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Research questions

¨ What is the relationship between the surface forcings of freshwater, 
momentum, and heat in setting salinity, temperature, and turbulence 
profiles?

¨ What effect do surface fluxes have in this region on evolution of 
ocean surface fresh layer?

¨ How do the larger-scale atmospheric conditions play a role in 
surface salinity variability?



Moisture Convergence, Precipitation, and Evaporation

Divergence Term
(negative convergence)
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Small

W is the precipitable water vapor in the atmosphere
P is precipitation
E is Evaporation
u,v are the moisture-weighted depth averaged velocities that contain 
both the mean and eddy components for zonal and meridional wind 
speeds

Basic moisture budget



Large-Scale Atmospheric Balance
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NASA SPURS-2
To study the fate of fresh water (Precipitation) in 
the Intertropical Convergence Zone (ITCZ)
• Cruise dates: August – September 2016

September – November 2017
• WHOI Buoy Mooring at 10°N, 125°W
• Atmosphere and ocean observations
• Other resources deployed as well

Atmospheric 
Soundings

10°N, 125°W

Direct Covariance Flux Buoy



SPURS-2 Soundings



Moisture budget from space

Salinity (SMAP), E-P (SeaFlux – GPCP), and Divergence (ASCAT)

Clayson et al. 2018



Median Monthly Probability Distribution Function (PDF) 
of Precipitation (GPCP 1996-2016)

Maximum 
Northward 
Velocity 0.42 
Degrees/Month

Maximum 
Southward 
Velocity
0.62 
Degrees/Month

ITCZ Width (2σ)
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ITCZ Guidance:
• Centered about 8°N

+/- 1° – 2° Latitude
• Width of 6° – 8°

Along 125°W



Buoy Precipitation
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SPURS-2 Sounding Locations for 2016

CentralWest East



SPURS-2 Divergence

Central

Convergent

EastWest

Divergent Convergent



Moisture budget from space

Salinity (SMAP), E-P (SeaFlux – GPCP), and Divergence (ASCAT)

Clayson et al. 2018
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Moisture Convergence, Precipitation and Evaporation

Divergence Term
(negative convergence)
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Small (in mean)

Basic moisture budget

-0.234 +/- 4.17 mm/hr

-0.009 +/- 8.95 mm/hr -0.367 +/- 0.871 mm/hr



SPURS-2 roughly DOUBLED direct evaporation 
measurements ever taken

Buoy-Based Heat Transfer
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Flow Distortion Corrected vs. Buoy

From Chris Fairall



Ship vs Buoy Comparisons E, P



What is the fate of this fresh water?





A contrasting event



SPURS-1 Buoy Rain Events
5.2 m

m s-1

2.1 m 0.87 m



SPURS-2 Buoy Rain Events
5.2 m

m s-1

2.1 m
0.87 m



SPURS-2 Rain Events: Buoy vs. Model
BUOY MODEL0.95 m



Mixing and stratification

Mean decrease in thermocline depth: 0m
Mean decrease in pycnocline depth: 6.5 m
Mean decrease in turbucline depth: 3.2 m



Conclusions

¨ Atmospheric balance breaks down at smaller scales: time lag 
between convergence, storage, and rainfall

¨ Satellite estimates of E, P, and divergence consistent with sounding 
estimations

¨ Buoy observations of E in this region significantly increased our data 
for understanding of transfer coefficients

¨ Change in SSS related to accumulated rain, mean winds, but mixing 
variability more complicated picture



Future work

¨ Colocated L2 SMOS, SMAP, Aquarius with Argo profiles: use dSSS
parameterization and re-compute errors

¨ Correlate salinity and temperature parameterizations with mixing 
parameterizations (NASA funding)

¨ Continued deployments of DCFS/LI-COR to measure sensible and 
latent heat fluxes

¨ Place 1-D (buoy, model, soundings) results in larger coupled 
atmosphere/ocean context: work with Eric Skyllingstad funded by 
NOAA using coupled LES models and SPURS-2 data


