




(Semi-Lagrangian, based on Absolute Vorticity equation) 

Russian global atmosphere model, that is used for operational forecasts in 

Hydrometcenter of  Russia

Tolstykh M., Shashkin V., et.al .Vorticity-divergence semi-Lagrangian global atmospheric model SL-AV20: dynamical core. 

- Geosci. Model Dev., 10, 1961–1983, 2017

10-days operational medium-range forecasts

0.225° in lon, 0.16°-0.24° in lat, 51 levs.

0.1˚  in lon 0.08-0.12˚ in lat 104 lev under trials

LETKF-based ensemble prediction system

0.9° in lon, 0.72° in lat, 96 levs 



10-days operational medium range forecasts

Lead Centre for Deterministic Numerical Weather Prediction (NWP) 

Verification: http://apps.ecmwf.int/wmolcdnv/

https://www.wmolc.org/home

Forecasts & verification

Subseasonal and seasonal probabilistic forecasts

WMO S2S Prediction project

1.4°x1.1°L28 currently,

0.9°x0.72°L96, by the end of  this year.

http://apps.ecmwf.int/wmolcdnv/


Volodin E.M. and Lykosov V.N. Parametrization of heat and moisture transfer in the soil-vegetation system for use in atmospheric

general circulation models: 1. Formulation and simulations based on local observational data. – Izvestiya. Atmospheric and

Oceanic Physics, 1998, vol. 34, № 4, pp. 405-416.

is used in the weather forecast system SL-AV and

INM RAS climate model (INMCM, CMIP program)
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𝑡 - time, sec; 𝑧 – depth, cm;

T — soil temperature, °С;

Wl, Wv, Wi — mass soil water content (as fractions of dry soil mass) in

liquid, gaseous (water vapor) and solid (ice) state respectively, gr/gr;

𝐶 — specific (per unit mass of dry soil) soil heat capacity, cal/(gr ∙ K);

𝜌 – density of dry soil, gr/cm3;

λ — soil heat conductivity coefficient, cal/(cm∙sec∙K);

λl, λv — liquid water and water vapor diffusion coefficients in soil,

cm2/sec;

γ — hydraulic conductivity coefficient, cm/sec;

L — specific heat of melting/freezing, cal/gr;

Fi, R, Er — the speed of freezing (melting) water, subsurface runoff and

water uptake by roots respectively, sec-1.



Atmospheric forcing for the soil model :

- precipitation

- radiation

- low level model temperature and  specific 

humidity

- low level model horizontal components of  

the wind speed

Prognostic variables of  the soil model:

- soil moisture (8 layers) 

- ice soil (8 layers)

- water vapor (8 layers) 

- soil temperature (8 layers)

- snow water equivalent

Root fractions:

[0.0412, 0.0437, 0.14, 0.28, 0.31, 0.16, 0.0196]

Depths of  soil levels: 

0, 1, 2, 6, 18, 54, 162, 486, 1458 cm

0.01 m
0.02 m

0.06 m

evapotranspiration

precipitation

melting/freezing

Wr

Travova S.V., Stepanenko V.M., et al. Quality of soil simulation by the INM

RAS-MSU soil scheme as a part of the SL-AV weather prediction model. –

Russian Meteorology and Hydrology, 2022.



Forecast step

- forecast vector of deep soil moisture [wn, wn+1] 

- forecast model operator

Analysis step

- observation vector at moment t1

(screen-level temperature and relative humidity

at grid point); 

- fist guess of screen-level temperature and 

relative humidity

- Kalman gain matrix at moment t1. 

(non-linear observation

𝐰𝑡2
𝑏 = 𝑀𝑡1 𝐰𝑡1

𝑎

- previous analysis vector [wn, wn+1]  

- observation error covariance matrix;
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- linear observation operator.

Kalman gain matrix
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- perturbation of  n-th soil layer;       

𝛿𝑤𝑛 = 𝑤𝑒𝑖𝑔ℎ𝑡𝑛 ∙ 𝑆𝑊𝐼𝑛, 𝑤𝑒𝑖𝑔ℎ𝑡𝑛+1 ∙ 𝑆𝑊𝐼𝑛+1

Using finite differences, we have: To check that these perturbations are small enough to

reproduce tangent linear behavior of the observation

operator, the Jacobians computed with positive and

negative perturbations:

It requires 4 additional model runs, that is computationally 

expensively.

The solution: using off-line land surface model for extra-runs 

with atmosphere forcing, that was got from the coupled model
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Diagnostic equations of screen-level temperature and 

relative humidity

T2M=
𝒄𝒑 𝒒𝒔 𝑻𝒔+ 𝝋𝒔−𝝋𝟐𝒎 +𝜶𝒉(𝒄𝒑 𝒒𝑳 𝑻𝑳−𝒄𝒑 𝒒𝒔 𝑻𝒔+(𝝋𝑳−𝝋𝒔))

𝒄𝒑 𝒒𝟐𝑴

𝒒𝒔 , 𝒒𝑳 , 𝒒𝟐𝑴 - specific air humidity at the surface (s) , low model level (L) 

and screen-level observation (2М);

𝑻𝒔, 𝑻𝑳 , 𝑻𝟐𝑴 - air temperature at the surface (s), low model level (L) 

and screen-level observation (2М);

φ𝒔, φ𝑳 , φ𝟐𝑴 - geopotential at the surface (s), low model level (L) 

and screen-level observation (2М);

𝒄𝒑 - specific air heat capacity at constant pressure; 

𝜶𝒉 - turbulent coefficient

𝑹𝑯𝟐𝑴 =
𝒆

𝒆𝒔𝒂𝒕
=

𝒑𝟐𝑴 𝒒𝟐𝑴 Τ𝑹𝒂 𝑹𝒗
𝒆𝒔𝒂𝒕(𝟏 + 𝒒𝟐𝑴( Τ𝑹𝒗 𝑹𝒂 − 𝟏))

𝒒𝟐𝑴 = 𝒒𝒔 + 𝜶𝒉(𝒒𝑳 − 𝒒𝒔)

We can guess from this equations: improvements of surface temperature should decrease screen-level temperature 

errors.  So, using screen-level observations for soil temperature and moisture analysis is physically justified 

Mahfouf, J.-F., et al (2009), A comparison of two off-line 

soil analysis schemes for assimilation of screen level 

observations, J. Geophys. Res., 114, D08105, 

doi:10.1029/2008JD011077



6-h forecast of 
atmosphere and soil 

states

Atmospheric forcing at each time step 

6-h forecast of T2m

and RH2m from 
+𝛅𝒘 state

6-h forecast of 
T2m and RH2m

from  -𝜹𝒘 state

6-h forecast of 
T2m and RH2m

from +𝜹𝒘 state

6-h forecast of T2m

and RH2m from        
-𝜹𝒘 state

𝐇0→1,𝑡1 𝒘𝑡0
𝑏

Initial state
𝒘𝒏 +𝛅𝒘𝒏 state

Initial state
𝒘𝒏 − 𝛅𝒘𝒏 state

Initial state
𝒘𝒏+𝟏 +𝛅𝒘𝒏+𝟏

state

Initial state
𝒘𝒏+𝟏 − 𝛅𝒘𝒏+𝟏

state

Initial state 
undisturbed
𝒘𝒏,  𝒘𝒏+𝟏

Linear observation operator

Kalman gain matrix 𝐊𝑡1

𝒘𝑡1
𝑎Analysis Forecast 𝐰𝑡2

𝑏



Offline LSM. 6 cm 18 cm 54 cm

Coupled LSM. 6 cm 18 cm 54 cm

% from SWI % from SWI % from SWI

% from SWI % from SWI
% from SWI

𝛿𝑤3 ∈ 1.6% ∙ 𝑆𝑊𝐼3, 5.0% ∙ 𝑆𝑊𝐼3 𝛿𝑤4 ∈ 1.0% ∙ 𝑆𝑊𝐼4, 6.2% ∙ 𝑆𝑊𝐼4 𝛿𝑤5 ∈ 1.3% ∙ 𝑆𝑊𝐼5, 2.0% ∙ 𝑆𝑊𝐼5

𝛿𝑤4 ∈ 2.0% ∙ 𝑆𝑊𝐼4, 3.5% ∙ 𝑆𝑊𝐼4

𝛿𝑤3 ∈ 3.0% ∙ 𝑆𝑊𝐼3, 10.0% ∙ 𝑆𝑊𝐼3 𝛿𝑤5 ∈ 1.5% ∙ 𝑆𝑊𝐼5, 2.5% ∙ 𝑆𝑊𝐼5



Soil analysis increments. “6-18 cm” vs “18-54 cm” vs “OL”

6-18 cm 18-54 cm

RMSE of screen-level forecasts SL-AV(L96 0,9°x0,72°) with soil initialization system. July 2014 

N.America
Asia
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18-54 cm18-54 cm. T2M assim

RMSE of screen-level forecasts SL-AV(L96 0,9°x0,72°) with soil initialization system. July 2014 

N.America Eur.part of  Rus Asia
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Conclusions

This research presents the soil moisture analysis system for the multilayer soil model INM RAS-MSU as

part of the global atmospheric model SL-AV. It's based on a point-wise Simplified Extended Kalman Filter

(SEKF). The analysis scheme is developed within an offline version of the land surface model for the

initialization of soil water content in numerical weather prediction model.

Validation of tangent linear hypothesis for observation and model operators shows, that from eight

evaluated layers the best results are obtained for layers with depths 6 cm, 18 cm and 54 cm.

First experiments with this system show improvements of screen-level forecasts up to 96-hours lead time

at in different regions of the world. Optimistic results of soil analysis usage for medium-range forecasts led to

long-range forecast experiments.

Flexibility of the assimilation system allows to modify it for assimilation not only moisture, but also soil

temperature. Such experiments are planned in the future.
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