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Snow depth observation 
at the seven Siberia AMSR2 snow depth validation site

Snow depth observation at Siberia site 1



Snow depth data has been acquired since 2002 2



Cooperation and activities 

of the Institute for Biological Problems of Cryolithozone
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Current observation situation

Cancellation of expansion plan for observation framework due to COVID-19
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2019.10-2020.5

Snow depth Snow surface temperature Soil surface temperature

2020.10-2021.5

Snow depth Snow surface temperature Soil surface temperature

5



2019.10-2020.5 2020.10-2021.5

Snow temperature gradient

𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡 =
𝑆𝑛𝑜𝑤 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 − 𝑆𝑜𝑖𝑙 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒

𝑆𝑛𝑜𝑤 𝑑𝑒𝑝𝑡ℎ
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Snow surface temp.

Snow depth

Soil surface temp.



Effectivity of the microwave radiative transfer model for snowpack on ice sheet
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López Moreno et al. (2016)

INUIT WINDSLED http://greenland.net/windsled/expedition-diary/

J. I. López Moreno, M. Olivera-Marañón, J. Zabalza, R. H. de Larramendi: Snowpack observations from a 

circumnavigation of the Greenland ice sheet (Spring 2014), CUADERNOS de INVESTIGATIÒN GEOGRÀFICA, 

Vol 42, No2, pp.369-381, 2016. 
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Study on the estimation of snow depth on the ice sheet 
using the passive microwave remote sensing

Applied research on passive microwave remote sensing



8Investigation and setting of the beginning date of snow accumulation 

based on the difference between 19 and 37 GHz(ΔTB)

0 1 2

3

4

5
6 7

8
9

10

11

1213

14

15

16

17

18

19

Qaanaaq

Gunnbjørn Fjeld

Mont Forel

Nuuk

Qaasuitsup

Qeqqata

No.2 

No.1 

2
0
1
3
/2

/4

2
0
1
3
/1

/1

2
0
1
4
/5

/2
8

S
n
o
w

 d
e
p
th

 1
2
0
c
m

2
0
1
4
/6

/7
S

n
o
w

 d
e
p
th

 1
8
0
c
m

No.1

No.2



9Assumption of snow physical parameter

Dielectric constant (Ice:εice)

Dielectric constant (Air:εair)

Snow density (ρsnow)

Frequency (f) 

Snow grain size （ｒ）

 
= =














+=

L

sl

L

sj

sjslsjsjsjslslslsl HnaKoyKoyaKoyf
KoDKe

Ko

1 1

33**3

2

4

8)()()(
)(

2



=

+=
L

sl

slsl
o Koyf

KoD

K
kKo

1

2
2 )(

)(

3

 
= =






















+++=

L

sl

L

sj

sjslsjsjsjslslslsle Hnayya
KD

K
iyf

KD

K
kK

1 1

333
32

2 8
)(3

2
1

)(

3



=

−=
L

sl

slsl KyfKD
1

)(1)(
)(3

)(
222

22

kkK

kk
Ky

sl

sl
sl

−+

−
=

Eextinction coefficient ke albedoω

Dense media radiative transfer model
（Tsang,1992）

4-stream fast radiative transfer model
（Liu,1998）

Temperature (tsnow・tsoil)

Snow depth(d)

Soil moisture (mv)

Soil density (ρsoil) 

Dielectric constant (Soil:εsoil）

積雪層

土壌層
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Brightness temparature

Current our microwave radiative transfer model

〇 Snow depth

〇 Snow layer thickness

〇 Snow temperature

〇 Snow particle size

〇 Snow density

〇 Snow wetness (=0%)

〇 Emissivity from ice sheet

3 snow layer model 

Single snow layer model 



10Investigation and assumption of snow depth variation
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11Investigation and assumption of snow layer thickness

No.1

No.2

Siberia snow observation data



12Investigation and assumption of snow temperature

No.1

No.2

Siberia snow observation data



13Investigation and assumption of snow particle size

Siberia snow observation data

Sturm, M., and C. S. Benson (1997)

𝑟 𝑡 = 𝑟∞ − 𝑟∞ − 𝑟0 𝑒−∝𝑡

3rd layer : 𝑟∞ = 2.13
2nd layer : 𝑟∞ = 1.93
1st layer : 𝑟∞ = 0.56

𝑟0 = 0.05

α= -0.0209

No.1 No.2



14Investigation and assumption of snow density

Siberia snow observation dataSnow density

Sturm, M., and C. S. Benson (1997)

ρ=ρmax-(ρmax-ρmin)×exp(-volgr×d)

ρ: Snow density

ρmax: Maximum density

ρmax: Minimum density

d : Snow days

volgr :constant

No.1 No.2



15Performance validation of RTM based on the brightness temperature
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Agricultural drought assessment over West Africa using the 
Coupled Land and Vegetation Data Assimilation System (CLVDAS)

Applied research on passive microwave remote sensing

Mauritania

Sahel-inland region

25°7’N, 18°7’W  25°7’N, 16°7’E  

0°30’N, 18°7’W  0°30’N, 16°7’E  

West Africa

Burkina 

Faso

Mali Chad
Niger

Nigeria

Senegal

Benin

1000km

16°N, 12°W  

10°N, 12°W  

16°N, 16°E  

10°N, 16°E  

1914 :     Widespread famine caused by drought occurred.

1968-73: One million people have died in Mauritania, Mali, 

Chad, Niger and Burkina Faso.

1982-84: Famine killed 3 million people in the Sahel region.

2017:     Drought broke out in the Sahel region, damaging 

livestock and crops

2020:     Drought caused more than 3 million people to face 

hunger in Burkina Faso.



CLVDAS [Coupled Land and Vegetation Data Assimilation System]

Land surface model

- EcoHydro-SiB -
RTM

Assimilation scheme

- Genetic Particle Filter (GPF) -
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Eco-hydrological variables

Simulation Satellite 

Microwave brightness temperature
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CLVDAS [Coupled Land and Vegetation Data Assimilation System]

Land surface model

- EcoHydro-SiB -
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variables YES

Satellite 

Assimilation scheme

- Genetic Particle Filter (GPF) -

Cost

Minimized 
cost

NO
UPDATE

Initial condition

Eco-hydrological variables
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Land surface model : Eco-HydroSiB
20

Land surface soil moisture

Precipitation

Root-zone soil moisture

Water storage in root-zone
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Eco-hydrological 

water cycle

Soil moisture profile

Evapotranspiration

Biomass 



Eco-hydrological variables 21

Land surface soil moisture content

Root-zone soil moisture content

Vegetation water content



Normalized index (NIi) based on Z-score theory 22

Land surface soil moisture content

Root-zone soil moisture content

Vegetation water content

Where, 𝑥𝑖 is the variable on an arbitrary date (i), 𝜇 and 
𝜎 are the average and standard deviation for 𝑥𝑖 on an 
arbitrary date (i).

Normalized index (NIi) based on Z-score theory 



Agriculture in West Africa

Pearl

milet

Major crop

Main crop in West Africa

Crop calendar
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Comparison result between vegetation water content in September 

and pearl millet yield
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