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lce charting/mapping methods and data
sets

Error sources and characteristics
eConsistency and algorithm issues

IST and SST within the ice pack



T T T

LN R R B B B S B B L B B

A

\\’\i Hansbreen, Svalbard

Length (unit is 1 km)

/ 1S Paierl, Svalbard
| Storglacidren, Sweden
Engabreen, Norway

MNigardsbreen, Norway

Leirufjardarjokull, lceland

Vatnajokull, lceland
Tsoloss, Canadian Rockies

Wedgemount, Canadian Rockies

U.Grindelwald, Switzerland

Gl. d'Argentiére, France

Hintereisterner, Austria
Rhonegletscher, Switzerland

Chungpar-Tash., Karakorum
Minapin, Karakorum

Lewis Gl., Kenya

Broggi Uruashraju, Peru

Meren Gl., Irian Jaya

Pared Sur, Chile
Franz-Josef GL, New Zealand

1500

1600

1700 1800 1900 20

00 YearAD

ki
@

2

[ T
=3 E N
L " L

Q

ki
= =
L 1

EA T
Yo gy
Ty

o

— A

B4 ——— Winter (JFM}

2| e Spring (AR}
=== a Summer (JAS)

B —— Auturnn (MDY

B

Sea-ce extent (10°
o

r
=

W
REY
I
""I.'J'|I|I v h'l. 1
=
N ‘.I ]
LY i
Many
T

T T L T 1 T L 1 L
1800 1810 1820 1530 1840 18950 1860 15870 1880 1990 3000

Yaar

Fig 2.15: Time-series of annual and seasonal sea-ice
extent in the Northern Hemisphere, 1901 to 1999,
fAnnual values from Vinnikov et al, 1999b; seasonal
values updated from Chapman and Walsh, 1993 )

(IPCC, 2001)
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Ice Charting and Mapping

Ship-report compilations

elce charting with
aircraft and satellite
support

Satellite-derived
digital (algorithm)
products
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Figure 1 lMean approximate ice-edge latiude in Antarctica from 1931 to 1987. The
estimates are from a lingar model fited to whale-catch records, and are
standardized to first 10-day period of January and the longitudinal sector 20°-
A7 E. Tha year is defined by tha first decada (ten days) in January, and so, for
example, 1932 is the mid-point of the 193132 season. Tha pradictions are most
pracise at the centre-ot-mass of the data, and so the selected decade and
lengituda are based on the mean value of each factor weighted by tha number of
obsarvations at each of its lavels. The year effects are comacted for decade and
longituda, and so describe a generalized effect for the latiude of catches with
time. Tha actual pattern over time for a given sector and decade would not
necassarily comespond exactly to the pattam shown bacausea tham are likely to
ba interactions batwaaen the tactors. Howeaver, these could not ba estimated with
thi data available. The error bars reprasent + 1 standard emor.

(W. de la Mare, 1997, Nature, Vol. 389, 4)
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Summary: Sources of Differences, Errors,
Biases in Ice Reports and Charts

» Distribution of observations in time and space;
e Chart producers’ areas of interest or emphasis;
e Changes in types of data available over time;

e Changes in personnel and skill level.
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 Meteorological satéllite products (visible/thermal
band - e.g., AVHRR [1970’s - present]);

e Synthetic aperture radar (ERS-1, ERS-2, RADARSAT

[1991 - present]);
o Scatterometer (ERS, Quikscat);

» Passive microwave (ESMR, SMMR, SSM/l, AMSR,
CMIS [1974 - present])
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SSM/
(37 V. Polarization [left], 37 H. Polarization [center], normalized polarization ratio [right]
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Summary: sources of Error and B

Ppassive J\_/JijU\_/\_/EJ\_/E—’D:—)fj\_/EL Satellite Pr

contamination;
of variations in Ssnow cover;
Land contamination at coastlines;

-

» Gradual changes In atmospheric or s

conditions.




Satellite Data / Algorithm Differences
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Figure 1. Comparison of SSM/I-derived sea ice concentrations from the NASA Team (NT),

Bootstrap (BS) and the Enhanced NASA Team (NT2) sea ice algorithms at the SHEBA camp from
27 September 1997 through 29 September 1998,



Table 1. Comparison of orbital parameters for various passive microwave sensors.

Parameter Mimbus=7 DMSP DMSP DMSP AMSR
SMME F8 Fll Fl3
Mominal Altitude 955 km B60 km B30 km B350 km 703 km

Inclination Angle

99.1 degrees

O8.8 degrees

O8.8 degrees

O8.8 degrees

949 0 degrees

Orbital Period 104 minutes 102 minutes 101 minutas 102 minutes 00 minutes
Ascending Node approximately  approximately  approximately  approximately  approximately
Eguatonal Crossing 1.2:00 pom. 00 a.m. 5:00 pam. 543 pom. 1:30 p.m.

{local time)

Earth Incidence Angle

3.2 degrees

53.1 degrees

52.8 degrees

53.4 degrees

55.0 degrees

Period of Operation 100,25.1978- 07.09.1987- 2.03.1991- 05.03.1995- launch date:
08201987 2.31.1991 (K, 3001995 present December 2000
Frequencies bands 6.6 V/H 19.3 V/H 19.3 V/H 19,3 V/H 69 V/H
{GHz) 10.7 V/H 222V 222V 222V 10,7 V/H
18.0 V/H 37.0 V/H 37.0 V/H 37.0 V/H 18.7 V/H
21.0V/H 85.5 V/H 85.5 V/H 85.5 V/H 23EV/H
37.0V/H 365 V/H
503V
32E W

89.0 V/H




Differences in ice concentration (SSM/I F11 vs. SSM/l F13)
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Figure 5. Monthly spatial patterns of Sowthern Hemisphers total ice concentration differemces .



Summary: Sources of Inconsistencies Between
Passive Microwave Sensors, Platforms, and
Algorithms

e Channel selection;

* Viewing angle;

e Overpass times;

* Algorithm nature and channel suite;
e Tie point (“calibration”) selection;

e Algorithm sensitivity to sensor drift;

* Algorithm sensitivity to second-order factors.



AVHRR: July 1998
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Monthly mean AVHRR-derived all-sky skin
temperatures for areas within ranges of sea
ice concentration as estimated from SSM/I
data. Concentration ranges in percent are
listed next to the corresponding plot lines.




Summer Marginal Ice Zone Reflectance and Temperature
(EOS MODIS Imagery, 14 July 2001)

Barrow,
Alaska

Ch. 1 (650 nm) Ch. 32 (11.9 nm)
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Conclusions

Multisensor+modeling approaches likely to be

ffective for minimizing error and improving
blending of products.
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1570 1975 1980 1985 1990 1995 moo  Figure Figure 2.16: Monthly Antarctic sea-ice extent ahomalies,
2.14: Monthly Arctic sea-ice extent anomalies, 1973 to 2000, 1973 to 2000, relative to 1973 to 1996. The data are a

relative to 1973 to 1996. The data are a blend of updated Walsh  blend of National Ice Center (NIC) chartderived data
(Walsh, 1978), Goddard Space Flight Center satellite passive (Knight, 1984), Goddard Space Flight Center satellite

microwave (Scanning Multichanne! Microwave Radiometer

passive-microwave (Scanning Multichanne! Microwave

(SMMR) and Special Sensor Microwavedmager (SSMA)) derived  Radiometer (SMMR) and Special Sensor

data (Cavalieri et al, 1997) and National Centers for

Microwavedmager (SSMA) derived data (Cavalieri et al,

Environmental Frediction sateliite passive microwave derived 1997) and National Centers for Environmental Prediction
data (Grumbine, 1996). Updated digitised ice data forthe Great  satellite passive-microwave derived data (Grumbine,

Lakes are aiso inciuded (Assel 1983).

1996). It is uncertain as to whether the decrease in
interannual variability of sea ice after about 1988 is real
or an obsenving bias.

(IPCC, 2001)
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Snow and Ice conditions on
multiyear ice
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Differences in ice concentration (SSM/I F11 vs. SSM/l F13)

10.0
8.0

8.0 i
4.0
2.0
0.0
—2.0
—4.0
—&0 @
—B.0
—10.0

139-day Mean Total Ice Fractdons 139-day Mean MMl Year Ice Fractions

Figwre 3 [a] and [§]. Overall mean [139-day] spatial patterns of Horthern Hemisphers total and multiyear ice concentration differemees.
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Passive microwave radiometer

1

Four components of
brighthiess temperature:

1: sutrface emission

2 upwelling atm. radiation
3 reflected downwrelling rad.
4: reflected rad from space




Ice Concentration (%o)
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Sea 1ce concentrations from SSM/I as derived by the Bootstrap (left image), NASA
Team (center image), and Enhanced NASA Team (right image) algorithms for 14 September 1998
near the SHEBA camp.
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Table 3. Surface and atmospheric parameters for the sensitivity tests.

Parameter Range interval
Surface

Sea ice density 700 - 930 kg/m” 10 kg/m’
Salimity -16% 0.8
Cirain s1ze (- 10 mm (0.5 mm
Thickness (FY) 02-2m 10 cm
Thickness (MY) |l —-6m 10 cm
Brine angle (0 — 9" 3¢

Snow density 2200 — 5330 kg/m3 15 kg/m3
SNOw grain size () — 6 mm (0.3 mm
snow depth (FY) 0 —T0cm l cm
Snow depth (MY) 0—-"T70cm 1l cm
Free water content (FY) 0 — 407 2%
Free water content (MY) 070 % 29
Atmosphere

Ligud water path (LWP) 0 — 500 ¢/m”

Precipitable water 0—20 kg/m’ 2 kg/m”




Comparison of mean differences in sea ice extent between
SSM/l F13 and F11 (F13 minus F11).

Mean Standard | Minimum Maximum
Maonth Difference Deviation Difference Difference t-value
(km?) (km?) (km?) (km?)
Morthern Hemisphere
May | 3,080 ( 0.05%) @ 38,442 | -106,250 | 95,000 | 0.42
June | 14,208 ( 0.23%) | 72,359 | - 88,125 | 292,500 | Z.6d
July | 45,841 ( 0.91%) | 27,960 | -15,625 | 128,750 | &.16
August | 16,542 [ 0.42%) | 41,492 | -97,500 | 86,875 | 2,18
‘Septernber 23,773 ( 0,60%) | 98,137 | -199,%75 | 243,750 | 1.26
Central Arctic
May |- 1,473 (-0,03%) | 4,240 | -12,500 | 8,125 | -1.84
June | 5,687 (0.11%) | 7,657 | - 6,250 | 28,750 | 4.07
July | z3,125(0.50%) | e.s0z | 11,250 | 29,375 | 17.34
August | 16,499 [ 0.43%) | 12,353 | -5,625 | 47,500 | 7.31
‘September|- 5,069 (-0.14%) | 7,424 | -18,125 | 8,750 | -3.55
Southern Hemisphere

May | 46,340 [ 0.53%) | 72,359 | -=28,15 | 292,500 | 3.3%9
June | 79,104 ( 0.64%) | 101,096 | - 75,625 | 523,750 | 4.29
July | 6,436 (0.47%) | 84,691 | -125,000 | 284,375 | 3.87
August | 59,166 [ 0.38%) | 61,851 | - 30,625 | 224,375 | 5.24
‘September 77,500 ( 0.44%° | 49,839 | - 25,625 | 167,500 | .08







