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Models and Observations (Sea-Ice Example)

I Comparison between model results and observations
→ Validation of physical concepts

I History
I physical understanding of sea-ice processes was ahead of

observation technology for decades
I new remote-sensing technology now yields data which facilitate

insight in sea-ice processes (“now” - in the last few years)

I Bridging the data world and the modeling world is not trivial:
I requires parameterizations from data that match models
I scale matching: high-resolution observations — models run on

relatively low-scale grids
I spatial coverage and generalization: models cover entire ocean or

hemisphere — observation campaigns often localized
I time scale: observations happen at a short, specific time frame —

models cover decades or centuries

I Comparison can lead to
I either validation of physical concepts
I or need to include different physical concepts in sea-ice models
I sometimes different parameterizations in models are sufficient
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Topics

I Arctic sea ice coverage continues to decrease

I Change from a perennial sea-ice cover to a seasonal sea-ice
cover? (ice-free summers in the Arctic)
→ Consequences for Arctic ecology and human living, for
weather and climate everywhere

I Loss of old ice
I Need to study the more complicated processes and properties

of Arctic sea ice:
I Deformation processes
I Ridged ice (and rafted ice)
I Melt-pond formation and localization
I Relationships and interactions of the above processes

– Results from a collaborative project Parameterization of Ridges

and Other Spatial Sea-Ice Properties From Geomathematical Analysis

of Recent Observations for Improvement of the Los Alamos Sea Ice

Model, CICE
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CASIE Experiment July/Aug 2009 – Fram Strait
Characterization of Arctic Sea Ice Experiment

NASA AMES SIERRA: Ny Alesund, Svalbard (photograph by Ian Crocker)

Objective: Collection of high-resolution microtopographic and roughness
data: laser altimetry, imagery, microASAR

SIERRA UAV, NASA AMES Research Center: Matthew Fladeland and
collaborators

Experiment science: Jim Maslanik (P.I.), Ute Herzfeld (Co-I.), David
Long (Co-I.), R. Kwok (Co-I.), Ian Crocker, K. Wegrezyn

NASA IPY sea-ice roughness project: J. Maslanik, U. Herzfeld,
J. Heinrichs, D. Long, R. Kwok
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Flight tracks of the CASIE Experiment July/August 2009.

Data used here stem from flight 9 (marked blue).
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Sea Ice Types — Fram Strait, from CASIE 2009

(a) near ice edge (b) rubble – lead – floes
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Sea Ice Types — Fram Strait, from CASIE 2009

(c) refrozen lead (d) flooded floes – ridging
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Laser altimeter data, videographic data and microASAR data from CASIE
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ARL from altimetry and matching microASAR data

Segment 1 (msar104), Flight 9, 2009-07-25, CASIE 2009
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CICE-CASIE Comparison:
Ice-Surface Roughness (arl) and Percent Deformed Ice Area from Laser Altimetry

25 CICE grid nodes over sea ice; sea-ice water boundary determined using returned-signal counts
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CICE Model Runs For CASIE Flight Time (July 2009)
Deformed Ice Area Fraction

(a) Control Run

control µrdg = 5 m1/2

Cf = 10 Cf min = 10

1

(b) Sensitivity Study
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CICE-CASIE Comparison: Sensitivity Studies
Percent Deformed Ice Area from CICE and CASIE

25 CICE grid nodes over sea ice

(Herzfeld, Hunke, McDonald , Wallin, CRST, 2015)
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CICE-CASIE Comparison: Sensitivity Studies
Percent Deformed Ice Area from CICE and CASIE

25 CICE grid nodes over sea ice

(Herzfeld, Hunke, McDonald , Wallin, CRST, 2015)
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A Method for Calculation of Ridged Sea-Ice Areas from Imagery
and Comparison to Results from Sea-Ice Modeling

Ute C. Herzfeld(1,2,3), Elizabeth C. Hunke(4), Thomas Trantow(1), Gavin Medley(3,1), Lukas Goetz-Weiss(1,3) Brian McDonald(1), Bruce Wallin(1,5) (1) Department of Electrical, Computer and Energy Engineering (2) Cooperative Institute for Research in Environmental Sciences (3) Department of Applied Mathematics University of Colorado Boulder (4) T-3 Fluid Dynamics and Solid Mechanics Group, Los Alamos National Laboratory (5) now at NSIDC CESM Polar Climate Working Group — NCAR 2016-Feb 10Deformation parameters derived from suborbital remote sensing observations, compared to CICE parameters



Geostatistical Classification Parameters

significance parameters:

slope parameter:

p1 =
γmax1 − γmin1

hmin1 − hmax1

relative significance parameter:

p2 =
γmax1 − γmin1

γmax1

pond – maximum vario value

mindist – distance to first min after first max

Roughness length approximation:

arl =
1

2

√
2pond
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Geostatistical Sea-Ice Image Characterization

(a) image (b) mindist

(c) pond (d) ridges: pond filtered: 60 < pond < 200

Geostatistical Classification parameters applied to CASIE image 220090725-10-33-55-IMG-4580.jpg and

determination of ridged areas from imagery. (a) Image showing ice edge, ocean water, melt ponds, and ridged and

level ice areas. Classification parameters mindist (b), pond (c) and the pond filter used for determination of ridged

areas (d).
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CICE-CASIE Comparison:
Ridged area percentages from imagery
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CICE-CASIE Comparison:
CICE Sensitivity study with imagery analysis results
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CICE-CASIE Comparison:
Altimetry results versus imagery results
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CICE-CASIE Comparison:
CICE Sensitivity: altimetry versus imagery results
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Sea Ice Image Classification - CASIE July 2009

(a) Sea Ice Classes (b) Classification
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