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Global atmosphere model

• Dynamical core:solving 3D Reynolds-type equations 
(averaged Navier-Stokes equations) at the rotating 
sphere. 

- requires some degree of implicit time integration (can 
be a semi-implicit scheme or locally vertical solvers)

- 25-45 % of total elapsed time.

• Right hand sides (parameterizations of subgrid scale 
processes):

- usually locally 1D in vertical

- the values at gridpoint (k,i,j) depend only on the values 
from (1:Kmax,i,j)

- 55-75 % of total elapsed time



Atmospheric model schematics





Russian operational SLAV model

10-days operational medium range 
forecasts
0.1° in lon, 0.08°-0.13° in lat, 104 levels.
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SL-AV global atmosphere model     

SL-AV: Semi-Lagrangian, based on Absolute Vorticity 

equation

• Finite-difference semi-implicit semi-Lagrangian dynamical core 

(Tolstykh et al, GMD 2017). Vorticity-divergence formulation, 

unstaggered grid (Z grid), 4th order finite differences. Possibility to use 

variable resolution in latitude.  

• Many parameterizations algorithms for subgrid-scale processes 

developed by ALADIN/ALARO consortium.

• Parameterizations for shortwave and longwave radiation: 

CLIRAD SW  + RRTMG LW. 

• INM RAS- SRCC MSU multilayer soil model (Volodin, 

Lykossov, Izv. RAN 1998).



SL-AV code parallel speedup at Cray XC40 w.r.t to 

504 cores (2018 !)

.
Horizontal grid of 3024х1513 points (~13 km). 126 vertical levels



Отключение России от 
источников информации:

• Начальные и граничные условия для ICON; 
уменьшение кол-ва данных для COSMO 

• Данные по ТПО и морскому льду OSTIA

• Европейские спутники с шагом в 15 мин

• Всемирный центр зональных прогнозов 

( гражданская авиация)





Previous works on code 
optimization

• Algorithmic improvements in dynamics –
increase of  the timestep 2.3 times 

• NetCDF-based parallel I/O in the operational 
technology

• Memory access optimizations

• Single precision in data trasposition

• => 3.6 times acceleration of the forecast 
computations, 14 min per 24h forecast

• New version becomes more expensive after 
these works…



Motivation

Operational resources are limited to ~3000 processor 

cores taking into account other applications

1. New version SLAV10 with ~10 km horizontal 

resolution (3600x1946x104 grid) - needs to compute 

forecast for 24 hours preferably in 10 min.

2. Long-range ensemble prediction – extraction of 

weak signal from strong noise. Needs tuning in 

climate mode and  large ensembles. (400x250x96 

grid, ~75 km resolution)

3. Medium-range ensemble prediction system needs to 

increase the resolution to ~25 km



Profiling of SLAV10 at 2916 cores, Cray XC40
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Moving computations to single precision
real(kind=8) ::  var

becomes
real(kind=RB) ::  var

a(i) = 10.0 * b(i) + 42.0_8
becomes

a(i) = 10.0_RB * b(i) + 42.0_RB

interface func
function func_sp(a)
real(kind=4), intent(in) :: a
real(kind=4) :: func_sp
end function func_sp

function func_dp(a)
real(kind=8), intent(in) :: a
real(kind=8) :: func_dp
end function func_dp

end interface



Problems in implementation of 
single precision (Vana et al MWR 2017)

• Expressions of type a/b for small a and b

• Many limiters in the code such as 1.e-13

• Spherical trigonometry and all related 
computations cannot be moved to single 
precision.

• Some expressions involving standard functions 
(exp, log,…) need special attention

• Mixture of double and single precision 
computations adds conversion cost.



Reduction of time per time step
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Improving memory access with OpenMP 

!$omp parallel do private(ist, iend, j)
do thread_idx = 1, threads_num
ist = 1 + (NLON / threads_num) * (thread_idx-1)
iend = ist + (NLON / threads_num) – 1
do j = jbeg, jend

call calc_rhs(ist, iend, u(1,ist,j), 
v(1,ist,j),…)
end do
end do

!$omp parallel do private(ist, iend, j, 
block_idx)
do idx = 1, blocks_num * (jend – jbeg + 1)
j = jbeg + (idx – 1) / blocks_num
block_idx = mod(idx – 1, blocks_num) + 1
ist = 1 + NLON / blocks_num * (block_idx - 1)
iend = ist + NLON / blocks_num - 1
call calc_rhs(ist, iend, u(1,ist,j), 
v(1,ist,j),...)
end do

• NLON/blocks_num=16



Array localization
real (kind=RB) :: A(NLON,NLEV) 

is replaced with
real (kind=RB) :: A(NLON/blocks_num,NLEV)

time step with radiation (left) and without (right)



Current results at 2916 cores

• Earlier, increase of time from 14 to 16 min 
(output every 12hrs) as model complexity is 
increased 

• Reduction from 16 to 14 min due to single 
precision computations and memory access 
improvements.

• Further work is ongoing ( incl. FFTW instead of 
text FFTs, ..)



Conclusions

• Acceleration of   SL-AV10 code has allowed to 
offset the increase in model complexity

• Further code acceleration is needed, 
especially to launch the new ensemble 
prediction system, the work is underway



Thank you 

for 

attention!
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