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Overview

• Background (~historical) (Small)
– Focus on turbulent heat fluxes (sensible and latent)

– What drives the turbulent fluxes?

– Large and small scale

– What drives the SST?

– Large and small-scale

– Timescales

• Bulk fluxes and sub-grid scale variability (Grooms)
– Parameterization ideas



A viewpoint from 1992…

Based on marine surface observations – COADS , 

Woodruff et al. 1987. Monthly data.

Fraction of LHFLX variance due to q anomalies

Fraction of LHFLX variance due to wind anomalies



A viewpoint from 1992…

PNA pattern

Based on marine surface observations – COADS , 

Woodruff et al. 1987. Monthly data.

Correlation coefficient between SST tendency and 

turbulent heat fluxes
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A viewpoint from 1997…

Regression: LHFLX due to q anomaliesRegression: SHFLX due to T anomalies

Regression: LHFLX due to wind anomaliesRegression: SHFLX due to wind anomalies
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A viewpoint from 2003…
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A viewpoint from 2012…

Could this be model bias? 

Bishop et al. (2017) and Small et al. (2019) showed similar results to CESM-HR 

from OAFLUX and J-OFURO3. Malcolm Roberts et al. 2016 found similar for HadGem.

Correlation, SST’ and turbulent heat flux out of ocean

Correlation, SST tendency and turbulent heat flux out of ocean

HIGH-RES

HIGH-RES

LOW-RES

LOW-RES
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A viewpoint from 2017…

Method for determining the transition length scale Lc. Solid curves are best fit 

to rTQ and dashed curves are best fit to at monthly time scales as a function of 

space scale δc at the WBC locations in Fig. 10. Open circles are the raw data, and 

larger colored circles are the intersection locations

Updated in Small et al. 2019

OAFLUX

https://journals.ametsoc.org/view/journals/clim/30/20/jcli-d-17-0159.1.xml#fig10
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A viewpoint from 2019…
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Sensitivity to spatial scale

Sensitivity to time scale

Correlations between SST and turbulent heat flux



A viewpoint from 2022…
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A viewpoint from 2024…



Some thoughts

• Biases in the state variables are still important for climate models and reanalysis (e.g.
recent findings by Frank Bryan, Elizabeth Thompson)

• Requirements for observations, e.g. Cronin et al. 2019 suggestions, saildrones,…

• Now we are moving to even smaller scales – limitation of bulk flux assumptions, 
model grid size
– How to treat sub-grid scale variability (following slides)



Proposed parameterization strategy, NOAA 2022

Consider the air-sea momentum flux averaged over a coarse grid 
cell
ҧ𝜏 = ҧ𝜏 𝑇𝑎 , 𝑇𝑠, 𝑈𝑎 , 𝑈𝑠 , … = 𝜏 𝑇𝑎 + 𝑇𝑎

′ , ഥ𝑇𝑠 + 𝑇𝑠
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In a coarse model we don’t know the subgrid perturbations, so 
we instead use

ҧ𝜏 ≈ 𝜏 𝑇𝑎 , ഥ𝑇𝑠, 𝑈𝑎 , 𝑈𝑠 , …

We proposed improve this by generating N synthetic, stochastic 
samples from a joint subgrid-scale distribution and then averaging 
them: 
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An easily-implementable preliminary approach motivated by 
Brankart (Ocean Modelling, 2013) is to simulate N random walks 
around each grid cell, sampling the local atmospheric and 
oceanic spatial variability.

A more accurate approach would be to use a combination of 
physical insight and high-resolution coupled data to learn the joint 
distribution of SGS variables as a function of large-scale input 
variables – a physics-informed generative-modeling ML approach 
– and sample from that. Both approaches could be used in 
combination with improved bulk formulae.

Proposed parameterization strategy, NOAA 2022
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