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Model: NEMO-NORDIC gt?ﬂsﬁ?&ﬁ!ﬂ
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BGC Model: ERGOM Et'.-?ﬂsﬁi’.iﬁ'iﬁ.'

Framework

Original development for Baltic Sea (Neumann, 2000)
based on Nitrogen

Chlorophyll is diagnostic quantity

Recently BSH added module for carbonate system
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PDAF — Parallel Data Assimilation Framework DPat?I-esﬁFi)laartailclﬁll

Framework

A unified tool for interdisciplinary data assimilation ...
= provide support for parallel ensemble forecasts
= provide assimilation methods (solvers) - fully-implemented & parallelized
= provide tools for observation handling and for diagnostics
= easily useable with (probably) any numerical model
= a program library (PDAF-core) plus additional functions
= run from notebooks to supercomputers (Fortran, MPI1 & OpenMP)

= ensure separation of concerns (model — DA method — observations — covariances)

Open source:
Code, documentation, and tutorial available at
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https://pdaf.awi.de

github.com/PDAF
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Coupled Data Assimilation

PDAFParaIIeI

Data Assimilation
Framework |

State
= 5 physics variables
= 16 ERGOM prognostic variables + 4 diagnostic variables
= State dimension: 704 - 108 (at analysis 153 - 10°)

DA setup

= Kalman filter: LESTKF

= ensemble size: 30

= weakly coupled DA

= direct updates of model fields (no IAU)

= Physics: only 3D temperature updated
(multivariate updates result in unrealistic salinity)

= ERGOM: update 13 prognostic + 4 diagnostic variables
(no update of LDON, DIC, ALK)

Compute requirements:
= Each NEMO-ERGOM task: 186 cores (+6 for XIOS)
= Run time: ~45 minutes to simulate 24h
(1 model month per simulation day)
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Observations
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Data Assimilation
Framework

Sea Surface Temperature

CMEMS Level 4 ‘reprocessed’ data
resolution 0.02°
available daily

observation error for DA: 0.8 °C
(provided error fields not fully realistic)

Chlorophyill

Level 3 data from CMEMS (multi-satellite multi-year) 65°~-;-‘
separate data products for North Sea and Baltic Sea

resolution 1 km
available daily
observation error: relative error of 0.3

Alternative L3 observatlons
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DA: Effect on SST
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Data Assimilation

Framework |
RMSe relative to L4 data
Ensemble run from Jan. 1, 2015 . — Free
= ensemble perturbations in physics from — Fcst DA
EOFs (2nd-order exact sampling) 10 —— Ana DA
= ensemble central state from forecast —— Fcst
= perturb 15 process parameters of ~
ERGOM RMSe relative to L3 data
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Data assimilation from Feb. 1, 2015 — Fcst DA
= Strong reduction of RMSe in SST 1o —— Ana DA

= RMSe increases in April
=?» problem in level-4 SST data
= RMSe more consistent with L3 data
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DA: Effect on Chlorophyll PDAFrae

Framework

Daily assimilation from Feb. 1, 2015 _ _
Chlorophyll: Log10-RMSe in Baltic Sea
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DA: Combined vs. CHL-only DA gE@ﬁ?ﬂﬁ%

= Compare 2 cases:
= Weakly coupled DA of SST + CHL satellite data

= Assimilation of only CHL data

= Significant differences only during April: lower errors if temperature is corrected by SST-DA

Chlorophyll: Log10-RMSe
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Effect of DA on longer forecasts: Chlorophyll PDAFrae

Framework

Performed 14-day ensemble forecasts initialized from DA analysis
= Error reduction in 24-h forecast: 33 %

8-day forecast: 20 %

14-day forecast: 5%

Surface chlorophyll: model - observations
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Effect of DA on longer forecasts: SST — March 8 PDAFrae

Framework

Performed 14-day ensemble forecasts initialized from DA analysis
= Error reduction in 24-h forecast: 48 %

8-day forecast: 43 %

14-day forecast: 35 %

Surface temperature: model - observations

Free run on March 8 24h forecast (init March 7) 8-day forecast (init March 1)
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Effect of DA on longer forecasts: SST — March 14 PDAFrae

Framework

Performed 14-day ensemble forecasts initialized from DA analysis
= Error reduction in 24-h forecast: 48 %

8-day forecast: 43 %

14-day forecast: 35 %

Surface temperature: model - observations
Free run on March 14 24h forecast (init March 13) 14-day forecast (init March 1)
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PDAFParaIIeI

Profiles at station Arkona Basin — March 1 - 14 Data Assimilation
Framework |
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Effect of DA on Ecosystem Indicators Data Assimilation
Framework
Free run on April 1 24h forecast on April 1
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PDAFParaIIeI

Effect of DA on Ecosystem Indicators Data Assimilation
Free run on April 1 24h forecast on April 1
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Effect of DA on Ecosystem Indicators Data Assimilation
Free run on April 1 24h forecast on April 1
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Summary — NEMO-PDAF PDAFrae

Framework

= Coupled assimilation of satellite SST and chlorophyll

= Improvements in temperature and chlorophyll in analysis and 14-day
forecasts

= Combined SST+CHL assimilation improves result over CHL-only
assimilation

= Next steps
= Validation with in situ data
= re-running with L3 SST data
= Strongly coupled assimilation

18 Sun/Vliegen/Nerger — Coupled physics-BGC assimilation @ NVI




Problem in L4 SST data DPat?Iesﬁ?IE;rta]ich)?:

Framework

= Visible rectangles visible L4 SST on April 6, 2015
beginning of April

= Jumps in temperature when data
becomes available in previously
data-void regions

= Not reflected in error maps of
data product

= Rerun with level 3 data

VI
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