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Smyth et al., 2013 Deep Cycle 
Turbulence 

Deep Cycle Turbulence in the Equatorial Pacific 

•  Diurnal stratification 
inhibits vertical transfer 
of momentum. 

•  Sheared diurnal jet. 

•  Descent of the diurnal 
shear layer can initiate 
deep cycle turbulence. 
[Smyth et. al, 2013] 

•  Large associated heat 
flux. [Moum et al. 2013] 
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Deep Cycle Turbulence in the 
Equatorial Atlantic? 

0°, 10°W 

 
•  A similar deep cycle 
turbulence picture is 
emerging, but… 
[Hummels et al., 2013, 2014] 
 
•   Very sparsely sampled. 
 

Turbulent dissipation rate ε (W kg-1) 

Shear variance S2 = uz
2 + vz

2 (s-2) 



Open issues in the equatorial Atlantic  
 
 

Provide a description of the near-surface diurnal cycle in the 
equatorial Atlantic Ocean.  

 
What is the role of ocean dynamics? 

 
 
 
 
 
 

Do we observe descending diurnal shear layers? 
 

Is there evidence of deep-cycle turbulence in the central equatorial 
Atlantic? 
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WENEGRAT AND MCPHADEN: THE DIURNAL CYCLE AT 0�N 23�W X - 37

Table 1. Summary of 0�N, 23�W data.

Surface Observations
Observation Height (m) Sampling Frequency
Wind speed/direction 4 10 minute
SWR 3.5 2 minute
LWR 3.5 2 minute
Rain 3.5 10 minute
Air temperature 3 10 minute
Relative Humidity 3 10 minute

Subsurface Observations
Observation Depth (m) Sampling Frequency
Temperature 1, 5, 10b, 13a, 20, 23a, 40, 60, 80, 100, 120 10 minute
Salinity 1b, 10b, 20, 40, 60, 80, 100, 120 10 minute
600 kHz ADCPa 3.75 - 35 (0.75 m bins)b Hourly (120�1 Hz ensemble)
150 kHz ADCPa 35 - 150 m (8 m bins) Hourly (45�0.0125 Hz ensemble)

a Enhanced Monitoring Period

b Partial data availability, see Section 2.2

D R A F T October 13, 2014, 10:14am D R A F T
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Overview of enhanced monitoring period 



Climatology 
1999-2014 

A monthly climatology, formed from all available data, is shown in Figure 3. The annual pattern of monthly
averaged wind stress and SWR reflects the seasonal meridional migration of the ITCZ in the Atlantic (Figure
1) [Waliser and Gautier, 1993]. As the ITCZ shifts south during late boreal fall and winter, SWR and wind
speed both decrease. dSSTa reaches an annual monthly averaged maximum of 0.28!C in March, despite
shortwave radiation (SWR) being 31 Wm22 below its October maximum. Later in the year, the ITCZ shifts
further north of the equator, leading to clear skies and steady trade wind conditions, associated with low
dSSTa. This climatology suggests available surface heat flux is secondary to near-surface mixing in setting
the diurnal SST amplitude, with reduced wind stress, shallow mixed layers, and increased stratification dur-

ing boreal winter linked to
larger near-surface diurnal SST
signals. The precise mecha-
nisms responsible for variations
in dSSTa will be discussed fur-
ther using data from the EMP
in section 4.

Interannual variability in the
Atlantic is weak compared to
the seasonal cycle [Xie and
Carton, 2004], and interannual
anomalies of dSSTa at 0!, 23!W
are of smaller amplitude than
those in the Pacific [Clayson
and Weitlich, 2007]. Using simi-
lar moored data at 0!, 110!W,
Cronin and Kessler [2002]
observed interannual variabili-
ty of the diurnal SST amplitude
on the order of 60:1
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Figure 3. Monthly averaged climatology for diurnal SST amplitude (black line), wind speed
(blue line), and shortwave radiation (red line). Shading denotes 6one standard error of the
monthly mean.
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Figure 2. Overview of the full monthly averaged time series. (a) Diurnal SST amplitude (dSSTa), (b) wind speed, (c) thermal stratification
(DT5T1m2T5m), (d) isothermal mixed layer depth (solid line, DT50:4

!
C) and depth of the 20!C isotherm (dashed line), (e) downwelling

shortwave radiation (solid line) and top of atmosphere outgoing longwave radiation (dashed line) [Liebmann and Smith, 1996]. Solid verti-
cal lines denote the enhanced monitoring period (section 4).
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Seasonal diurnal composites 
Steady Trades Weak &Variable Winds 
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Diurnal cycle of stability:  
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Marginal Instability in the Atlantic 

Stable Unstable 
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 c)
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Unstable Stable 

Estimated turbulent dissipation rates: 
Steady Trades:   ε ~ 10-6 – 10-7 W kg-1  
Variable Winds: ε ~ 10-7 – 10-8 W kg-1   
 [Using, Kunze et al., 1990, over the layer MLD + 20 - 50 m] 
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Summary of the diurnal cycle at 0°, 23°W 
 
 
 
 

High resolution velocity observations provide a unique view into 
the dynamics of the near-surface equatorial Atlantic. 

 
Ocean dynamic response is critical on diurnal timescales, and 

mixing controls the diurnal SST anomaly. 
 
 
 
 

 
 
 
 

Descending diurnal shear layers are a regular feature during steady 
trade wind conditions, associated with subcritical Ri numbers. 

  
Marginal instability and estimates of ε, indicate deep-cycle 

turbulence, comparable to the Pacific.  
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