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Data assimilation software at NERSC

TOPAZ: HYCOM-CICE

Previously, each model has a specific DA software 
separately maintained:

NEDAS now provides support to all NERSC models
• Rapid research development
• Access to rich Python ecosystem for scientific 

computation, machine learning etc.

neXtSIM-f: neXtSIM

NorCPM: NorESM

BIORAN: HYCOM-ECOSMO

NorESM, HYCOM-CICE, neXtSIM, ECOSMO, WRF, …

EnKF (different flavors: ETKF or EAKF), EnKS, 
non-Gaussian filters, alignment, emulators…

with DEnKF, EnOI, …

with DEnKF

with nudging

with EnKS



Python tools for high-performance computation

• numpy    drives most of the linear algebra

• mpi4py provides support for MPI parallelism

• JIT technique (numba, JAX, taichi) to convert 
python functions to machine code



Python as control scripts (thanks to “Code Clinic” by ICCS)

• YAML configuration files • Better error handling
• Multiplatform support: HPC, jupyter-lab, containers



The offline filter (using model restart files)

for 𝑠 in 1, …, 𝑁!:

𝐱!" = 𝐹!(𝐱")
𝐲!# = 𝐹!#(𝐲#)
𝐲!" = 𝐹!# ℋ 𝐱"	

𝐱" = 𝑈 𝐱", 𝛿𝐱!

𝐱$ ← 𝐱"

𝛿𝐱! = 𝐴 𝐱!", 𝐲!", 𝐲!#, 𝐑!, 𝛒!
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Updator

Misc. transform of prior state/obs
such as scale decomposition, anamorphosism…

Assimilator:
EnKF (different variants)
other non-Gaussian filters 
(such as QCEF)
localization funcs…
covariance models…

Updator:
Inverse transform
or other enhancement

Analysis schemes



Assimilator Classes

SearialAssimilator BatchAssimilator

EAKFAssimilator ETKFAssimilator TopazDEnKFAssimilator
(Exact replica of TOPAZ)QCEFAssimilator

(Ying, JAMES, in review)

Assimilator



TopazDEnKFAssimilator
DEnKF (Sakov et al. 2012):
100-member ensemble without vertical localization:
Compute ensemble transform weights once, applies it to 50 levels

In NEDAS (ETKF available):
lfactor = hlfactor * vlfactor * tlfactor * impact_on_state

Exact replica of TOPAZ with similar runtime efficiency:
- Cache the transform weights for same localization factor
- Early exit when localization factor is zero

Computing the distance itself can be costly:
- Use L1 distance for subsetting, then refine with L2 distance
- How to keep distance-free types of algorithm efficient?



Uncertainty estimates versus model resolution – the dilemma

30-100 ensemble members = factor 3-4 in resolution 
image credit:
Laurent Bertino



Do we need vertical localization in TOPAZ?

100 member

30 member

1.0
0.8
0.6
0.4
0.2
0.0
-0.2
-0.4
-0.6
-0.8
-1.0

ocean temperature corr

• Even with 100 
members, there are 
still sampling noises

• Smaller ensemble size 
+ vertical localization: 
cost effective?



QCEFAssimilator as an alternative

Non-Gaussian error distribution:

• Sea ice variables

• BGC tracers 

Current solution: postprocessing (fixhycom)

Quantile Conserving Ensemble Filter (Anderson 2023) 

expected to better handle bounded error distribution and 

nonlinearity

Porting QCEF subroutines to NEDAS using f2py



TOPAZ perturbation scheme

Evensen 1994 approach to draw random fields: specified hcorr and variance

Real forcast errors grow in time, but our perturbations are fixed amplitude

image credit: Jiping Xie



Additional perturbation schemes

original wind

perturbed in TOPAZ energy spectrum

displacement scheme

Current scheme:
Gaussian spectrum

Random displacement:
introduces phase error that 
has the same spectrum
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Updator

Misc. transform of prior state/obs
such as scale decomposition, anamorphosism…

Assimilator:
EnKF (different variants)
other non-Gaussian filters 
(such as QCEF)
localization funcs…
covariance models…

Updator:
Inverse transform
or other enhancement

AI enhancements (low-hanging fruits compared to end-to-end)

AI operators

AI emulators

AI enhancement:
super-resolution
bias correction

alignment

AI non-Gaussian 
core algorithms?



AlignmentUpdator

AdditiveUpdator AlignmentUpdator

Multiscale Alignment (Ying 2019, MWR)

Applied to assimilation of deformation in neXtSIM 
(to be coupled to HYCOM in next version TOPAZ)

𝐱! = 𝐱" + 𝐹#$% 𝛿𝐱# 𝐪# = argmin 𝐱#" 𝐪# − 𝐱#! +𝑤 ∇𝐪#

“optical flow”

𝐱! = 𝐱"(𝐪#) + 𝐱#! − 𝐱#" 𝐪#

Updator



AlignmentUpdator in use for s = 1:
original:   observations prior member 1

scale-1:   observations prior member 1 posterior member 1

EnKF



AlignmentUpdator

observation model

EnK
F

MSA_EnKF
increments increments

in ice drift ice drift



Alternative optical flow algorithms
In Ying 2019: HornSchunk with pyramid method

from OpenCV: Farneback (parametric dense flow) and DIS (based on deep learning)



Alternative optical flow algorithms

Constant
displacement

No
displacement,
only amplitude 
changes



Summary

Advancing TOPAZ assimilation algorithm:

• Vertical localization (finally!) and cross-variable impact factor

• Trying new perturbation schemes

• QCEF for sea ice and BGC variables (via f2py)

• Alignment technique (better alternatives from OpenCV)

• …Any suggestions?


