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1. Background

Arctic sea ice change from NASA




Arctic vs Antarctic sea ice
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Spatial scale of sea ice
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Research on sea ice spans several orders of magnitude, from the molecular and microscopic level to satellite
images taken from space.

Shown from right to left are diatoms, a diatom chain in a brine pocket, cast of brine channel system, sea ice floe
tainted brown by diatoms, pancake ice, the ice breaker in a pack ice field and satellite image of Antarctic sea ice.
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Method: Field observations
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Method: Remote sensing

Passive microwave RS

Synthetic Aperture Radar RS Visible light RS

V Low resolution

V High resolution
V High cost

Ice thickness

U Ice drift velocity

V Long time series
U Ice concentration
U Thin ice thickness

V Moderate resolution
V Weather affect

U Ice concentration

U Surface melt pond
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Air-ice-ocean interactions in numerical models
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Field observations on sea I¢

Airborne photography
Shipborne observations
lce physics observations
Melt pond observations

lce mechanical observations



2. Airborne photography
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Exa m ple 1' Floe size distribution in MiZ
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Aerial photographs of sea ice in the MIZ. The areas of interest are the squares in the two merged
transects of the MIZ near the Zhongshan Station, Antarctica

Lu and Li, et al. 2008. JGR



(a) Original image (b) Thresholding

(e) Coreimage (f) Over seg modification (g) Edge repair (h) Border clear

Image processing steps to obtain floe size distribution
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Floe size distribution in the marginal ice zone

? In each AOI, the minimum size of ice floe is basically the same, but the
maximum size increases with the distance from open water.

? The cumulative frequency distribution function shows a regular deviation from

open water to continuous ice layers.
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Zonal Structure of the MIZ revealed by a multiple comparison procedure

? Wave energy in the edge zone is large, the sea ice is broken strongly, and the size
Is small.

? The wave energy in the transition zone has been greatly consumed, and the size is
moderate. Ice friction becomes an important factor.

? Most of the wave energy within the internal band has dissipated completely, @
leaving behind long-period waves. Large sea ice size.



Example 2 Arctic sea ice distribution

-

(a)-17-August,’113m - - (b)18-August,72m- - (d)20-August, 94m .

(e)30-August,”7lm- - - (f):31-August,25m- - - (g)4-September, 123m - (h)-5-September,62m .

+

Aerial sea ice photographs selected from each flight during CHINARE2008. Capture dates and
altitudes are assigned for each photo.

Lu and Li, et al. 2010. RSE :



water pond
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Image processing for photos with melt ponds on ice surface
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Area fractions of water, pond, and ice along the aerial survey flight path during
CHINARE2008. The x -axis refers to the total distance of each flight
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Areal fraction

Aredl fraction
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The average ice concentration derived from the aerial images for each flight and the

corresponding AMSR-E/ASI ice concentration at the same locations in 2007 and 2008.
Note that the Arctic sea ice extent has a record low in summer of 2007 before 201
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The observation system during
navigation onboard R/V Xuelong
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Sea ice thickness video monitoring system during navigation




Example 3
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Digital camera with GPS
Altitude: 36m
Slope: 27
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Lu and Li. 2010. IEEE TGRS
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The distribution of sea ice concentration (cglored Boirvits)gdegroived from shipborne photographic
observation along the cruise track (black line) in CHINARE -2016 (a) with photographs of typical ice
conditions and corresponding locations (b7 f).

Wang and Lu, et al, 2019. Remote Sensing
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Comparison between passive microwave
(PM) sea ice concentration (SIC) and
moving average (MA) photographic
observation (P-OBS) SIC along the cruise
path for each algorithm (ai d). The orange
columns represent the regions with a large
difference between PM SIC and MA ROBS
SIC, and R denotes the spatial resolution.

R = 3.125 km (a),

R = 6.25 km (b),
R =12.5km (c), and
R =25 km (d).

The orange display indicates
areas with significant
differences, while the on-site
display shows large open
water areas.
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Ice core drilling Ice core temperature

lce sample Ice density measurement
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Polarized Natural Polarized Natural

Horizontal Vert_ical
profile at profile at
5cm 0~5cm
Horizontal Vert_ical
profile at profile at
80 cm 80~85 cm

Ice crystal structure observation buring CHINARE-2018



Sea Ice microstructure

Sea ice = ice crystal + air bubbles + brine pockets +crystallized salt +

microorganism + Other im UV 3




Exam pie O: Ice cores in CHINARE 2008-2018

U The rapid decay Arctic sea ice in summer have become a fact. However, it is
still unclear how the physics of Arctic summer sea ice respond.

U Most numerical models are still based on physical observations of sea ice
from many years ago, and our knowledge needs to be updated.

U Physical observations on Arctic sea ice from 2008 to 2018 can help improve

the accuracy of sea ice model forecasting.
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Sea ice physics
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Gas bubbles in sea ice

Gas volume fraction (%) Gas volumc fraction (%)
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Brine pockets in sea Ice
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Arctic sea ice is fully permeable in summer



Sea ice porosity

Porosity = V, + V,
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Changes in sea ice porosity during 20085 2018



Is there any effects of such changes
INn sea ice microstructure?




Sea ice physicsI(
/s/]) are the
basis for all other
propertieg
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Inherent optical properties of seadtée
From constants to variables of microstructure

Scattering coefficient of sea ice
“i 0 0 aQa “i0 0 @)l “i0 0

Absorption coefficient of sea ice

~

it 1 1 Qo “I10 0 aQa“i v U

Asymmetric factor of scattering

“Q " “Q ” “Q ”
B ”

A Subscripts x i-ice a-air b-brine p-particle
A Gas bubbles x V_ X volume fraction  r_x bubble radius
A Brine pockets x  V,X volume fraction  1.x pocket length

A Particle impurity ¥ M, mX concentration  r, X particle size

Yu et al., 2022. Frontiers in Marine Science.



|OP variations along depth
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Changes in IOP

A Changes with year
lincreases in top layer (TL)
ldecreases in internal layer (IL)
Scattering Absorption Asymmetric )
coefficient coefficient factor Edecreases in TL and IL
g keeps steady in TL

g increases in IL

A Changes with latitude
No changes in TL

Eincrease in IL

g decreases in IL @



