\\“é Cal/Val Plan of Cryosphere Group

Targets (Geophysical parameters)
T1. Snow grain size (CTSK2b1l)
T2. Snow impurities (CTSK2b1)
T3. Snow and sea ice extent (CTSK1)
T4. Detection of cloud over snow and ice (CTSK1)

Works
W1. Snow pit work (vertical profiles of show parameters)
W?2. Spectral measurements of snow and ice optical properties
(radiance, flux, BRDF albedo and emissivity)
W3. Reanalysis of AMSS (Airborne Multiple Spectral Scanner) data
W4. Recd vethe MODIS and GLI 250m data in Antarctica
W5. Comparison with the other products and sensors (ENVISAT etc.)



Effective snow grain size and impurities retrieved
with MODIS data (June 19, 2000)

in ! uritie

Effective snow‘g ain radius (Um) Concentration of Impurities (ppmw)




Val/Cal experiment

Measurement Parameter

Instrument

(In situ / Optical method)

Spectral albedo  Upward and Downward flux
Spectral BRDF Radiance

Emissivity Brightness temperature
Radiation budget SW up/down, LW up/down

Spectrometer (0.35 - 2.5 um)
Spectrometer (0.35 - 2.5 um)
Sky radiometer

FTIR(2-5, 8 -14 um)
Pyranometer, Pyrgeometer

(In situ / Glaciological method)

Microphotograph Size distribution of snow grains
Snow pit work Snow temperature, snow density,
Snow layer structure,
Snow grain size and snow type
Snow sampling -> Laboratory measurement

Macro camera
Snow pit work tools

(Laboratory / for snow impurities)

Filtering -> Weight measurement
Weight Mass fraction of impurities
Electron micrograph Size distribution
Transmittance and reflectance of sample filter
Refractive index

Filtering tools
Valance
Electron micrograph

Spectrometer (0.35 - 2.5 um)




FeldSpec FR

® Spectral BRDF and albedo
O\ = 0.35-2.5 um

O®AA =10 nm

Snow pit work
®Snow grain size
® | mpurities, etc
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Measurement of snow emissivity in thethermal IR
using ¢ FT-IR on the snow field

FT-IR and Saroma lagoon

Gt \
N
Saroma lagoon

FT-IR Specification

Micro FT-IR Spectrometer
(Designs and Prototypes, Ltd.)

Model: 102FW

Range: 2~14u m (InSb/MCT)
Resolution: 4, 8, 16 cm~1
Scanrate: 1 scan/sec.

FOV.: 0.016 sr

Weignht: 6.8 kg



An example of FT-IR measurements
~ SAROMA field experiments in 2000~

Simulation M easur ement
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Figure 6. Simulated directional-hemispherical reflectance Wavelength (micro meter)

for grain size r _ =200y m at viewing angles 0 y between 5

eff Figure 5. Directional emissivity of snow surface at various viewing

and 83° . angles (0 v). “Ts” in legend indicates the adjusted snow surface
temperature used in the calculation of emissivity (see text).



Albedo

Radiation budget and snow pit work
observations at Kitami in 1999/2000 winter

Albedo increases with snowfall and decreases with the time after
snowfall. Albedo reduction in the near infrared region is more
sensitive than that in visible region.
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Effects of snow grain size
and impurities on albedo

Near infrared albedo depends on
snow grain size.

Visible albedo depends on snow
Impurities. Internal mixtureis
effective for albedo reduction than
external mixture.

Snow surface albedo

Snow surface albedo
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Near infrared region:

Near infrared albedo depends
on the snow grain size. Snow
grain sizeisincreased by the
"sintering" phenomenon after
snowfall.

Visibleregion:

Visible albedo depends on the
snow impurities. The source
of snow impurities would be
the atmospheric aerosols.
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Validation sites
S1. Eastern Hokkaido for T1, T2, T3 and T4
S2. Barrow and Fairbanks, Alaska for T1, T2 and T3

S3. Antarcticafor T1, T3 and T4 (Base station = Syowa)
T1. Snow grain size (CTSK2b1)

T2. Snow impurities (CTSK2b1)

T3. Snow and sea ice extent (CTSK1)

T4. Detection of cloud over snow and ice (CTSK1)

Schedule
2002 2003 2004 2005

Site & Targets 112 3/4/5/6/ 78910111212 3 4/5/6 78 91011121|2 3|4(5/6 78 9/1011121|2 3/4/5/6/ 78 9101112
ADEOS-II launch A
Lake Saroma, Hokkald{] N N []

Targets: T1. & T2. 1 week with US scjentists
Barrow, Faribanks: Alaska ] []

Targets: T1. ,T2. & T3. 1 manth
Antarctica

Short trifear Syowa s$tation

Long trgn way to Dome 1 manths

Targets: T1., T3. & T4, 2 months



Snow impurities (ppmw)
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@® Snow grain size decreases with time,

while, impurities do not depend on time

after snowfall.
® Concentration of impuritiesis higher at

snow surface than those at deeper layers.

=> This suggests the dry deposition of
atmospheric aerosols on snow surface.

Snow grain size (d2: pm)
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Feedback effect on
snow albedo reduction

Snow pollution by impurities

Visible albedo reduction

| ncrease of solar radiation

absorbed by snow
I

Acceleration of melting and
sintering of snow grains

Increase of snow grain size

Near infrared albedo reduction

Snow surface albedo

Snow surface albedo
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For the Improvement of |land process in GCM

Snow albedo could be simulated by snow grain size and impurities.
Snow albedo depends on the wavelength and layer structure.

® Snow grain sizeis simulated by land process model such as
"Crocus Model".

® Snow impurities are estimated by the deposition process of
atmospheric aerosols on snow surface. — Atmospheric aerosols
need to be ssimulated accurately in GCM.

® Three snow layers and two wavelength regions in the shortwave
are necessary.

® Accurate snowfall and cloud amount are important.
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Feld Campaign on February 5-9, 2001 in Hokkaido

®Cold (-10°C) and
enough snow (>40cm) Sea of Okhotsk '
’ Homogeneous Sea ICG Notoro Lagoon
(Saroma) Saroma Lagoon ;ite A 5

® AMSS (Airborne coash
Multiple Spectral Scanner) | .Lake Abashiri
®FieldSpec FR (A = 0.35- wrtam

2.5 um, BRDF, albedo)  [[«7si= |1 g
’FTI R ()\ B 2_14 um’ f° @La\ke M@shu
eml SS' Vl ty) o4 Hokkaido ek A%a(nAl\th ;)Of\nkan

® Snow pit work LA a0 | At Me-Akar

(grain size and impurities)



—
()

snow depth (cm)

]
(]
[} |

41

Snow pit work result
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February 9, 2001 / Site B
Observed at 09:00- 10:30 LT
Mew showfall: Feb. 8 = 2 ¢cm

Snow types:

NS: New snow

S1: Fine-grained old snow
H1: Faceted crystals

H2: Depth hoar

IL: Ice layer

Snow grain size
d,

d,

d;

Crystal full size = 200-2000 pum, Branch width = 60-350 um,
Crystal thickness = 20-40 um for dendrites at snow surface



Micrographs of snow crystals taken on Februar},f 9, 2001 at site B
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