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Goal
v'Development of remote sensing technique to detect qualitative
change of cryosphere, the most sensitive area for global warming.
v'To investigate the radiative properties of snow/ice surface.
v Improvement of land-surface model (LSM) in cryosphere of
GCM.

GLI Cryosphere products

v'Cloud detection over snow/ice

v'Snow/Ice extent

v'Snow surface temperature

v Two types of snow grain sizes

v"Mass concentration of snow impurities (water-insoluble solid
particles (soot-equivalence))



Principles to retrieve snow grain size and impurities

v'Near infrared albedo depends on snow grain size
v'Visible albedo depends on mass concentration of impurities
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Spectral albedos depending on (a) snow grain size and (b) impurities, where
spherical ice particles are assumed for snow grains and soot for impurities.
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Validation Experiments

Saroma Lagoon
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Validation of snow surface temperature

Snow pit work for snow surface
temperature in Barrow, Alaska
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Ground truth

v’ Satellite-derived snow surface temperature well agreed with
the ground-based measurements with RMSE= 1.1K,



Validation of snow impurities

Ground truth for mass

concentration of snow impurities
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Ch,,s=0.46pum, Chyg=0.865um

E Measured snow layer = 0-7 or 0-10cm 3
L Snow depth > 25cm

- Ch =0.46 and 0.865um
= R =0.598

E RMSE=5.1 ppm (85%)
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Ground-measured snow impurities (ppmw)

Ground truth

v’ Satellite-derived mass concentrations of snow impurities were
lower than the ground-based measurements. This is because
the snow Impurities assumed Iin the algorithm was soot,
whereas the main composition of in situ measured impurities
was mineral dust in our sites.



Validation of snow grain sizes
o» Chyig=0.46um, Chyyp=0, 865um
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v'Retrieved grain size from Ch,,s= 0.46um and Chy,z= 0.865um
comparatively agreed with ground truth data.
v'Grain size from Chyis=1.64um was smaller than those from
snow pit work, which means measured reflectance at A=1.64um
IS higher than theoretically assumed one in the algorithm.
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Sun glitter from sun crust

and some possibilities at A=1.64um
v BRDF

v'Sensor calibration

v'Validation method
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Summary (1)

v'Comparatively good agreements were obtained for satellite
derived snow surface temperature and snow grain size using
0.865um-ch. with in situ measurements.

v’ Accuracy of mass concentrations of snow impurities and snow
grain size from 1.64um-ch. was insufficient. However, their
essential information were successfully retrieved.

-> Need algorithm improvements.

v'Validations are still insufficient for all cryosphere products.
v'-> Need more validations.



Snow grain size and impurities from two-week-data
(TERRA/MODIS, Sep.27-0ct.11, 2000)
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Snow crystals at Dome-
Fuji (77° 19'S, 39° 42’E,
3810m) in Antarctica

v Snow pit works with 2-3 times
a week from Oct., ‘03 - Jan., ‘04.
v'Surface snow were covered

with diamond dust and the graln
Size increased in summer.

Dome-F Antarctica
2003 / 2004
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Satellite retrieved snow grain radius using 1.64um channel
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A (Motoyoshi et al.
2003/10/10 2006, to be submitted)

v'Snow grain size was large in summer and over plateau.
» |t would be very sensitive to global warming.



Observations for RB: Radiation Budget

o SPW: Snow Pit Work
radiation budget, snow, MNR: Multi-channel Radiometer

and aerosols OPC: Optical Particle Counter
©1999-2001 at Kitami, Hokkaido SSR: Snow-Sky Radiometer

©2001-2003 at Shinjyo, Yamagata  AWS: Automatic Weather Station
©2004-2006 at Sapporo, Hokkaido
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Snow pit work and radiation budget

— 200

T T T T T T T T T T T T
L - h &
3 (a) = Y %ow % 5 b M M MW ; # ]
L & P % - ( ) -
&
0.8 A W 1 F " On, mae v, Mol :

D r \ ‘ ] P & . * " 1 e 1 50 r—
5 : \qﬁ “o"\;q%\. u-;.-. | i ﬂ?whm w éo o, %, :

o ee o Ay @ o & =
O - Ceo® - - & ® * ea P & - &
= 0 6 “\ .. '. o - & @ - —

o 5 = L .'%‘ -1 e @ ot - P
g - * - « ] - s 8 e T

= - «® - - Kitami g ase 100 §

E @ | & @ d
B o4 2 2000/2001 “ o
T VY4 F Kitami Snow depth £ B =

3 ) 1999/2000 : [ Snow depth s 2

i Hog 3 B " C
o & o : EO O

0 2 o = - a e
. s « VIS albedo i « VIS albedo 3
L & o - * -
+ SWalbedo « SWalbedo ®
Fdllh ¢ NIR albedo s « NIR albedo
0 0 | 1 1 l L 1 | 1 1 | 1 L l 1 ] 1 1 | 1 1 | 1 1 l 1 1 | 1 0
Nov. Dec. Jan. Feb. Mar. Apr. Nov. Dec. Jan. Feb. Mar. Apr.
Date Date
a0 |t [Mewsnow [# | Rounded grains [BFaceted crystats |10 ice layer / Crust (a) o | +|Mew snow | #] Rounded grains |E|Faceted crystals |_|Ic3 layer f Crust (b)
. Eraeréliséi?:tfggnggrﬁ?es v Surface hoar Depth hoar @Granular snOwY o . Eraerg};r?:t?oj;ngaor?i?es W Surface hoar Depth hoar |E|Granular anow
++
P
70 RIH; 70
Kitami === ey ez Kitami
. E0 1998/2000 . E/+—ﬁﬁ/+ﬁ* : — E0 200042001 — nn
c — .o o = £ 1 — — +7 ]
= = A P I P ~0 EE ool L = EXTe=3 E_+ \mEAaFg E%E%Eﬁ;g +_+‘£-E
C -I--l-% 'y ) O e P R gmﬁ ++EH < 50 _Hﬁ_Eﬁﬁ'}/ S = //JJ\DKHM\_ E?E‘/
= — — +/ o= 0
% == B B L9 —joof0o— ] % —L"|m /0. |o4-0 A AMAg o
= — 7 L | oolen) [ el — T 4p _ﬁ = o/ o0|=4| oA oalaglAal , . — —
z + B i Wy oo _—__—; s ; z +e | |“olg I:I_ = 1 | | [™
L Rad i =, = | | = — |
= i& ﬁl:l-l—’ﬂa— ] e ®0oel ool | oo 0" a ] = + L/K/_Dfﬂﬁ/uzgn/ﬂuommmmm H\Dﬁmw &)
5o - e Lt == ) [ a7 e P o ) o T N o 2=
g 76 | i *og|0&|00oojon| B ++ T 1 o —
{0,000 L | |
200 T Ay Al A—ne0e D& Oa #0 ool [ __OODOOQQOQEMOOOOOO 20 “Olg oel™* D.D.IIIIIIII:D mia a7 B o Y AP P
] m:__:_:=:_:_ = seholas u{};m 11 e e e 51 S I e cear = L] |:|0_
M _iffm _AEEEEAAMMAA AAH:___::__EEEOOW = o £++++_+_+_u iEEEMM!\AE - — 1 —
/| ofaalmafaa M A =M Mgﬂf\o%__ _O_EOD_OO P o mEmﬂﬂMﬂM_M}MAG 0 e L LU L R e L VA R PR ERA PP
0 AO[AA ATATAAMAAD AN 14 "‘AEN’\N:I.'\QJ'\UE noﬂf\mmmm@_; o o[B8 Alaalialanlual  |aa] [
TA01317 2024 27 31|13 71013162024 26 31 |4 7 111418 2126 29|13 4 M 1317202427 31|33 5 7 8 212428|2 5 B 121519 222629(2 5 8 1216192326302 6 1013 023272 6 913182024 27 313
Decemhber January February March Aptl avem ber Decem ber January F ebruary March April
Date Date



1.0

Effects of snow physical ~
0.8 '
parameters on albedo . -
e impurities in U - 1 ¢m
2 086 impurities in 0 - 5 cm \
= o Impuritiesin 0 - 10 cm .
v'Measured visible and near- & , | T e ®umbetTdoudy
. . . w ' EiiE 0T : o
Infrared albedos fall within > (=30 um, 6, = 54°, clear
. . _—reﬁ=200 m,90=54°,clear |
theoretically inferred ranges L
- . =~ O 1000 um, 6. = 40°. clear 1 999/2000/2001
from snow grain size and snow e |
impurities with RTM. 1o’ 1o’ e 10°

Concentration of snow impurities (ppmw)

-> These data could be used
for validations of empirical
snow albedo model of LSM in
GCM and/or development of
physically-based snow albedo
model.

Near infrared albedo
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Satellite-retrieved snow
parameters and
validation data on the
ground

VT, and rg
v T, and c,
VI« and cg
v'Albedo and r
v'Albedo and c,

-> These data also could be
used for validations of snow
albedo models of LSM in GCM.
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Daily variations of snow

Impurities and albedo

v'"Mass concentration was low

IN accumulation season and
high in melting season.

v"Remarkable albedo reduction

was observed at heavy dust
event on 11-12 March 2004.
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Mass concentration of impurities (ppmw)

v'Even in accumulation season (high albedo period), measured
snow albedos were lower than theoretically calculated one with
‘mineral dust (MD) only’ model and fall in the range of theoretically
calculated one for ‘MD+soot (ST) 0.50 ppmw’ model.

-> This suggests the snow would be polluted with the absorptive
aerosols such as black carbon (soot).
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In-situ measured spectral
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Summary (2)

v'Radiation properties of snow/ice were clarified with validation
experiments using radiometers, spectrometers and FTIR.

v'Spatial-time variations of snow grain size in the Antarctic were
obtained.

v'Snow contamination with soot was confirmed in Japan.
- > For the northern hemisphere?

v'Those data could be used for validations of empirical snow
albedo model of LSM in GCM and/or development of physically-
based snow albedo model.
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