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CONTEXT
Most operational centers are developing coupled (atmosphere-ocean) Data 
Assimilation systems as an alternative to uncoupled counterparts (atmosphere-
or ocean-only). This Coupled DA is expected to:
• Improve short- and long-range predictions (weather, seasonal, decadal 

scales).

• Provide better Earth system reanalysis state (cross-component 

constrained and balanced).

• Enhance the usage of satellite measurements.
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SATELLITE 
OBSERVATIONS 
The Sea Surface Temperature (SST) is one of the key variables:
• Tightly connects the atmosphere and ocean states.

• Air-sea fluxes.

• Essential for Weather & Ocean prediction.

Current prototype coupled DA systems rely on external (L4) 
gridded SST or along-track (L3 or L2) SST retrievals as 
observed data or model relaxation field.

In reality, SST measurements are available from sparse in-situ 
network of ships, moorings, and buoys.

Satellites do not  measure SST, and inferring SST from satellite 
measured radiances requires a radiative transfer model, its 
calibration and also bias correction. All of this is possible with        
coupled DA.

https://www.star.nesdis.noaa.gov/sod/sst/iquam/

https://earthobservatory.nasa.gov/

Coupled DA: 
Directly Assimilate Observations 

Instead of relying on SST products

SST from OSTIA 
Dec, 2018 Monthly Mean

http://ghrsst-pp.metoffice.com/pages/latest_analysis/ostia.html

Gridded (L4) SSTfoundation

Penny et al., 2019 (Community White Paper) 
https://doi.org/10.3389/fmars.2019.00391
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NEAR-SURFACE SST
Upper ocean temperature is highly variable:
• Diurnal warming: daytime solar heating results in a diurnal warm layer: intensity varies with the 

momentum stress (wind/waves). 

• Cool skin layer: close to the air-sea interface, always present, due to non-solar heat fluxes (sensible, 

latent and upward longwave).

• Gridded SST products poorly delineate this variability.

Satellite measurements are sensitive to both diurnal warming and cool skin. 
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Arabian Sea Mooring experiment (1995) 
Data from WHOI 

http://uop.whoi.edu/projects/projects.html
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Woods and Barkmann, 1986]. Surface temperature devia-
tions greater than 3.0 K, referenced to subsurface temper-
atures below the extent of surface heating, are not uncommon
and may persist for hours [Kawai and Wada, 2007; Minnett,
2003; Yokoyama et al., 1995]. Even larger amplitudes of
diurnal warming (up to 4–6 K) have been reported in several
studies [Flament et al., 1994;Merchant et al., 2008; Stramma
et al., 1986; Ward, 2006]. Failing to account for a diurnal
cycle in (SSTs) leads to errors in determining surface fluxes
for numerical weather prediction (NWP) and climate models
[Webster et al., 1996; Woods et al., 1984]. Tropical atmo-
spheric circulation is sensitive to relatively small changes in
SSTs [Palmer and Mansfield, 1984; Shukla, 1998] as is local
atmospheric convection [Chen and Houze, 1997] and SST
variability in this region is important to understanding
climate change.
[6] There is increasing interest in including satellite-

based retrievals of SSTs in the historical record for
climate applications. Satellite data can provide much
needed measurements in remote or data-sparse regions
and often lead to a more realistic representation of the
spatial and temporal structure of seasonal and interannual
variability and an improved reconstruction of global
SST. NWP, climate, and mesoscale oceanography require
remotely sensed SSTs with an accuracy of 0.1–0.3 K
[GOOS Implementation Advisory Group (IAG), 1999].
Since diurnal warming of the ocean surface can reach
amplitudes of 3.0 K or more, an improved understanding
of diurnal warming is necessary to meet these temperature
accuracy requirements. Blending SST retrievals made at
different depths and different times of the day also
requires a model of diurnal variability [Donlon et al.,
2007]. Additionally, since diurnal warming affects the
temperature of the ocean surface which is in direct

contact with the atmosphere, improved estimates of diur-
nal warming will lead to better estimates of air-sea heat
and gas fluxes.

2. Background

[7] Stommel [1969] and Stommel and Woodcock [1951]
took some of the earliest measurements of diurnal warming
in the ocean. Profiles of upper ocean temperature were taken
with a bathythermograph in the Gulf of Mexico, in April
1942, revealing wave-like variations in the upper ocean heat
content. In March 1968, the R/V Chain deployed a number
of Salinity-Temperature-Depth (STD) profilers with the goal
of examining diurnal warming. The cruise took place in the
southwest North Atlantic Ocean. Insolation was measured
with an Eppley Laboratory pyrheliometer. By 9:30 Local-
Mean-Time (LMT), a diurnal warm layer was observed; it
continued to grow to 0.9 K by 14:15 LMT and then began to
decay. The depth of the diurnally heated layer extended to
12 m. Stommel reported classical cooling from the surface
where isotherms relaxed toward vertical and the warm layer
deepened until all evidence of the warm layer was erased.
Using the 1-D heat equation, he was able to roughly balance
the radiative forcing with observed heating in the warm
layer. Several other early measurements of diurnal warming
were also focused on calculating the heat content [Delnore,
1972; Halpern and Reed, 1976; Kaiser, 1978].
[8] Measurements have shown that the vertical profile of

diurnal warming in the upper ocean is highly variable
[Minnett and Ward, 2000; Ward, 2006] and therefore
models developed from in situ measurements at depth
may not fully describe the variability at the ocean surface
skin layer. The validity of both the theoretical and empirical
models in the skin layer has been explored by a limited

Figure 1. Schematic showing the upper ocean temperature profiles during the (A) nighttime or well
mixed daytime and (B) daytime during conditions conducive to the formation of a diurnal warm layer.
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Figure 1. Schematic showing the upper ocean temperature profiles during the (A) nighttime or well
mixed daytime and (B) daytime during conditions conducive to the formation of a diurnal warm layer.
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The NASA Global Modeling and Assimilation Office (GMAO) is developing a coupled DA system which 
assimilates SST directly from the raw observations, i.e., satellite radiances and in-situ observations.

The methodology to directly assimilate radiances for SST became operational in Jan, 2017 in the GMAO's 
near-real time Weather Analysis and Prediction System. https://gmao.gsfc.nasa.gov/weather_prediction/

SUMMARY
To maintain and further improve coupled DA, 
we advocate for the availability of a infrared 
and microwave satellite radiometers to 
measure SST and surface salinity.

For improved modeling of the near-surface 
temperature, salinity and mixing processes, 
we suggest adding more than one 
temperature sensor and salinity sensors to 
the drifting buoy network.

Cool Skin Diurnal Warming

GMAO Weather and Analysis and Prediction System
Dec 2018 Monthly Mean at 09UTC

SSTskin – SSTfoundation

http://uop.whoi.edu/projects/projects.html
https://gmao.gsfc.nasa.gov/weather_prediction/

