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Demonstrating observation impacts for the ocean and coupled prediction
1 Introduction

Global ocean forecasting emerged as a true operational service under the decade-long

project called the Global Ocean Data Assimilation Experiment (GODAE, Smith, 2000).

Since the beginning of GODAE, ocean observations were recognised as the foundation of

operational oceanography. Under GODAE, several groups developed capabilities in ocean

data assimilation (Bell et al., 2009) and built operational ocean and seasonal forecast

systems (e.g., Dombrowsky et al., 2009). GODAE also played a role in the establishment of

important programs in ocean observing – including Argo (Roemmich and Gilson, 2009;

Roemmich et al., 2019), which began as a joint project of CLIVAR and GODAE (Freeland

et al., 2010); and GHRSST (Group for High-Resolution Sea Surface Temperature HRSST

program, Donlon et al., 2009; Martin et al., 2012), which began as a GODAE pilot project.

Following the success of GODAE, the ocean forecasting community continued to work

together to improve ocean forecasting systems under GODAE OceanView (Bell et al.,

2015), and now under OceanPredict (Davidson et al., 2019).

Research on optimal ocean observation strategies has a long history (e.g., Munk and

Wunsch, 1982), with numerical assessment of the impact of observations on ocean

forecasts beginning long before GODAE began (e.g., Miller, 1990). In 2007, at a GODAE

workshop in Paris, a new GODAE task team was established - called the Observing System

Evaluation task team (OSEval-TT, Oke et al., 2009a). The OSEval-TT continued under

GODAE OceanView and OceanPredict, publishing several community papers that

demonstrate the value of ocean observations for ocean forecasting (e.g., Oke et al.,

2015a, b; Fujii et al., 2019; Martin et al., 2022) and seasonal prediction (e.g., Fujii et al.,

2015b). Aside from those community papers, OSEval-TT members and groups applied

ocean analysis, reanalysis, and forecast systems to quantify the impacts of ocean

observations for various ocean services (e.g., Le Traon et al., 2019). Those studies

included demonstrations of the complementarity of observations from different

platforms (e.g., Oke and Schiller, 2007; Lea et al., 2014; Gasparin et al., 2023); the value

of ocean observations in coastal regions (e.g., Oke et al., 2009b; Kerry et al., 2018); the
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foundational importance of satellite altimeter data (e.g., Remy et al.,

2013; Verrier et al., 2017; Hamon et al., 2019; Benkiran et al., 2021);

the impact of Argo data on data-assimilating systems (e.g.,

Balmaseda et al., 2007; Zhang et al., 2017); the usefulness of data

from mooring arrays (e.g., Fujii et al., 2015a); and the impact of

ocean observations for coupled prediction (e.g., Halliwell et al.,

2017; King et al., 2020). These studies have provided evidence of the

importance of ocean observations for ocean services that have

helped argue the case for sustaining the global ocean

observing system.

Under OceanPredict, when the United Nations Decade of the

Ocean for sustainable development began, the OSEval-TT

established Synergistic Observing Network for Ocean Prediction

(SynObs). SynObs seeks to “extract maximum benefit from

combining various observation platform measurements, typically

satellite and in situ observation data, or combinations of coastal and

open ocean platforms for ocean/coastal predictions”. The flagship

activity of SynObs is the coordinated multi-system OSEs/OSSEs.

This Research Topic of Frontiers in Marine Science is also a

‘contribution’ to SynObs. This Research Topic invited research

papers - summarized below - that demonstrate observation

impacts for the ocean and coupled prediction. The Research

Topic includes 17 research articles, mostly using Observing

System Experiments (OSEs) or Observing System Simulation

Experiments (OSSEs), with contributions from 86 authors.
2 Contributions

2.1 Observation selection and processing

Paul et al. present a method that identifies which assimilated

observations yield a beneficial contribution to an analysis field

produced using a ensemble data assimilation system. Using a

regional system applied to the Bay of Bengal, the authors

demonstrate improvement by assimilating only those observations

that are identified as “beneficial”, with about 50% of available

observations improving the analysis. Interestingly, they show that

assimilating too many observations can degrade performance. A

similar result is reported by Lorenc and Marriott (2014) for

numerical weather predictions.

Sugiura et al. propose improving ocean data assimilation by

using integral quantities like heat and freshwater content derived

from temperature and salinity profiles. Unlike traditional methods

that are prone to noise and biases, this approach seems to offer a

more robust constraint. The authors demonstrate that these integral

measures are particularly beneficial in data-sparse regions.
2.2 Demonstrating the value of shelf
observations

Argo is the foundational ocean observing platform for

subsurface properties in the deep-ocean (Johnson et al., 2022).

But Argo doesn’t routinely observe the continental shelves. A new
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initiative, called the Fishing Vessel Ocean Observing Network

(FVON, Van Vranken et al., 2023), offers a complimentary

platform. In this Research Topic, Kerry et al. use a 4D-Var

system in the Tasman Sea to show how fishing vessel-collected

subsurface temperature data can improve shelf-sea forecasts.

Similarly, Hirose et al. demonstrate how data from low-cost

sensors on Japanese fishing vessels enhance coastal forecasts. Both

studies highlight the value of integrating non-traditional platforms

to fill observational gaps and improve coastal ocean forecasts.

Edwards et al. review how ocean observations improve

circulation models in coastal and marginal seas, where data are

sparse. They highlight challenges like representativeness errors in

model-data comparisons and discuss tools such as OSSEs, array

modes, and Artificial Intelligence algorithms. Examples from global

coastal models show that integrating in-situ and subsurface

observations reduces errors and enhances forecast accuracy.

Aydogdu et al. demonstrate that assimilation of glider

observations consistently improves state estimates of the

circulation in the Western Mediterranean Sea, particularly eddies.

They also demonstrate improvements to upper-layer chlorophyll

estimates in the biogeochemical system by improving

physical mixing.
2.3 Demonstrating the value of open water
observations

Several papers in this Research Topic demonstrate the impact of

surface velocities on ocean forecasts. This includes a study by

Mirouze et al. and Waters et al., using the United Kingdom (UK)

and French ocean forecast system, that share the same ocean model,

but uses a different approach to data assimilation. Both studies show

improvements to forecast surface currents when assimilating total

surface velocity particularly in the equatorial regions. Waters et al.

also show good improvement in western boundary current regions

and in the Antarctic Circumpolar Current, but with minimal

impact on subsurface temperature and salinity. Mirouze et al.

report some degradation in subsurface temperature and salinity

outside of the tropics, due to over-fitting of surface velocity

observations. In a separate paper, Waters et al. presents an inter-

comparison of the two above-mentioned systems. They show that

using equivalent OSSEs, errors in surface velocities are reduced

more in the UK system, compared to the French, with

improvements evident to greater depths.

In this Research Topic, Balmaseda et al. demonstrate that

assimilation of sea-level, together with sub-surface temperature

and salinity, significantly enhances the accuracy of seasonal

predictions for key variables like sea surface temperature (SST),

upper ocean heat content, and subsurface temperature

distributions. The study also demonstrates that the inclusion of

ocean observations leads to better initialization of coupled ocean-

atmosphere models, yielding improved forecast accuracy in regions

with strong climate variability, such as the tropical Pacific.

The impact of Argo observations on sub-seasonal predictions is

demonstrated in this Research Topic by Balan-Salorjini et al.
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The authors also show how problems with coupled initialization

degrade the potential value of Argo. Continued development of

coupled data assimilation and coupled initialization is

desperately needed.

Balmaseda et al. further demonstrate the significant and positive

impact of observations from Argo floats, ship-based measurements,

and moored buoys on the accuracy of seasonal forecasts. This study

also shows how assimilation of sub-surface observations helps

reduce initialization errors in the ocean state, thereby improving

the predictability of key atmospheric and oceanic processes.

The paper by Smith et al., in this Research Topic, use a

Canadian ocean/ice forecast system to show the positive impacts

of assimilating Absolute Dynamic Topography (ADT). The greatest

benefits appear to be under sea ice, with improved representation of

Arctic surface circulation features like the Beaufort Gyre and

Transpolar Drift.

Liu et al. assess the assimilation of synthetic and real SWOT

data in a regional ocean-ice prediction system, showing it improves

ocean prediction in regions with complex currents and bathymetry.

SWOT assimilation enhances mesoscale features like eddies and

boundary currents, with real observations improving sea surface

height and aligning better with in situ and satellite data.

Rahman et al. evaluate SST estimates from various ocean

reanalysis products in the North Indian Ocean. Products with

better observational data and assimilation techniques offer more

accurate SST, though discrepancies remain due to model resolution

and sparse observations.

Ishikawa et al. examine how quality control (QC) of Argo data

(Wong et al., 2022) affects global ocean data assimilation. Improved

QC enhances data consistency, boosting reanalysis accuracy and

model performance, which is vital for climate forecasting.
2.4 Flagship SynObs activity

Finally, Fujii et al. review the SynObs project, part of the UN

Ocean Decade, which evaluates and improves global ocean

observing systems through OSEs and OSSEs. OSEs assess the

impact of existing observations, while OSSEs explore potential

future systems. Early results show that combining satellite and in-

situ data significantly improves forecasts. The study highlights the

need for ongoing evaluation to enhance ocean monitoring and

ensure coordinated global strategies.
3 Conclusions

The contributions in this Research Topic fall into three

categories, including the impacts of observation selection and

processing, observations over continental shelves, and

observations over the deep ocean. Using many different data-
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assimilating systems and many different approaches to evaluate

the impact of observations on ocean analysis and forecasts and

coupled forecasts. These studies span time scales from days to

decades and spatial scales from sub-mesoscale eddies and regional

models to the global ocean. While individual system studies show

the value of observations in specific cases, coordinated efforts like

SynObs highlight their broader importance. The flagship SynObs

activity, with multi-system OSEs and OSSEs, reduces uncertainties

and clearly demonstrates the essential role of ocean observations in

operational oceanography and seasonal prediction. Without

sustained observations, the quality and reliability of ocean

analyses, forecasts, and even seasonal climate predictions would

deteriorate. A lack of accurate, well-calibrated ocean observations

would weaken the constraints on these systems, reducing their value

for decision-making and scientific understanding.
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