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Supplemental text: Standard univariate linear regression and interdependency of forcing 

variables 

We first attempted a standard decomposition of LHF, 

𝑄𝐸′ = 𝛼𝑆𝑆𝑇′ + 𝛽𝑈𝑎′ + 𝛾𝑞𝑎′           (A) 

where  is the regression coefficient of LHF on SST,  is regression of LHF on Ua,  is regression 

of LHF on qa. ,  and  were obtained sequentially using simple univariate linear regression. This 

basic method works well if the variables on the right hand side (RHS) of (A) are truly independent. 

If, however, these variables depend on each other, it gives a poor estimate of the true variability, 

as will be illustrated next.  

Using the correlation and associated regressions between LHF and SST, wind speed and 

humidity, a reconstructed LHF variability array was formed as in (A), for J-OFURO3 and CESM-

HR. The standard deviation of that reconstructed array is then compared with that of the full LHF 

array. The resulting differences, shown in Figs S3a,b), reach quite large values, including high 

positive differences (>10 Wm-2) in WBC regions, and also patches of large negative differences  

(< -10 Wm-2) in the Tropics and Subtropics. Further, the magnitude of the differences appears to 

be larger in CESM-HR (Fig. S3b) than in J-OFURO3 (Fig. S3a).  

The reason for the poor fit of the reconstruction is that the variables which appear on the 

RHS of (A) are not independent. This is seen in Fig. S4 which shows the pair-wise correlations of 

these variables, both for J-OFURO3 and for CESM-HR. For example, bands of positive correlation 

between SST and 10m wind speed in Fig. S4a,b are seen along the ocean fronts: correlations are 

commonly 0.4 to 0.7 in these regions and indicative of the ocean forcing a response in the wind 

(see e.g. Small et al. 2008, Chelton and Xie 2010 for more details). Elsewhere strong negative 

correlations are seen in the Tropical Warm Pools. The positive correlation between SST and Ua in 

ocean frontal zones leads then to a strong positive correlation between LHF and Ua in the same 



region (not shown), but this is misleading as the wind is not actually driving the LHF variability 

in those regions as will be shown with the second and third method below. 

 Meanwhile there is also a strong dependence of low-level air humidity on SST (Fig. S4c, 

d) with high positive correlations over most of the Globe, which is likely due to warming of air so 

it can hold more moisture (i.e. the Clausius-Clapeyron relationship). Finally humidity variability 

exhibits a negative correlation with wind speed in many regions of the globe except the Equator 

(Fig. S4e,f). This dependence on wind speed may not appear to be obvious, but if e.g. strong winds 

generally come from a certain wind direction, which may advect in air of different humidity, such 

as dry air off a continent, then a correlation may be expected. Close inspection of Figs S4e,f) reveal 

that is especially true in some local phenomena such as the Mistral in the north-west Mediterranean 

Sea,  and in the Central American gap winds. Another possibility is that strong surface winds may 

be associated with more mixing in the boundary layer, transferring drier air from aloft towards the 

surface. CESM-HR has notably weaker negative correlation than J-OFURO3 (Fig. S4e,f) for 

reasons currently unknown. 
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Supplementary figures



Supp. Fig.S1. Effect of ENSO on SST variability. A, b,c) Standard deviation of monthly SST with ENSO effects removed. d-f) the same but including influence of 
ENSO. Note that there are substantial differences between the left and right columns in the Equatorial pacific, as expected, but a weak influence elsewhere.
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Supp. Fig.S2. Effect of ENSO on SST-LHF correlation using J-OFURO3 data. a, b,c) Correlation between monthly anomalies of latent heat flux and SST with 
ENSO effects removed. d-f) the same but including influence of ENSO. Again there are visible differences between the left and right columns in the eastern 
Equatorial Pacific (such as a broader band of positive correlation in the case with Nino3.4), as expected, but a weak influence elsewhere.
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Supp. Fig. S3. Differences between standard deviation of reconstructed LHF field, and standard deviation of actual LHF, using
standard linear regression. a) J-OFURO3 and b) CESM-HR.
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Supp. Fig. S4. Correlation between variables that drive LHF, based on monthly anomalies. a,b) 10m wind speed and SST, c,d) 2m air humidity and 
SST, e,f) 10m wind speed and SST. Left panels: from J-OFURO3, right-panels CESM-HR.  Panels e,f) have same color bar as c,d) whilst panels a,b) 
have a reduced color-bar.
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Supp. Fig. S5. North-west Atlantic. Top panels: SSH (cm) and SST 
(C) from Jan. 15, year 60 of CESM-HR run. Second row, the 
corresponding monthly means. Third row: the anomalies relative to 
climatology. Fourth row: the LHF anomaly (Wm-2).



Supp. Fig. S6. North-west Pacific. Top panels: SSH (cm) and SST (C) 
from Jan. 15, year 60 of CESM-HR run. Second row, the 
corresponding monthly means. Third row: the anomalies relative to 
climatology. Fourth row: the LHF anomaly (Wm-2).



a) OAFLUX

Supp. Fig. S7. Correlation between monthly anomalies of latent heat flux and SST for different observational analyses and record 
lengths. a) OAFLUX 1985-2014 b) OAFLUX 2002-2012 c) J-OFURO3 2002-2012 d) SeaFlux 2002-2012.
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Supp. Fig. S8. Correlation of SST and LHF using annual-mean data: a) from OAFLUX for years 1985-2014 b) from OAFLUX for 
restricted years 2002-2012. Pink colors in high latitude areas are regions of sea-ice coverage and should be ignored.
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a) U10: January b) U10: July

Supp. Fig. S9. Climatology of variables used for weighting functions, from CESM-HR. a, b) Wind speed at 10m (m/s), c,d) Moisture exchange coefficient CE,
e,f) air-sea humidity difference delQ (kg/kg). Left panels are for January, right for July.

d) CE: Julyc) CE: January

e) DELQ: January f) DELQ: July



1deg., Nino3.4 removed 1deg., Nino3.4 retained
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Supp. Fig. S10. For J-OFURO3, 
the correlation between SST 
and LHF on monthly 
timescales. Sensitivity to 
spatial smoothing scale and to 
the removal of a regression on 
Nino3.4 SST.

The spatial smoothing is a box-
car smoothing here, with full-
width annotated on plot, in 
degrees. Left column: with 
regression on Nino3.4 SST 
removed. Right column: 
without removal of regression 
on Nino3.4 SST. 



Supp. Fig. S11. As Fig. 15, but for the North-West Atlantic.
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