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Introduction

● Reanalyses products are too coarse to be used as direct input to snow model

● MicroMet-SnowModel (Liston et al. 2006) can be useful to downscale reanalysis data and 

simulate SWE distribution (e.g. Andes: Mernild et al. 2017; Atlas: Baba et al. 2018)

● Assimilation of remote sensing snow cover area can correct biais (Andreadis & Lettenmeier 

2006)
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General presentation of the esp

Data Assimilation

Snow cover area data 
assimilation (Particle 

Batch Smoother)

SnowModel

MicroMet, EnBal, 
SnowPack, 

SnowTran-3D

Preprocessing for 
SnowModel

Downloading ERA5, 
data preparation

Input data

DEM, Period,
Reanalysis, 

Perturbations

1



Tuolumne (USA) ASO HS 
(2012-2019)
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Tuolumne (USA) ASO HS 
(2012-2019)A

Evaluation
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Bassiès (France) Pléiades 
HS (2015-2020)

B



Evaluation in Tuolumne (1200 km2)2a
RMSE=0.11 RMSE=0.12 RMSE=0.09 RMSE=0.09

RMSE=0.20 RMSE=0.23

*OL = Open loop

*



Evaluation in Bassies (14 km2)2B
Pléiade Observations HS 

(C. Deschamps-Berger et al.)

https://doi.org/10.5194/tc-14-2925-2020


Ensemble run in Bassies (14 km2)2B
Perturbation : 

precipitations only



Data assimilation in Bassies (14 km2)2B

Data Assimilation
of MODIS snow cover area

with a Particle Batch Smoother

SCF



Data assimilation in Bassies (14 km2)2B



● The advent of reanalyses is a game changer in environmental science
● The ESP provides an easy way to compute snow cover with reanalyses
● Possibility to run ensemble simulations by perturbing precip & T°C
● Possibility to assimilate other snow cover area products (Sentinel-2)
● DATA assimilation available, still under evaluation

Conclusion3
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Snowtran 3D
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T0= Tstn- Γ(z0-zstn) 

T = T0 - Γ(z-z0) 

Temperature

Tstn/0 : observed/sea level temperature

zstn/0 : observed/sea level elevation

Γ: lapse rate

Micromet
Distribution of the 

meteorological variables 
across given landscape by 
spatially interpolating data 
and physical sub-models 

improvements

SnowModel Modules

Spatial interpolation 

(Barnes 1964)

A.



P = P0 [                     ]

Precipitations

P0 : sea level precipitations

z  ./0 : DEM/sea level elevation

χ: precipitations adjustment 
factor

1 + χ(z - z0)

1 - χ(z - z0)
Micromet

Distribution of the 
meteorological variables 

across given landscape by 
spatially interpolating data 
and physical sub-models 

improvements

SnowModel ModulesA.



Micromet
Distribution of the 

meteorological variables 
across given landscape by 
spatially interpolating data 
and physical sub-models 

improvements

Spatial interpolation (Barnes 1994):
A Gaussian distance-dependent weighting function

w = exp(          )
r²

f(dn)

2nd pass 

SnowModel ModulesA.



Relative Humidity to dewpoint temperature

Td,0= Td,stn- Γd (z0-zstn) 

Td = Td,0 - Γd(z-z0) 

Td,stn/0 : observed/sea level dewpoint    
temperature
zstn/0 : observed/sea level elevation
Γd:  dewpoint lapse rate

Spatial interpolation 
(Barnes 1964)

30 km

100 m
Sea level

100 m
Actual elevation

es = a exp(            ) 30 kmb.T°C

c + T°C

e =        x es
RH
100

    Td, stn =              
c.ln(e/a)

b - ln(e/a)

30 km

       Γd = λ .             c
b

λ Depends 
on the 
month

%

SnowModel Modules - MicroMetA.



Wind speed and direction

u = -Wstnsin(ϴstn)
v = -Wstncos(ϴstn) 30 km

W = (u² + v²) (½)

ϴ =          - tan-1(         )             

≋

Spatial interpolation 
(Barnes 1964)

100 m

v
u

3π
2

100 m

Terrain 
slope : β

Terrain slope 
azimuth : ξ

Curvature 
: Ωc

Slope in wind direction: Ωs = βcos(ϴ-ξ)

Wind weight factor : WW = 1+γs Ωs +γc Ωc

Terrain wind speed : Wt = WW.W

Diverting factor : 

ϴd = -0.5Ωs sin[2(ξ-ϴ)]

Terrain wind dir : ϴt = ϴ + ϴd

A. SnowModel Modules - MicroMet



⇝

↝

⇝⇝ Solar Radiation

↝↝ Longwave Radiation

Pa

Surface pressure

p = p0 exp(-        )
z

Hatm

Qsi = S*(Ψdir cosi + Ψdif cosZ)

● Z : day, latitude, hour
● i : slope, slope azimuth, Z
● Ψ : Z, cloud fraction (T°C & Td )

Qli = εσT4

● ε : elevation, cloud fraction, T°C

● σ : constante

A. SnowModel Modules - MicroMet



Mode=1.05
Median=1.65
Mean=2.58

Density function for the log-normale perturbation with μ=0.5 and CV=0.75

Preprocessings : PerturbationsA.

Pnew =  b*PERA 

All the precipitations are multiplied with the same 
b coefficient for one year and one particule:

When launching the pipeline, the user 
chooses μ and CV=eσ-1 (variation coefficient)

 

b ~ LN(μ,σ)



ERA5 precipitations at one random time

Perturbed ERA5 precipitations at the 
same time (b=2.58)

m

m

Preprocessings : PerturbationsA.

Pnew =  b*PERA 

All the precipitations are multiplied with the same 
b coefficient for one year and one particule:

When launching the pipeline, the user 
chooses μ and CV=eσ-1 (variation coefficient)

 

b ~ LN(μ,σ)



Anterior: Y-
j= SWEj

- with wj
- = 1/N

Posterior :  Y+
j = Y-

j= SWEj
- 

with wj
+ =     pV(Z-Mj

-)
c0

N

 1 ensemble : j=1,...,N
Y : matrix of the 
measurements of the 
whole season

   The pbs filter in the espA.

Data assimilation
Introducing a particle filter 
(PBS) with MODIS surface 

cover



   Data assimilationA.

Data assimilation
Introducing a particle filter 
(PBS) with MODIS surface 

cover


