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Résumé

• Физфак МГУ, кафедра физики моря 1997-2003
– динамические процессы в очаге цунами

• Laboratoire des Écoulements Géophysiques et Industriels, CNRS, 
Grenoble, France, postdoc 2004-2006

– ocean data assimilation

• Alfred Wegener Institut für Meereskunde, Bremerhaven, Deutschland, 
research scientist 2006-2008

– ocean data assimilation

• Université du Québec à Montréal, Montréal (Québec), research scientist 2008-2011
– coupled data assimilation

– ocean / atmospheric modelling

• Koninklijk Belgisch Instituut voor Ruimte-Aeronomie / Institut royal de l’Aéronomie
spatiale de Belgique, Brussel / Bruxelles, België / Belgique 2011-2016

– CTM

– stratospheric chemistry data assimilation

• Environnement et Changement climatique Canada / Environment and Climate
Change Canada, Montréal, Québec, research scientist 2016-present time

– coupled atmospheric-ocean-ice data assimilation
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Laboratoire des Écoulements Géophysiques et 
Industriels, CNRS, Grenoble, France, postdoc 2004-2006
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Alfred Wegener Institut für Meereskunde, Bremerhaven, 
Deutschland, research scientist 2006-2008
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Université du Québec à Montréal, Montréal (Québec), research 
scientist 2008-2011
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Koninklijk Belgisch Instituut voor Ruimte-Aeronomie / Institut
royal de l’Aéronomie spatiale de Belgique, Brussel / 
Bruxelles, België / Belgique 2011-2016
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Environnement et Changement climatique Canada / 
Environment and Climate Change Canada, Montréal, Québec, 
research scientist 2016-present time
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Intro: области интересов

• hydrology

• ocean ecosystem numerical modelling

• atmospheric chemistry

• waves

• renewable energy

• (coupled) ocean-atmosphere-ice systems for NWP and 

climate applications



Page 10 – 7 décembre 2021

Intro: перспективы карьеры

• research scientist:

– applied research (government, NWP centres / operations)

– fundamental research (universities), professorship

– teaching

• scientific engineer

• scientific programmer

• R&D, operations

• management
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Monitoring the oceans

ocean measurements:

• insitu (T, S, p, bio & geophys.)

– drifters

– gliders

– ships / buoys

– bottom gages

– sea mammals

• satellite

– altimetry & geoid

– (ocean) surface

– biology / chemistry
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Satellite measurements

• Infrared

• Microwave
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Satellite measurements

• Infrared

• Microwave
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Monitoring the oceans: SENTINELLE
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Monitoring the oceans: SENTINELLE
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Argo international program

• collects information from inside the ocean 

• using a fleet of robotic instruments:

• drift with the ocean currents

• move up and down between the surface and a mid-water level
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Argo international program

• collects information from inside the ocean 

• using a fleet of robotic instruments:

• drift with the ocean currents

• move up and down between the surface and a mid-water level
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Argo international program

Evolution of the program: Atlantic ocean (left), globally (right)
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Monitoring the oceans: Copernicus Marine Service
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Monitoring the planet: Copernicus Climate
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Monitoring the planet: Copernicus Sea Level & 

Ocean Color
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Monitoring the planet: Copernicus Sea Ice
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AWI
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High Performance Computer (HPC)
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HPC Upgrade #1: Supercomputers

XC40 XC50

2 x 18 core, 2.1 Ghz 2 x 20 core, 2.4Ghz

Broadwell Skylake

792 compute nodes 1,266 compute nodes

28,512 compute cores 50,640 compute cores

128 GB 4 channel DDR4-2400 192 GB 6 channel DDR4-2666

• Essentially, a bigger version of a machine we already 

know well.

• Increase of ~1.6x increase in number of nodes, and 

~1.8x increase in total number of compute cores.
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HPC Upgrade #1: PPP Clusters

CS-400 CS-500

2 x 22 core, 2.1 Ghz 2 x 20 core, 2.4Ghz

Broadwell Skylake

158 compute nodes 248 compute nodes

6,952 compute cores 9,920 compute cores

225 GB 4 channel DDR4-2400 192 GB 6 channel DDR4-2666

• Compute nodes have same processor as the XC50.

• Increase of ~1.6x increase in number of nodes, and 

~1.4x increase in total number of compute cores.
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Ocean / atmospheric modelling

• global

• regional

• nested

GOFS forecast sea surface temperature, Day 7-1/2 

(Source: U.S. Naval Research Laboratory) 
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Ocean / atmospheric modelling

• global

• regional

• nested

GOFS forecast sea surface temperature, Day 7-1/2 

(Source: U.S. Naval Research Laboratory) 

Global, ∆x =25km

Canadian atmospheric model GEM
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Ocean / atmospheric modelling

• global

• regional

• nested
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Canadian Ice-Ocean Prediction System

• global

• regional

• nested

The coverage of the Canadian ice-ocean prediction system showing the model 

grid resolution (km). The domain extends from 26∘ N in the Atlantic Ocean over 

the Arctic Ocean to 44∘ N in the Pacific Ocean. (source: Smith et al 2021)
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AGRIF nested grids

• nested
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Finite-Element Sea-Ice-Ocean model

Example of global very low resolution FESOM mesh.
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AWI

The departure of simulated potential temperature averaged over 1998–2007 from 

WOA2005 climatology, averaged over depth ranges. The left and middle columns 

correspond to the simulations performed with FESOM1.4 and FESOM2, respectively, 

on the coarse resolution reference mesh. The right column corresponds to FESOM2.0 

on the global mesh with a resolution of 15 km
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FESOM2 20-year run. 5E6 node grid. 

computation, D. Sidorenko; 

graphics, N. Koldunov

Может ли современная модель глобального oкеана предсказать изменчивость 

гидродинамических полей? 

High resolution simulations
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Data assimilation

• sparse data w.errors

• numerical model w.errors

• DA: how to combine info from data 

and model to improve model 

forecasts

• DA methods:

– variational (3D-Var, 4D-Var)

– sequential (derived from Kalman filter: 

EKF, SEEK, EnKF, LETKF…)

– use of machine learning

based on simulation results 

from the global cloud-

resolving model NICAM 

and NASA satellite 

imagery. Courtesy of Ryuji 

Yoshida.
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Variational DA

minimize a cost function:

numerical model:

(S. Laroche 2005)
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Ensemble Kalman filter

ensemble covariance matrix:

numerical model:

ensemble Kalman filter equation:
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Example: how DA corrects model initial 

conditions
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Climate coupled models

• ocean and atmosphere models talk 

to each other: 2-way coupling

What’s in a global climate model? The 

Community Climate System Model (CCSM 

version 3) that is run with the supercomputer 

at the National Center for Atmospheric 

Research incorporates data about all of the 

natural processes shown in this diagram to 

simulate Earth’s complex climate system. 

UCAR
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Monitoring the planet: Copernicus Reanalysis
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Monitoring the planet: Copernicus
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ECCC's Global Deterministic Prediction 

System (GDPS)

Global, ∆x =25km

• GEM atmospheric model 
– Current ECCC's NWP system

– Coupled GDPS 10 day forecasts: atmosphere-ocean-ice

• 4D-EnVar data assimilation:
– Variational approach using 4D ensemble covariances from EnKF

– Hybrid covariances by averaging the ensemble covariances with 
the static NMC-method covariances

• Data assimilated by the GDPS:
– radiosondes, aircraft

– Surface report (SYNOP, SHIP, BUOYs)

– ATOVS

– ATMS

– SSMIS

– AIRS/IASI/CrIS

– GeoRad

– ASCAT

– AMVs

– GPS-RO 
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Ice-ocean modelling and

data assimilation with  

1/4° (ORCAS025)• Global Ice-Ocean Prediction System (GIOPS), NEMO-CICE 
coupled model

– Seasonal forecasting

– Coupled GDPS 10 day forecasts: atmosphere-ocean-ice

• Mercator Ocean Assimilation System SAM2 (SEEK):
– Sea surface temperature daily 

– Temperature and salinity profiles weekly

– Sea level anomaly from satellite altimeters weekly

• 3DVar Ice analysis:
– SSM/I, SSM/IS, ASCAT, AVHRR

– CIS charts and image analyses

• SST OI analysis:
– in situ data, AVHRR, AMSR-E, ATSR

– foundation SST

– background: previous day analysis

CICE

https://wiki.cmc.ec.gc.ca/images/a/ae/Grille_orca025_sph.gif
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Cycle launcher: coupled ensemble data assimilation system
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Cycle launcher: coupled ensemble data assimilation system
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Motivation: Impact of Coupling on Forecasts for Typhoon Neoguri

96h forecasts, valid 00Z, July 10, 2014

a) Forced (uncoupled) SST b) Coupled SSTSST from drifter 

obs. 

Much better 

agreement of cold 

wake in Coupled 

forecasts

Smith et al., MWR, 2018
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STD difference on atmospheric T and GZ with respect to own 

analyses as a function of forecast lead time. 
Region: Northern Extratropics



Page 53 – 7 décembre 2021

STD difference on atmospheric T and GZ with respect to own 

analyses as a function of forecast lead time. 
Region: Northern Extratropics
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Полезные навыки в нашей работе

• bash / ksh scripting, linux environment

• Fortran

• python

• matrix and variational analysis, numerical modelling methods

• error statistics

• satellite retrieval algorithms

• ocean-ice-atmosphere-waves thermodynamics, interactions

• global ocean/atmosphere circulation

• языки
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Хорошие книги
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Интересные ресурсы
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ECMWF online courses & trainings
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Спасибо!

Sergey.Skachko@canada.ca

+1 438 391 9750

mailto:Sergey.Skachko@canada.ca

