


Aims of the Project

B Algorithm improvement for snow/ice physical parameters such as snow grain size, snow impurity
concentration, snow/ice albedo, bare ice and dark ice extent using GCOM-C and MODIS.

B Cal/Val for snow products in Japanese snow area and polar regions including mainly Greenland Ice
Sheet.

B Application Research to improve physical processes of cryosphere using regional climate model

(NHM-SMAP) and global climate models (ESM).
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Result in FY2019
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1. Surface melting of the GrlIS in the 2019 summer
season was the second-largest since 2000. Snow
surface temperature (T,) and surface snow grain
size (R,;) derived from MODIS and SGLI in 2019
were compared with cloud masked temperature
and NIR-albedo measured with AWS at SIGMA-A
site on the ice sheet.
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Result in FY2020

1. SGLI-derived snow grain size (Rsg,) and snow surface temperature (Tsg)
were validated with the field data measured at Dome Fuji in 2018-19,
Antarctica, and Nakasatsunai, Japan 2020.

v' Ry, Ver. 2 at Dome Fuji was underestimated due to possibly the
atmospheric diamond dust or some algorithm issues (Fig.1).

v’ Some R, and Ty, at Nakasatsunai agreed well with the in-situ
measurements, whereas some Rg;, were positive-biased under a hazy
condition.

2. Monthly mean values of MODIS-derived snow grain size R, bare ice, and
dark ice extents for the Greenland Ice Sheet (GrIS) are improved by
employing an exclusive surface classification (Fig.2).

3. This improvement revealed that the albedo averaged overall GrIS highly
correlates with R, for the summer season from May to August (Fig.3).
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Surface albedo variation over the GrlS
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v" Monthly mean albedo over the GrlS calculated from Moderate resolution Imaging Spectroradiomete“f'oztlr\]/IODIS) snow
product™ (Hall et al., 1995) decreased with a statistically significant trend (p < 0.01) in linear regression for July
(trend: -0.033/decade) and Aug. (trend: -0.022/decade) from 2000 to 2012.

v" However, there are no significant|trends for the period from 2000 to 2020 in any month. This is due mainly to the
large albedo fluctuations since 2013. *1MODIS albedo product




Snow and ice albedo variation over the GrlIS

Snow and ice surface albedo

v" There are no significant interannual albedo trends (p > 0.05) of
linear regression from 2000 to 2020 for any elevation zone.
v" The slopes of linear regression in albedo variation are negative

over all elevations in July and Aug. and at h =

0-1 km from Apr.

to Aug., but positive in Sep., suggesting a possible increase in

snowfall in Sep.
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Chang rate in albedo (/decade)

Snow albedo variation over the GrlS

Snow surface albedo

v" There are no significant interannual albedo trends (p > 0.05) of
linear regression from 2000 to 2020 for any elevation zone.

v" The slopes of linear regression in albedo variation are negative
over all elevations in July and Aug. and at h = 0-1 km from Apr.
to Aug., but positive in Sep., suggesting a possible increase in
snowfall in Sep.
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MODIS-derived snow grain radius (SGR = R,,) over show-covered area
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Surface snow grain size (um)

SGR averaged over snow-covered area
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v" Increasing trend in summer
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2013.
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Bare ice extent (%)

Dark ice extent (%)

Bare ice extent (BIE) and dark ice extent (DIE) over GrlS
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SGR, BIE and DIE and their relations with albedo at different elevation zones

1200

Interannual variations
N L R I L DR M L

1000
800
600
400

SGR >3 km

200

—e— Apr. 1
—e— June ]
—e— July 1
—e— Aug. 1
_'_Sep =

1200

1000
800 |
600 |
400 F
200 |

1200

1000
800
600 F

400 |

/8
200 E

1200

1000
800 F
600
400 B
200

2005

2010
Year

2015

2020

MODIS-derived albedo MODIS-derived albedo MODIS-derived albedo

MODIS-derived albedo

. SGR vs Albedo

—e—Apr. R=0.4341
—e—May R=0.698
LY I —e—June R=0.935 ]
o ——July R=0.865 |
—e—Aug. R=0.876
0.90 |- $ —e—Sep. R=0.2284
SGR vs snow albedo 7]
o h>3km 1
& ]
085 | T, ]
e o
) -
(a4) >
0.80 1 L 1 L 1 L 1 1 1
+'\/er. R =0.770 J
L —e—May R =0.808 ]
N it
- —_— JUu = 0. -
980 | g‘{‘fu AW R-0.891]
L $ ——Sep. R=0.289 4
L R ]
I e, o
0.85 |-
L .
L % ]
080 [ (a3) 1
[ SGR vs snow albedo 2]
for 2-3 km
0.75 PRI SRS I SN T TN U U T SN T S S U S N 1
0.90 _""|""|""|""|""2_
L —e—Apr. R=0.832]
L —e—May R=0.933]
e
0.85 . T oo
[ -\g:,.\ AW R-0.833]
L . +~ ——Sep. R=0.275 4
e b 0 ]
L R Y
0.80
075 |-
0.70
0.85

&1 E
3 E
0.80 90573
91

oooo

0.75 . —e—Aug. R=0.914

es —e—Sep. R=0.786 ]

0.70 v E

0.65 ‘

0.60 3

0.55 ‘E

) ]

0.50 ESGR vs snow albedo 3

for 0-1 km o ]

(ALY SR R PN N S
200 400 600 800 1000

Snow grain radius (um)

SGR:

v’ Larger absolute
values and variations
at lower h

1 v' High correlation with

May - Aug. albedos
at any h.

BIE:
v’ Larger variations at
h =1-2 km than 0-1

o km

v" High correlation with

May - Aug. albedos.

DIE:

v’ Larger variation and
increasing rate at h =
1-2 km than 0-1 km

v" High correlation with
July - Aug. albedos.

Dark ice extent (%) Bare ice extent (%) Bare ice extent (%)

Dark ice extent (%)

10

)]

-
o

0.5

1.0

05 |

Interannual variations

'BIE1-2 km

' DIE 1-2 km

2015 2020

2010
Year

2005

0.90

BIE vs Albedo

MODIS-derived albedo

- 62)

—— Apr. R=0.317
—e—May R=0.659 ]
——June R=0.858
—e—July R=0.919
——Aug. R=0.835 7
——Sep. R=0.317 ]

BIE vs all-sfc albedo]
for 1-2 km

MODIS-derived albedo

T ]
—e— Apr. R=0.581 ]
—e— May R=0.8321]
—e—June R=0.816 ]
—e—July R=0.860
—e— Aug. R=0.669
—— Sep. R=0.666 ]
BIE vs all-sfc albedo
for 0-1 km

0.90

DIE vs Al

0.75

MODIS-derived albedo

0.70

o Apr. R=0.190
(2 _: 2y R= 0661 ]

——July R=0.792
—— Aug. R=0.845 1
——Sep. R=0.588 ]

DIE vs all-sfc albedo
for 1-2 km

0.65
0.85

0.60

MODIS-derived albedo

O
o
0
a

1 T r
—e— Apr. R=0.190
——May R=0.661 ]
—e—June R=0.584
—e—July R=0.792 3
—— Aug. R=0.845 ]
—— Sep. R=0.588 ]
DIE vs all-sfc albedo

for 0-1 km

0.5 1.0 1.5
Dark ice extent (%)



Summary in FY2021

1. nterannual and seasonal variations of snow grain radius (SGR), bare ice extent (BIE) and dark ice extent
(DIE) (called “surface physical parameters”) at different elevation zones over the Greenland Ice Sheet
since 2000 from MODIS data and their correlations to the surface albedo were analyzed.

2. A statistically significant decrease of surface albedo and an increase of those surface physical
parameters were observed from 2000 to 2012, whereas their variations have fluctuated interannually
since 2013.

3. Analyses of correlations of surface physical parameters to albedo revealed that:

v" Albedo over the snow-covered region at any elevation is controlled by the SGR and that at an elevation
lower than 2 km by the BIE and DIE,

Absolute values of SGR and their interannual variations are larger at lower elevations,

Interannual variations of BIE and DIE at h = 1-2 km are larger than 0-1 km and increased recently,
suggesting a shift of influence of warming climate to the higher elevations.

v
v

4. The positive slope of linear regression of interannual variations in albedo and the negative slopes for
SGR and BIE are found in only September, suggesting a possible increase in snowfall amount or
frequency.
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