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# Part I: Snow Product Analysis in China
= Why Snow - a potentially sensitive factor of climate change - debate
= Need more accuracy snow products, methods?

# Part II: Passive Microwave remote sensing of snow
= Snow emission model — understanding the snow emission...
= Nowadays, the operational algorithm — Gradient (36/18GHz)
= Shallow snow situation in China

# Part II: Possibility analysis of the high frequencies
in the shallow snow retrieval

= Comparison: In-situ snow depth and SMMR, SMM/I, and AMSR-E
emission signal

m Possible algorithm development with high frequencies and analysis
# Conclusion




Why Snow?

Cryosphere-Climate Interactions
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-List in upper boxes indicate important _state variables

-Lists in lower boxes indicate important processes involved in interactions.

-Arrows indicate direct interactions
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Snow, climate and water cy
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Snow - a potentially sensitive factor of climate change
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# Snow — very important
» IPCC AR4(2007): Continental-scale snow cover extent (SCE) is a
potentially sensitive indicator of climate change.
m (Foster et al. 1982; Namias 1985; Gleick, 1987) said: Snow is not only a
sensitive indicator of climate change, but makes feedbacks to it.

= Snow has been proposed as a useful indicator in testing and monitoring
global climate change (Robinson et al. 1990).

# Works support IPCC-AR4?
Nine GCM model:
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Will Climate Change Affect Snow Cover Over North America?

D,
|

Fractional Coverage (Extant’24709000)

@ North American snow models miss the mark —
observed trend opposite of the predictions

the latest 22-year trend for Winter (Dec, Jan, Feb) in the
Northern Hemisphere invalidates the CMIP3 modeling of snow
extent as presented by Frei and Gong in 2005.
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Snow Cover Distribution, Variability, and Response to Climate Change
in Western China

N

" @ Data : SMMR-SD, NOAA-SCA QIN DAHE, 2006

= Results show that western China did not experience a continual
decrease in snow cover during the great warming period of the
1980s and 1990s. The positive trend of the western China snow
cover is consistent with increasing snowfall, but is in contradiction
to regional warming.

Potential impact of climate change on snow cover area in
the Tarim River basin Xu Changchun, 2007

# Data: 1982-2001, station data

= The SCA of the entire basin showed a slowly increasing trend.

= Correlation analysis implied that the SCA change in the cold
season was positively correlated with the contemporary
precipitation change, but had no strong correlation with the
contemporary temperature change.
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China — decreasing SCA/SWE over Tibet




NOAA IMS
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The NOAA IMS show totally different

We get: Trend with above two products

v'Different product provide different view on the snow factor
v'The SCA from Rugter is not quite right over Tibet China.
v'SWE is a quite valuable parameter for its long times series records (SMMR, SMM/I)

Need intercomparison and validation of certain snow cover products.
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More Detail over Tibet Plateau — AMSR-E SWE product and MODIS SCF @

Tibet Plateau - according to
the air pressure (<700hpa)
AMSR-E SWE
-E SWE(mm) from 2002.6 to 2010.7
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Tibet Plateau - according to
the air pressure (<700hpa)

AMSR-E SCA

Trend of snow cover area (squa. km) from 2002.6 to 2010.7
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MODIS SCF - SCA
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MODIS SCF - SCA
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We get: @
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# Qver Tibet Plateau

= AMSR-E and MODIS data show the increasing trend on SWE and SCA
from the nowadays satellite data.

= AMSR-E SWE and SCA are typically increasing in the summer time and
decreasing in the winter time

= MODIS SCA shows a increasing trend over the relative permanent snow
cover area and only the SCF is less than 10% are quickly decreasing

# That indicates,

= Snow cover over Plateau is quite different with other place over Northern
Hemisphere

= Need accuracy estimation of the snow cover parameters for a long time
to convince the trend analysis to corresponding the global environment
change

Need More accurate snow data —
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Research on snow and climate change @

N

L

To evaluate how a warmer climate is likely to alter the
SNOW cover

s Observation - measurement
+ QIN DAHE,2006, Xu Changchun,2007:
+ NSIDC etc...

s Computer-generated simulations
+ GCM snow product (Foster, 1996, Gong et al. 2004)

» Steve Vavrus (2007) simulate the influence of snow in climate
system

+ Mellander et al. 2005: physically based Soil-Vegetation-
Atmosphere Transfer model - reproduced the variability in snow
depths by different environment.

‘ LI
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Measurement methods——EO for show cover @
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# In situ measurements

= Snow depth (Point- and line-measurement: snow stakes,
snow ruler, Ultrasonic ranging device)

= Snow water equivalent (SWE) (Snow course)

# Satellite measurements

» Stated GCOS requirements for SWE include daily global
satellite coverage at 25 km resolution—— satellite can...

= Optical remote sensing — cloud influence, only the SCA

= Microwave remote sensing - all weather, SCA, SWE/Snow
depth
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Passive Microwave remote sensing of show @
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For dry snow

# Snow emission model — understanding the snow
microwave emission

v'Snow Temperature Profile
v'Snow grain size profile
v'Snow density profile
v'Snow depth (SD)
v'Interface roughness

DMRT - theoretical...
MELMES — multi-layer model

HUT Snow Emission Model
+ — 2010 now extent to multilayer modal

24t Sep. 2010
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Passive Microwave remote sensing of snow @2
p
\V
# Algorithms
= Basically, base on the satellite brightness temperature (TB) difference between
36GHz and 18GHz
= Goodison & Walker,1995:SMMR & SSM/I, TB(19V-37V)
= Goita et al.,1997: forest area TB(19V-37V)
= Kelly,Chang,Foster,& Hall,2001: second order of TB(19V-37V)
= Pulliainen, & Hallikainen,2001, iteration algorithm (match)
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Shallow snow situation in China — western China, especially the Tibet area
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Shallow snow situation in China — western China
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Possibility analysis of the high frequencies in the shallow
snow retrieval
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- AMSR-E emission signal

Comparison: In-situ snow depth and SMMR, SMM/1, and @
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Snow depth (cm) and AMSR-E TBs (2009~2010)

2010 ABCC Workshop -Earth 24" Sep. 2010
Observation for Global Change Ottawa, Canada

30
7y 25
20 g
2 50727 (47.17N 119.93E)
\~ ShEw o 15 & i i
30 J srowbepth| e el 1" 2 Heilongjiang
I 89V-18V A Pt Ny 410
-40 + 36V-18V N T - §
o ] L tevtony E A o 1s 5
60 —— | ' T — 0
2009-9-1 2009-11-1 2010-1-1 2010-3-1 2010-5-1
Date
104 : : ; : : : . , 30
o = 89v-18V | * Snow Depthicm) |
- . 36V-18V —_
04 x 18V-10.7V
—_— - .
< =
g -10 H
50434 50.48N 121.68E < :
Neimenggu 8 20
&) ]
M 30 4
= 30
-40 :
2009-9-1 2009-11-1 2010-1-1 2010-3-1 2010-5-1

Date

Snow Depth(cm)



2010 ABCC Workshop -Earth
Observation for Global Change Ottawa, Canada

Snow depth (cm) and AMSR-E TBs (2009~2010)
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Snow depth (cm) and AMSR-E TBs (2009~2010)
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Snow depth (cm) and SMMR TB gradient
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Snow depth (cm) and SMMR TB gradient
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Snow depth (cm) and SSM/I TB Gradient 4@;
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Snow depth and SSM/I TB Gradient
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Possible algorithm development with high frequencies and

. analysis

N

L

We simply apply the ATC Chang(1987) algorithm
SD = a* (Tb18H - Tb37H) + b

Firstly, we exam the relatively deep snow
over rich forest area.
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Possible algorithm development with high frequencies and /97
analysis -

N

1987-1991 snow depth and SMM/I Tbs, 261 samples
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Possible algorithm development with high frequencies and

analysis
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Possible algorithm development with high frequencies and
analysis

1992-1995 snow depth and SMM/I Tbs, 640 samples
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Possible algorithm development with high frequencies and
analysis

N

1992-1995 snow depth and SMM/I Tbs, 640 samples
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Possible algorithm development with high frequencies and
analysis

N

1988-1995 snow depth and SMM/I Tbs, 420 samples
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Possible algorithm development with high frequencies and /é’
analysis -

1988-1995 snow depth and SMM/I Tbs, 420 samples

TB difference(K) (85-19V)

10 - + TB difference(K) (85-19V)
04 . Linear Fit of TB difference(K)
i
107 !
20 £, R-square:0.36473
o1 N a=-19.22 b=-1.5358
| . i .
_50—- ’ H § ! i :
0] Shallow snow
-70 T T
0 1IO 1I5 2IO 2I5
Snow Depth(cm) < 104 - TB difference(K) (85-37V)
~ i . . —— Linear Fit of TB difference(K)
YO R R * | '
=S PREEEERE TS PN R
R-square: 0.07311 S S D FEE RS B
o .t ; g r
a=-12.54907 b=-0.46019 5 =1 ! i, 1 jIjjiH
£ 30 S
z ‘ - Shallow snow
-40 T T T T T T T T ' 1

0 5 10 15 20 25 T——

Snow Depth(cm) w—



2010 ABCC Workshop -Earth 24" Sep. 2010
Observation for Global Change Ottawa, Canada

Possible algorithm development with high frequencies and /
_analysis A
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Possible algorithm development with
analysis

N

1987-1995 snow depth and SMM/I
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Possible algorithm development with high frequencies and
analysis

N

L
1987-1995 snow depth and SMM/I Tbs, 1353 samples
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Conclusion and discussion @
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Snow parameter is a critical climate indicator.

Over western China, the snow products provide different trend
regionally.

The Tbs at18.7-10.7GHz are insensible to the snow evaluation
except the deep snow depth (more than 60cm).

Over relative deep snow (> 20cm) the Tbs at 36-18GHz are more
reliable than that of high frequency, while over the shallow snow
especially <15cm), the pair 36-18 Is insensitive, but the high
frequency pair (89/85-18) shows its distinct response.

Over Westrern (shallow snow situation), encourage usinﬁ the
Sgwiss)ion information at high frequency when snow depth (<
cm) .

Suggestion

= The algorithm scheme could be separated into two parts: one over
deep snow, the 36-19 gradient, while shallow using the 85/89-18Ghz.
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End
Thank you very much!
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Atmosphere influence analysis 4%70
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Atmosphere influence analysis

N

L

-80 -
-100 -

TB Difference(K)

-120
-140
-160
-180
200 4—

T
0 20

40 60 80 100 120 140 160 180 200 220 240
SWE(mm)

89.0GHz-18.7GHz

TB Difference(K)

-80

-100

# HUT snow emission model (Satellite and Ground)

-60 i

4Snow Grain Size
——0.5
——0.7
1——0.9
——1.10
——1.30
——1.50
J——1.70
——1.90

Satellite

89.0-18.7

24t Sep. 2010

Atmosphere influence

_|'Snow Grain Size
J——0.7

J——1.10

J——1.70

——0.5

——0.9

——1.30
——1.50

——1.90

™
0O 20 40 60 80 100 120 140 160 180 200 220 240

SWE(mm)



