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FIGURE 8 | Linear sensitivity of (A) meridional heat transport across the OSNAP-East section (MHT-OSNAPe) and (B) subsurface ocean temperature (150–550m)

close to the Southeast Greenlandic coast (T-EG) to meridional wind stress τy, derived with the ECCO adjoint model, weighted by the square root of the prior error

covariance matrix B, and normalized. The solid black contour delineates the (A) OSNAP-East transect and (B) horizontal area for the respective calculations of (A)

heat transport and (B) mean temperature. Sensitivities are accumulated over 5 years. Red (blue) colors indicate that an increase in the northward wind stress would

lead to a subsequent increase (decrease) in (A) MHT-OSNAPe and (B) T-EG on a 5 year timescale. (A) An observed state direction (truncated to the control τy),

informed by MHT-OSNAPe measurements. (B) The target direction (truncated to the control τy) for the unobserved quantity T-EG. The good projection of (A,B)

reflects a high potential for the observed quantity MHT-OSNAPe to inform the unobserved quantity T-EG.

realized for global state estimation, substantial progress has been
made within ECCO (Kalmikov and Heimbach, 2014, 2018). The
coming decade will bring to bear the full potential of uncertainty
quantification and optimal design of observing systems.

Use of FSOI for Monitoring Ocean
Observation Impacts in an ODAP System
FSOI measures the variation in forecast error due to the
assimilated data, and its evaluation is another promising
application of an adjoint model for OS-Eval. Evaluation of FSOI
has recently been applied to the ODAP system in operation at the
US Navy and NOAA centers (Cummings and Smedstad, 2014).
The system uses the global HYCOM and 3DVAR schemes, and
measures the impact of all observations assimilated on reducing
48-h forecast temperature and salinity forecast error every day.
Calculation of FSOI is formulated such that a negative value
indicates a beneficial observation in that assimilation of that
observation reduced forecast error. A positive value indicates
a non-beneficial observation in that forecast error actually
increased from assimilation of the observation. Non-beneficial
impacts are not expected but if they occur, and they are persistent,
then that may indicate problems with data quality or model
performance. Thus, FSOI can be used as an effective observation
monitoring tool with feedback to data providers on potential
issues with their data.

To illustrate the routine application of FSOI, Figure 9A shows
the geographic variation of the impacts of assimilating Argo
temperature and salinity profiles from July 30 through August
18, 2018 in the Atlantic basin. In general, assimilating Argo
data has beneficial impacts on reducing forecast error across the
basin, although slightly non-beneficial impacts can be seen in
some Argo temperature profiles. FSOI can also be partitioned by
observing system. Figure 9B shows histograms of FSOI averaged

within observing system in the Atlantic basin for the same
time period. Here, impacts are normalized by the number of
observations in an observing system such that the results are
presented on a per observation basis. The results show that the
most important temperature observing system is animal borne
sensors, while for salinity the most important observing system is
fixed moorings. When the per observation impacts are calculated
without normalization, satellite altimeters, and satellite SST have
the greatest impacts simply from the overwhelming number
of observations generated by those observing systems. It is
important to note that all ocean observing systems assimilated
have beneficial impacts on reducing forecast error.

Evaluation of FSOI provides an all at once approach to
estimating observation impacts. The method automatically
adjusts to changes in the observation suite assimilated as
new observing systems are introduced and to changes in the
forecast model as model resolution increases or new physics are
introduced. It is now possible to efficiently and routinely evaluate
the entire global set of oceanographic observations assimilated in
the HYCOM system, determining which data are most valuable
and which data are redundant or do not add significant value.
Like other OS-Eval methods, FSOI strongly depends on the
ODAP system. Thus, the data impact results thorough evaluation
of FSOI cannot be generalized to all ODAP systems.

Use of DFS for Evaluating the Impact of the
SKIM Mission
In contrast to FSOI, DFS represent impacts of observations
on the analysis fields. The DFS can be conveniently computed
in an EnKF setting as a by-product of the calculation of the
Kalman Gain without additional computing costs (Sakov et al.,
2012). It is particularly relevant in the planning phase of a new
observing system when the actual data are not yet available,
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