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Motivations

e Rapid change... sea-ice decline, amplification

* Poor model predictive capabilities

* Emerging operational/management needs

* Questions about global linkages
* Dearth of observations

Arctic Amplification

CANADgZ
ALASKA
GREENL 4,
e
&
o
Northern Se2
*Rotterdam, "
Netherlands rUSS =
Q
bY
KAZA Dalian,
i China S& .
\)
Suez P&
c\'\m 3 Q
INDIA

nasa.gov

0-1 1 u 1 1 1

1950 1960 1970 1980 1990 2000 2010

Sea Ice Extent (million km~2)

September Ice Extent
(RCP4.5)

xxxxx
INMCM4

Year

¥

B

nsidc.org

S,
ez Canal route

Indian Ocean

PSSP ISP E




Plans for an Expedition

* International: IASC, AWI, many US agencies (12 years of planning!)
* Interdisciplinary: ATMOS-ICE-OCEAN, physical-chemical-biological
* Multiscale: Point, grid-cell, pan-Arctic

* Integration: Observations and Models

* Annual Cycle: Contiguous seasons in the ice




So how did it go?

e

Let’s take the journey”



Leg 1: The Install
19 Sep 2019 - 15 Dec 2019

October 2019

* Install ship and camp / '
* Install distributed network
e Start physical sampling

e Jce thinner than expected
Dynamics early, often!
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Packed to capacity
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First exploration of MOSAIC floe

Sebastian Grote
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“Cities” on the ice
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Deploying buoys and stations

Amy Richman
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Comprehensive physical measurement and sample programs



Ice dynamics.... early and often
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Farticle Conecentration {1 cm~3)
Log Spacea

Farticle Concentration {1,/ crm3)
Log Space

Where is the Aerosol?

Remarkably low concentrations!
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Clouds
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Cloud Impacts on SEB Partitioning

Two Arctic States
1) Optically Thick:
Liquid water

clouds

2) Optically Thin:
Clear sky or ice
clouds
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» How do other energy terms respond?

» What is the effect of variable ice-snow thickness?
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JGI Project: Exploring seasonal changes in microbial community meta-genomes and -transcriptomes

Marcel Nicolaus
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Leg 3: A Long, Rapid Journey
3 Mar 2020 - 6 Jun 2020

 COVID complications

* High AO Index / Ozone Hole

* Rapid drift & lots of ice
dynamics

* Nice warm air advection

event (>YOPP)
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Arctic Oscillation (AQO)

Record High Positive Values
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Pushed by
Anomalous Winds

NCEP/NCAR Reanalysis
1000mb Vector Wind (m/s) Composite Anomaly 1981-2010 climo

NOAA Physical Sciences Laboratory

Jan to Mar: 2020
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Seasonal Ice Mass
Balance buoy data

Depth[cm]
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zone kept things on edge




Frequent adaptation of strategy

ARM Equipment | s i i

Christopher Cox ﬂ
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Leg 4: Summer Melt
6 Jun 2020 - 12 Aug 2020

* Interrupted start

* @Great melt season

* Reached the ice edge!
Rapid melt = fresh water
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MOSAIC Floe 2.0
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Lianna Nixon
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Adventures in field operations
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Leg 5: Reset for Freeze
12 Aug 2020 - 12 Oct 2020

* Relocated near North
Pole (thin ice!)

* Experienced sea ice min

Captured freeze up

21 August
20 September
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Getting ready to freeze in....

Michael Gallagher




Not a record,
but close!

Extent (Millions of square kilometers)
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Here’s the record from 2012 =

2020 was the second lowest ever!
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MOSAIC Forecast Verification

[ ] [ ] [ ]
The Multidisciplinary drifting Observatory for the Study of Arctic Climate (MOSAIC) expedition is a year-long expedition into the
Central Arctic starting in the East Siberian Sea October 2079 and ending near the Fram Strait October 2020. The primary goal of
MOSAIC is to understanding the coupled climate processes in the Central Arctic, so that they can be more accurately integrated into
regional and global climate models. This webpage provides near-real time verification of short-term Arctic system forecasts from
Norwegian, French, American, European Union, and Russian forecast systems using observations of ocean, ice, surface, and
atmosphere from the icebreaker Polarstern and the surrounding distributed network. The figures below link to webpages with
. [ . . diagnostics for 2 meter temperature, 10 meter winds, near surface stratification, surface fluxes, atmosphere and ocean vertical
Near real-time verification of
Read more about the ESRL/PSD short-term coupled Arctic forecasts.

You are free to use and distribute these images, but we request that you acknowledge PSD when you do. See the disclaimer page for

fo re C a St S information on how to cite this work. Please contact amy.solomon@noaa.gov for more information.
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Model Assessment
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By the Numbers
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Summary

»Many challenges that brought opportunities to
engage the emerging Arctic

»Thin, dynamic sea ice! We were in the middle of it.
» Tons of science! Packed in as much as possible.

»Broad participation: International, interagency,
interdisciplinary

» Capacity building: New generation trained field
scientists; new concepts for research on thin ice.




» Cloud forcing of the surface energy budget
»Dynamical drivers of ice motion

»Dynamics vs thermodynamics for sea ice forecasting
» Aerosols, sources, processes

» Precipitation and snow on sea-ice

» Cloud microphysical and radiative properties
»MODFs and YOPP model assessment

» High-resolution cloud modeling

» ABL depth calculations and assessment
» )Gl microbial meta-genomes and —transcriptomes

We are just getting started!

Esther Horvath
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www.mosaic-expedition.org  mosaic.colorado.edu
Search: MOSAIC Planetarium on YouTube

Lianna Nixon
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