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Internal Boundary Layer Challenges?
(i) What are the scales of temporal and spatial 
heterogeneities in lower MBL; to what extent they 
affect MOST, duct height and models for Surface 
based duct heights?
(ii) What is the growth rate of internal boundary 
layer height and how can it be parameterized? -
effect on Surface based duct heights
(iii) What are the parametrizations for vertical 
gradient of 𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟,𝑻𝑻 and 𝑼𝑼, and how are they 
dependent on meteorological regimes? Theoretical 
ideas in the data analysis and interpretation amidst 
heterogeneities
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Internal Boundary Layer 
– Vorticity production at a discontinuity 

Boundary layer

Strong horizontal inhomogeneity
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Flow jets through 
upon finding
a low resistence media 

Warm to cold –
Increase the speed



A Simple Formulation
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CASPER-West Field Campaign

R/V Sally Ride Ship Track during 
CASPER-West and surface wind 
speeds



Rigid Hull Inflatable Boat (RHIB) operations

Sally Ride
Stabilized Halo Doppler Lidar
Ceilometer CL31 
Microwave Radiometer 
MP3000 

Delta T, U

meto

Experimental Setup

Triple Doppler Lidars at Point-Mugu + Flux Tower



Winds at the shore and R/V Sally Ride
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Potential Temperature profiles from Point Mugu and Sally 
Ride Radiosondes 

Strong IBL Weak IBL



1430 hours UTC.

Wind speed and direction profiles from Point Mugu and Sally Ride 
Radiosondes 

October 15October 14 

low winds, N 

low-level jet, NE 

Lidar

WS

WD

Unstable Stable



Velocity “kink” determines the IBL height

Elliot 1958 and Wood 1982 IBL models are shown 

Triple Doppler Lidar Winds

Single Doppler Lidar wind retrieval of speed and 
direction using 2D Variational Scheme on a 2-degree 
elevation, PPI

lowest 150 m ASL 

October 14th, 2017 at 1500 hours UTC 

IBL Height



October 15th, 2017 at 1500 hours UTC

lowest 150 m ASL

IBL Height

Triple Doppler Lidar Winds

Single Doppler Lidar wind retrieval of speed and 
direction using 2D Variational Scheme on a 2-degree 
elevation, PPI

Velocity “kink” determines the IBL height

Elliot 1958 and Savelvey & Taylor 2006 IBL models 
are shown 



RHIB operations potential temperature profiles
October 14 October 15 

unstable stable

CoastSally Ride Coast Sally Ride



M Profile development, within 500 m from the coast from SBO and MO-theory. Surface 
based duct heights are shown with dotted lines.  inset - location of measurements

Modified refractive index (M) profiles

October 14th October 15th

N = 77.6 �𝑃𝑃 𝑇𝑇 + 3.73 𝑥𝑥 105 �𝑒𝑒 𝑇𝑇2

500 m

14-Oct-2017 17:01 UTC

14-Oct-2017 16:51 UTC

14-Oct-2017 16:55 UTC

MO Theory

500 m



Internal Boundary Layer Parametrizations

comparisons

𝑧𝑧𝑜𝑜𝑜𝑜 = 𝑑𝑑𝑑𝑑𝑢𝑢𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑒𝑒𝑎𝑎𝑑𝑑 𝑑𝑑𝑑𝑑𝑢𝑢𝑔𝑔ℎ𝑑𝑑𝑒𝑒𝑑𝑑𝑑𝑑 ℎ𝑒𝑒𝑒𝑒𝑔𝑔ℎ𝑑𝑑

𝑧𝑧𝑜𝑜𝑢𝑢 = 𝑢𝑢𝑢𝑢𝑑𝑑𝑑𝑑𝑑𝑑𝑒𝑒𝑎𝑎𝑑𝑑 𝑑𝑑𝑑𝑑𝑢𝑢𝑔𝑔ℎ𝑑𝑑𝑒𝑒𝑑𝑑𝑑𝑑 ℎ𝑒𝑒𝑒𝑒𝑔𝑔ℎ𝑑𝑑

𝜎𝜎𝑤𝑤 = 𝑑𝑑𝑑𝑑𝑑𝑑 𝑣𝑣𝑒𝑒𝑑𝑑𝑑𝑑𝑒𝑒𝑣𝑣𝑎𝑎𝑙𝑙 𝑣𝑣𝑒𝑒𝑙𝑙𝑑𝑑𝑣𝑣𝑒𝑒𝑑𝑑𝑣𝑣

𝑢𝑢∗ = 𝑓𝑓𝑑𝑑𝑒𝑒𝑣𝑣𝑑𝑑𝑒𝑒𝑑𝑑𝑑𝑑 𝑣𝑣𝑒𝑒𝑙𝑙𝑑𝑑𝑣𝑣𝑒𝑒𝑑𝑑𝑣𝑣



Calculations were made assuming land surface roughness (Zou) of 0.0436 and the downwind 
ocean surface roughness (Zod) of 0.0012, based on Flux tower and ship Bow-mast datasets, 
respectively.

Comparison between IBL models and triple Doppler Lidar data 
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Scaling of Internal Boundary 
Layer Growth

℧ = 𝑈𝑈0
𝜕𝜕ℎ
𝜕𝜕𝑥𝑥

½

𝛤𝛤 = ∆𝑇𝑇0
𝜕𝜕ℎ
𝜕𝜕𝑥𝑥

𝑙𝑙 =
𝑈𝑈02

𝑔𝑔 ∝ ∆𝑇𝑇0
𝜕𝜕ℎ
𝜕𝜕𝑥𝑥

½
𝜕𝜕𝜕𝜕 𝜕𝜕
𝜕𝜕𝜕𝜕

= ℧
ℓ
𝛹𝛹 𝜕𝜕

ℓ
,     𝜕𝜕𝜕𝜕 𝜕𝜕

𝜕𝜕𝜕𝜕
= ℚ

ℓ
∅ 𝜕𝜕

ℓ
,  𝜕𝜕𝑇𝑇 𝜕𝜕

𝜕𝜕𝜕𝜕
= Γ

ℓ
𝛯𝛯 𝜕𝜕

ℓ



Thank You
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