and total
uncertainty (right) from the SICCI SSM/I dataset, valid for 1995-
11-15

Tonboe et al., The Cryosphere Discussions, 2016 19 S@



NSQ\SA

Ice concentration

Relative uncertaint

NASA T TEEI

e [terative algorthm — converges
{0 a solution consistent with
radiative transter model

e Uncertainty based on
concentration variation as
teration converges

e Not yet operational

IC (%)

Pl

lteration >

Brucker et al., IEEE TGRS, 2014




Concentration uncertanties

o Al three methods are relative uncertainties
o Need 1o be calibrated to optan apsolute uncertainties

* Biases in concentration are a significant part of uncertainty
N some condiions (e.g., melt)

e \What should ice concentration indicate”?

—_—_—m)
Time (melting)

True SIC = 1.0 _ True SIC = 1.0 ~ True SIC=1.0 ° True SIC = 0.4
Pmw SIC = 1.0 | Pnw SIC = 0.8 | Pmw SIC = 0.4 | Pmw SIC = 0.4

True SIC = SIC defining the ocean/atm heat-flux exchange T. Lavergne, OS| SAF
Pmw SIC = "emitted" SIC (amount of water inside FoV)

N@Q\sm Figure from ESA CCI Product User Guide, Version 2




Sea Ice exieNmEshs arca

—xtent less affected by biases @ Opservaions
([Simple ice/no-ice)
But extent can be ampiguous Extent =200 kur
Use of sea ice data to compare to |t
models is Not straightiorward

Extent = 300 kim?

Agreement between models and
observations varies depending on
model and dataset (Notz et 4.,
2014

(c) Model 2 _
Area = 90 km?

--

Extent = 100 km?

100 km? grid box counted for extent

- 100 km? grid box not counted for extent

|:| Sea ice

15% concentration threshold for extent

A
Notz et al., The Cryosphere, 2014 o gﬁl



—uture of Passive VICmMe /2 -3 [ce

DMSP F15 1999 Yes — some degraded performance
DMSP F16 2003 Yes — early calibration issues
DMSP F17 2006 Yes

DMSP F18 2009 Yes

DMSP F19 2014 No — failed Feb2016

DMSP F20 Cancelled!

JAXA AMSR-E 2002 No — failed Oct 2011

JAXA AMSR2 2012 Yes

JAXA AMSR3&4 Cancelled!

JAXA AMSR Follow-on?  779?

EUMETSAT Metop SG-B  End 20227

AMSR?Z is currently the only PM sensor operating within its nominal mission lifetime

. B
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Median & IQR of July predictions with observed September means, 2008-2014
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(Todp) multimodel ensemble for Sep 2014 ice edge
and observed extent (black line); [Bottom] median
and interquartile range of July predictions compared
with observed mean September extent, 2008-2014

Figure from Stroeve et al., Eos, 2015

Se4q Ice Prediction Network

U.S. supported project (NSF, ONR,
DOE, NASA): http://www.arcus.org/sion
~OCUS 0N seasonal sea ice prediction

— Sealce Outlook: http:/Awww.arcus.org/
sion/seaiceoutlook

— Framework for model intercomparison
and evaluation

— Provide resource for observations to
Nitialize and validate models: http://

nsidc.org/data/sipn/

— Design metrics to assess model
oerformance

Colaporation with other prediction efforts
— WOCRP Polar Climate Predictability
nitiative
— WMO Polar Prediction Project
— Year of Polar Prediction (YOPP)

. &



—ocdDack

i w BN

Jncertainty estimates needed
Timely data needed for model initialization
— Especialy sea ice thickness

Congruence between observation and mode
parameter (e.g., mean thickness vs. thickness

distribution)

Many modelers want swath data, not gridded data
that has traditionally been produceo

Higher resolution, especia
IMS/MASIE)

v for operational models

- 9




Seg lce T hNIERNESS

[ ] G WOS&T s 2 Latest Skm Grid of 28-day Thickness : 6/3/16 - 2/4/16 (i ) -
— Uncertainties not included o Vg,

— 28-day composite for complete
coverage

— Raw swath data not avalable

— Potential blases due to denstty
assumptions, snow deptn
(Zygmuntowska et al., 2014

e |cebrnadge

— Limited spatial coverage and N N i
fime period - LA

— 06-8 week lag (ok for seasonéal
outlooks”?)

N<Q\5{‘ UCL CPOM, http://www.cpom.ucl.ac.uk/csopr/seaice.html 26 @



ce INICKNess

EASE-Grid Sea Ice Age

Week 11 of 2016

NQQ{\ Ice Age from M. Tschudi et al., NSIDC, http://nsidc.org/data/nsidc-0611
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CIC sea lece Working Group

ASPeCt ship olbs
— Adapted from Antarctic protocols: added
features unigue to Arctic
ASSIS T/lceVVatch

— Software to record ship observations of ice per
ASPeCt protocols

— Data entered and saved in a consistent format
— Needs permanent archive location (currently at
UAF, hittp://icewatch.gina.alaska.edu)
Sea ice/cryospheric flagship olbservations in
the Arctic

— (Goalis to help standardize and integrate sea ice
observations at existing sites (Barrow, Tiksi, Ny
Alesund, CHARS, Cape Baranov. etc.)

— Potential coordination with Global Cryosphere
Watch (CryoNet)

18 €D
0 ©

(25 ]
w31 &
wun €

Observed Sea Ice Type

6oob

ASPeCt = Antarctic Sea Ice Processes and Climate
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CIC Emerging Activity

Sea lce Biogeochemistry Forum

— Follow on from Blogeochnemical exchange
Processes at Sea lce Interfaces (BEPSI)

— Joint SOLAS-UIG forum

— Focus on collaboration among relevant projects/
groups and avoiding redundancies

— Connect to stakeholders (Arctic communities,
piodiversity conservation programs)




Other CICTARINIECS

Nultidisciplinary drifting Obsenvatory for the Study of Arctic
Clmate (MOSAIC)

— Now 20719-2020, AW Polarstem icabreaker

Arctic Freshwater Synthesis — completed, six manuscripts
accepted/published in JGR

ESM-SnowMIP = improve snow In Earth System Models;
also several actvities related to snow obsenvations

Polar Coordinated Regional Downscaling Experiment (Polar
CORDEX) — RCM comparisons

Permafrost Carbon Network

Linkages between Arctic Climate Change and Mid-Latitude
VWeather

.






