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Ocean Surface Boundary Layer (OSBL)

• O(0.1 - 1 km) deep 
• Mediates fluxes between 

atmosphere and deep 
ocean 

• Many important physical 
properties 
• Most missing from 

ocean models
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OSBL influences
• Regional precipitation 

dependent on sea surface 
temperature (SST) 

• Boundary layer depth 
(i.e., heat content) 
influences convective 
structure of the MJO

Benedict and Randall (2011)

Ma and Xie (2013)

Ann. Mean Precipitation

SST change

SST Only Slab ocean model
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OSBL models

• Need to predict vertical 
turbulent fluxes (e.g.,         )  

• Could use turbulence closure 
(e.g. Mellor and Yamada 1982) 
• Computationally expensive 
• Missing physics (e.g., non-

local) 
• Integrated turbulence kinetic 

energy (Kraus and Turner 
1967) 
• No OSBL vertical structure
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K-Profile Parameterization
• Allows structure in the OSBL by 

assuming diffusivity follows a specified 
shape 
•        magnitude determined by  

• Surface fluxes 
• Deep ocean influence via 

diffusivity matching across OSBL 
• Boundary layer depth 

• Non-local transport is a redistribution of 
any destabilizing surface flux 
• No non-local momentum transport. 

• No prediction equations

Air-sea or ice-sea
interface: z = ⌘BR, Bf , ⌧, Qm

Surface fluxes

Penetrative shortwave

✏ h

KPP boundary

layer thickness: h

MO surface layer

ocean bottom: z = �H
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Figure 2. (left) Vertical profile of the shape function G(cr), 
where cr = d/h, in the special case of G(1) = 0,•G(1) = 0. 
(right) Vertical profiles of the normalized turbulent velocity 
scale, wx(o')/(Ku*), for the cases of h/L = 1, 0.1, 0, -1, 
and -5. In unstable conditions, Ws(Cr) (dashed traces) is 
greater than Wm(Cr) (solid traces) at all depths, but for stable 
forcing h/L -> 0, the two velocity scales are equal at all 
depths. 

The problem of determining the vertical turbulent 
fluxes of momentum and both active and passive sca- 
lars in (1) throughout the OBL is closed by adding a 
nonlocal transport term •/x to (5): 

wx(a) = -gx(OzX- (9) 

In practice, the external forcing is first prescribed, 
then the boundary layer depth h is determined, and 
finally profiles of the diffusivity and nonlocal transport 
are computed. Here the depth determination is de- 
scribed last because its formulation depends on the 
form of the diffusivity. The external forcing is dis- 
cussed in Appendix A. 

Diffusivity and Nonlocal Transport 
The profile of boundary layer diffusivity is ex- 

pressed as the product of a depth dependent turbulent 
velocity scale w x and a nondimensional vertical shape 
function G(tr): 

Kx(tr) = hwx(o')G(tr) (1 O) 
where tr = d/h is a dimensionless vertical coordinate 
that varies from 0 to 1 in the boundary layer. At all 
depths, values of K x are directly proportional to h, 
reflecting the ability of deeper boundary layers to 
contain larger, more efficient turbulent eddies. Partic- 
ular examples of G(tr) and Wx(tr) profiles are shown in 
Figure 2. The shape function is assumed to be a cubic 

polynomial [O'Brien, 1970], 

G(tr) = a0 + a•tr + a2 0'2 q- a3 0'3 (11) 
so that there are four coefficients with which to control 
the diffusivities and their vertical derivatives at both 

the top and bottom of the boundary layer. 
Turbulent eddies do not cross the surface, so there 

is no turbulent transport across d - 0. The implied 
condition Kx(O) = 0 is imposed by setting ao = 0. 
Molecular transport terms, in addition to (9), are re- 
quired only if the very near surface, where molecular 
processes dominate [Liu et al., 1979], is to be re- 
solved. 

In the surface layer • < e, where Monin-Obukhov 
similarity theory applies, eliminating the property gra- 
dient from (3) and (9) with •/x = 0 and then substituting 
(10) for Kx with G(•r) -• ,(a• + a2{r) leads to 

Wx(O')(al + a2o')= Lx(C)]x wxo / (12) 
A sensible way of satisfying (12) is to equate the term 
in square brackets to the turbulent velocity scales. As 
was argued by Troen and Mahrt [1986], this formula- 
tion is assumed to be valid everywhere in the stably 
forced boundary layer. In unstable conditions the tur- 
bulent velocity scales beyond the surface layer are 
assumed to remain constant at their •r = e values. 
Without this constraint, unstable W x values would be- 
come very large (Figure 2), in the absence of any 
supporting observational evidence. Therefore the gen- 
eral expression for the velocity scales is 

K/,/* 
Wx(•r) = e < •r < 1 • < 0 q>x( eh/L ) 

nu* (13) 
Wx(e) = otherwise 

These scales are functions of [ = d/L = •rh/L, so 
profiles of Wx(•r) are fixed functions of h/L, as is 
shown in Figure 2. 

The q>x functions (Appendix B, Figure B 1) are such 
that the velocity scales equal nu* with neutral forcing 
(h/L - 0 in Figure 2) and are enhanced and reduced in 
unstable (h/L < 0) and stable (h/L > 0) conditions, 
respectively. The turbulent velocities for momentum 
and scalars are equal in stable forcing. The unstable 
4)m is greater than 4)• (Figure B1), so W m becomes less 
than the corresponding w• (dashed lines) in Figure 2. 
In order for w x to scale with w* in the convective limit, 
the q>x functions in very unstable (convective) condi- 
tions of [ < Ix < 0.0 have the form 

q>x = (ax - Cx[) -•/3 (14) 
where the constants ax and Cx make (14) match less 
unstable forms of q>x at [ = Ix (equation B1). Com- 
bining (2), (6), (13), and (14) leads to 

(G (�) ; � ⌘ �z/h)

G(�)
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Testing
• Use large eddy simulation (LES) model as control 

• Can correctly minimize horizontal tendencies 
• Can ensure consistent forcing with KPP 

• LES includes salinity and solar radiation. 
• Experiments test a few key physical assumptions in KPP 

• Non-local transport 
• Is a cubic shape function appropriate? 
• Should shortwave radiation be included? 

• OSBL diffusivity matching to other mixing schemes 
• Not subject to energetic constraints
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Cooling Test
• No internal mixing 

• Matching does not matter 
• Artificially enhanced diffusivity 

at OSBL base does! 
• OSBL deepening is dependent 

on resolution
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• Noise above is due to non-local 
shape function. 

• With a halocline and uniform 
T(z), KPP non-local flux 
produces warming in the 
presence of cooling 
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Cooling with Wind

• Large internal diffusivity 
gradients across OSBL base 
cause serious issues. 
• Large OSBL biases 
• Negative diffusivities. 

• Using diffusive interpolation 
(linear) weakens internal 
gradient 

• Smoothing internal diffusivities 
does not solve all issues
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Summary
• Changes in ACME v1 

• Diffusivity matching abandoned 
• Diffusivity from internal schemes 

extended into the OSBL 
• Remaining issues: 

• Entrainment (OSBL deepening) 
dependent on vertical resolution 

• Non-local term in KPP can cause 
many issues. 
• Negative BGC concentrations 
• Biases are very large near river 

outflow



ACME Fall Meeting 2016, Denver, CO

The path forward
• Fixing KPP 

• Shape function issues 
• “Best” shape function for non-

local transport changes with 
forcing 

• OSBL structure depends on 
assumed internal mixing 

• Not subject to energetic 
constraints 

• Abandon KPP 
• Based on assumed distributions 

(ADHOC, CLUBB) 
• More details at poster

Cooling

Cooling+Wind

Original KPP

LES

LES

Original KPP


