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Abstract The updated version of Global Ocean Data Assimilation and Prediction System
(GODAPS) in the NIMS/KMA (National Institute of Meteorological Sciences/Korea Meteoro-
logical Administration), which has been in operation since December 2021, is being introduced.
This technical note on GODAPS2 describes main progress and updates to the previous version
of GODAPS, a software tool for the operating system, and its improvements. GODAPS2 is
based on Forecasting Ocean Assimilation Model (FOAM) vnl14.1, instead of previous version,
FOAM vnl3. The southern limit of the model domain has been extended from 77°S to 85°S,
allowing the modelling of the circulation under ice shelves in Antarctica. The adoption of non-
linear free surface and variable volume layers, the update of vertical mixing parameterization,
and the adjustment of isopycnal diffusion coefficient for the ocean model decrease the model
biases. For the sea-ice model, four vertical ice layers and an additional snow layer on top of the
ice layers are being used instead of previous single ice and snow layers. The changes for data
assimilation include the updated treatment for background error covariance, a newly added bias
scheme combined with observation bias, the application of a new bias correction for sea level
anomaly, an extension of the assimilation window from 1 day to 2 days, and separate assimila-
tions for ocean and sea-ice. For comparison, we present the difference between GODAPS and
GODAPS2. The verification results show that GODAPS2 yields an overall improved simula-
tion compared to GODAPS.
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o z}z} Unified Model (UM v.11.5; Walters et al.,
2019), Nucleus for European Modeling of the Ocean
(NEMO v.3.6; Storkey et al., 2018), Los Alamos Sea-ice
Model (CICE v.5.1.2; Hunke et al., 2015), Joint UK
Land Environment Simulator (JULES v.5.6; Walters et
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Table 1. Updated science configurations of GODAPS2.
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Model NEMO vn3.4 — CICE vn4.1 NEMO vn3.6 — CICE vn5.1
1-ice layer 4-ice layer
Resolution ORCAO025/L75 eORCAO025/L75
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Data Assimilation l(fiay IAU ) 2(Tiay IAU )
Bias correction SST SST, SLA

Atmospheric forcing
Vertical mixing
Flux exchange
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Fig. 1. Schematic diagram of GODAPS2.
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H2}EA WP (variational bias correction method)s} 2+

2.3 X} E5124(NEMOVAR) = JEE B2 1ED BS 0] Hol7 1)
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GODAPSSt &2 s s Fs Eelslir sl
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MDT)& CNES-CLS-13 MDTES ARg-alHA] Az o
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Fe] A7 SRw)E AESH Hed, S dER
% (Incremental Pressure Correction, IPC)S 53 A&
37T well n[X]= GEES Sol= 7|'H(Waters et al.,
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oA Y7F AF Sx9] ¥Fdo] Fds] s
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Fig. 2. Diagram of the two cycling schemes of 3DVar-FGAT. Each cycle has 24 hr assimilation window. Time goes from —2

day in the left to 0 day in the right.
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~ @ 20210730T0000Z ~ @ ocnNDGo2s ~ [F] NEMO_CICE
~ @ocno ~ @oss ] 0cndgo25_nemo_cice_obsoper_DM1
~ @ ocnoc I 0cndgo25_check_observations_DM1 I ocndgo25s_nemo,_cice_obsoper_DM2
~ [l OCNDG_MODELRUN [l 0cndgo25_check_observations_DM2 X
[ ocndg_obsop1_nemovar [ 0cndgo25_obscopy ] ocndg025_nemo_cice_iau_DM2
[J ocndg_asm1_nemovar ~ [£] osssiAs [ 0cndgo25_nemo_cice_forecast
[J ocndg_fen1_nemovar [ 0endg025_matchup_METOP_AVHRR_DM1 ] 0cndgo25_rebuild_pcbias_om1
Il ocndg_obsop2_nemovar [ 0cndg025_matchup_METOP_AVHRR_DM2 [ 0cndgo25_rebuild_pcbias_OM2
M ocndg_asm2_nemovar [ 0cndgo25_matchup_VIIRSG_DM1 ~ @ NEMOVAR
[ ocndg_fen2_nemovar [ 0cndgo25_matchup_VIIRSG_DM2 [ 0cndgo25_nemovar_ocean_DM1
~ [£] ocNDG_POSTPRO [ 0cndgo25_matchup_AMSR2_RSS_DM1 [ 0cndg025_nemovar_ocean_DM2
[ ocndg_nmpp_asmdiags [ 0cndg025_matchup_AMSR2_RSS_DM2 [ ocndgo25_nemovar_ice_DM1
~ [ 0cND_0BS_PROCESS [ ocndgo2s_matchup_SLSTR_DUAL_DM1 M 0cndgo25_nemovar_ice_DM2
Il ocndg_ops1_process_metop_ghrsst M 0cndgo25_matchup_SLSTR_DUAL_DM2 M 0cndg025_nemovar_prepare_DM1
Il ocndg_ops1_process_avhrr_ghrsst [ 0cndgo2s_sst_matchup_mark_DM1 [ 0cndgo25_nemovar_prepare_DM2
Il ocndg_ops1_process_amsr2_rss_ghrsst [ 0cndgo25_sst_matchup_mark_DM2 ] ocndgo25_nemovar_finish_om1
Il ocndg_ops1_process_viirsg_ghrsst ] 0cndgo2s_sstbias_obs_correct_DM1 [ 0cndgo25_nemovar_finish_DM2
Il ocndg_ops1_process_slstr_dual_ghrsst M 0cndg025_sstbias_obs_correct_DM2 [ 0cndgo25_rebuild_ocean_increments_DM1
Il ocndg_ops1_process_surface ] ocndgo2s_slabias_obs_correct_DM1 ] 0cndgo2s._rebuild_ocean_increments_DM2
Il ocndg_ops1_process_profile [M 0cndgo25_slabias_obs_correct_DM2 [ 0cndgo2s_rebuild_ice_DM1
Il ocndg_ops1_process_seaice_n [[] 0cndgo25_sstbias_obsoper_METOP_AVHRR_DM1 [ ocndgo2s_rebuild_ice_dM2
Il ocndg_ops1_process_seaice_s [M 0cndgo25_sstbias_obsoper_METOP_AVHRR_OM2 [ 0cndgo25_background_processing_DM1
Il ocndg_ops1_process_altimeter ] 0cndgo25_sstbias_obsoper_VIIRSG_DM1 M 0cndgo25_background_processing_DM2
Il ocndg_ops2_process_metop_ghrsst M 0cndgo25_sstbias_obsoper_VIIRSG_DM2 POST_PROCESSING
Il ocndg_ops2_process_avhrr_ghrsst ] 0cndgo25_sstbias_obsoper_AMSR2_RSS_DM1 [ 0cndgo2s_post_processing_results_DM1
Il ocndg_ops2_process_amsr2_rss_ghrsst M 0cndg025_sstbias_obsoper_AMSR2_RSS_DM2 ] 0cndgo25_post_processing_results_DM2
Il ocndg_ops2_process_viirsg_ghrsst [ 0cndg025_sstbias_obsoper_SLSTR_DUAL_DM1 [ ocndgo25_post_processing_restarts_DM1
M ocndg_ops2_process_slstr_dual_ghrsst M 0cndgo25_sstbias_obsoper_SLSTR_DUAL_DM2 ] 0cndgo2s_post_processing_restarts_DM2
I ocndg_ops2_process_surface ] 0cndgo25_sstbias_METOP_AVHRR_asm_DM1 [ 0cndgo25_nmpp_mersea
Il ocndg_ops2_process_profile [[] 0cndgo25_sstbias_METOP_AVHRR_asm_DM2 [ ocndgo2s_nmpp_hifreqsurf
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Fig. 3. The graphic view of the flow of GODAPS?2 in Rose/Cylc operational framework.
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Table 2. Descriptions of tasks for the GODAPS2 Rose/Cylc suite in order of execution.

Task Sub-task

Descriptions

install_cold install_cold

Install utilities and configuration of ancillaries

fcm_make ocean,
fem_make _nemovar,
fcm_make matchup,

MAKE V14 . Install executable files
- fcm _make obs oper by inter,
fcm_make nemoqc,
fem_make_obstools
ocnd_start prepare to run suite
gdaps_cp

observations_cp

copy GDAPS and observations

ocndg_bflux_foamout bulk ext,

extraction of boundary data from GDAPS

OCND_FLUX ocndg_bflux_marine_ext
PROCESS ocndnp_bflux int, interpolation of extracted GDAPS into eORCA025
ocndg025_bflux_int grid
OCND_OBS ocndg_ops_process_*, .
CEQQ o N 1 1 (NEM
PROCESS ocndg_obs_prepro quality control (NEMOQC)

ocndg025_obscopy,

ocndg025 check observations,
ocndg025 matchup *,
ocndg025 sst matchup mark,
OBS ocndg025_sstbias_obsoper,

OBSBIAS ocndg025_sstbias obs_correct,
ocndg025 slabias obs correct,

ocndg025_sstbias_*,

ocndg025 slabias *,

ocndg025 obsbias_finish

satellite observation (SST, SLA) bias correction

ocndg025 nemo cice obsoper DM,
ocndg025 nemo_cice iau DM,
ocndg025_nemo_cice forecast

NEMO_CICE

run the NEMO, CICE model
(observation operator, Incremental Analysis Update,
forecast)

ocndg025 nemovar prepare,
ocndg025_background processing,
ocndg025 nemovar ice,
ocndg025 nemovar_ocean,
ocndg025 rebuild ocean_increments
ocndg025 rebuild_ice increments
ocndg025 nemovar_finish
ocndg025 rebuild_pcbias

NEMOVAR

data Assimilation
(ocean, ice)

ocndg025 post_processing_result
ocndg025 post processing_restarts
ocndg025 nmpp_mersea
ocndg025 nmpp_hifreqsurf
ocndg025 nmpp_myocean
ocndg025 nmpp_bdy
ocndg025 nmpp_diaop

POST
PROCESSING

post-processing of model results

*. observation types (surface, profile, seaice, altimeter, METOP, AMSR, VIIRS)
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Table 3. Comparison of operation information between GODAPS and GODAPS2.

GODAPS

GODAPS2

Operation period

Storage period
(at 5™ supercomputer)

October 2018 ~ February 2022

January ~ December 2021

October 2021 ~ current
(June ~ September 2021 for semi operation)

June 2021 ~ current

Generation of supercomputer 4 5t
Parallel operation period June 2021 ~ February 2022
Table 4. List of observations assimilated by the GODAPS?2 as of Feb. 2023.
Variable Platform Provider
Temperature, Argo,
Profile Salinity Moored buoys (TAO etc), GTS
(in-situ) Ships (XBT, CTD etc)
SST Surface drifters, GTS
(in-situ) Moored buoys (TAO etc)
Surface - 'AVHRR (*METOP) IFREMER
3
~ AMSR2 (GCOM-W1)
satellite )
( ) *VIIRS (Suomi NPP) JPL PODDAC
Altika,
Sentinel-3A,
SLA Sentinel-3B
Altimeter . Sentinel-6A COPERNICUS
(satellite)
Cryosat-2
Jason-3
Haiyang-2B
Concentration >SSMIS
Sealce (satellite) (DMSP) OSI-SAF

'AVHRR: Advanced Very High Resolution Radiometer
METOP: Meteorological Operational satellite

SAMSR2: Advanced Microwave Scanning Radiometer 2
*VIIRS: Visible Infrared Imaging Radiometer Suite
>SSMIS: Special Sensor Microwave — Imager/Sounder
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Fig. 10. Difference of summer mean (June, July, and
August) mixed layer depth between (a) GODAPS and 2, (b)
GODAPS and ORASS5 and (c) GODAPS2 and ORASS. The
right panel of (a) denotes the zonal-mean difference. (d) the
difference of normalized zonal-mean RMSEs (RMSE
between GODAPS2 and ORASS minus RMSE between
GODAPS and ORASS).
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