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Refractivity and Boundary Layer Structure

Our R&D Structure

Bean Increased vertical resolution

Beowulf Cluster Improved surface layer physics

NRL-MRY Dynamically coupled ocean model
R&D COAMPS

Dynamic assimilation of local measurements

ABCANZ NWP Collaboration
Feb 2009 NZ sea breeze ftrial

French DGA NWP Collaboration
Mediterranean propagation experiment

COAMPS Improvements
Wallops met observations Chemical Agent Plume
PRTR met ohservations

Dutton PRTR Forecasts: Com link study and CAPTC
Beowulf Cluster Wallops Island Forecasts: Radar test bed
Dahlgren At Sea Testing Forecasts: Tests of opportunity
PSR S Forensic Event Analysis

Tracking Capability

/\MEA NAVAL SURFACE WARFARE CENTER

/1 ] Distribution Statement A: Approved for public release: distribution is unlimited.
S oo DAHLGREN DIVISION PP P 3



Q?% Refractivity and Boundary Layer Structure

Refraction

+ Atmospheric refraction bends radio frequency energy away from
intended destinations.

“+ The direction of refraction is dependent on the vertical
thermodynamic structure of the atmospheric boundary layer.
- surface layers
- mixing layers
- internal boundary layers
- entrainment layers

“+ Within 100km of the coast, mesoscale circulations can produce
significant refraction

+ Refraction can introduce 103 deficits on applicable radio frequency
engineering solutions
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Refractivity and Boundary Layer Structure

Snells Law

Dutch scientist Willebrard
Snell (1591-1626), who first
stated the law in a manuscript
in 1621. In French, however,
the same law is often called
“la loi de Descartes” because
it was René Descartes (1596—
1650) who first put the law
into widespread circulation in
his Discourse on Method,
published in 1637.

sin 91 n,

sin@),  p,
n = 1index of refraction
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(jﬂ Refractivity and Boundary Layer Structure

Index of Refraction

n =1ndex of refraction = \/ E. ﬂ
& =relative permittivity

U = relative permeability

c
n —_—

N
c = speed of light in a vacumm

v = phase speed 1n the medium
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(jﬂ Refractivity and Boundary Layer Structure

Refractivity

n =1.000300 1in the atmosphere
N =refractivity
N=(n-1)10°
Y
N = 77.6 I 4810e
T X T

p = atmospheric pressure (mb)

I’ = atmospheric temperature (K)

e = vapor pressure (mb)
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Q?% Refractivity and Boundary Layer Structure
Modified Refractivity
M = modified refractivity

N + an earth curvature term

M=N+-—10°
Re

z = height above the surface
R . =radius of the earth
M N +0.157z7

Distribution Statement A: Approved for public release: distribution is unlimited. 8




&C & Sey
e

S

é’% Refractivity and Boundary Layer Structure

w

The vertical gradient of modified
refractivity defines the radio

Lo
frequency refraction regime. Sub-refraction (
Behavior Range 1 Range 2 Standard
(dM/dz) m-1
Standard =0.118
Ducting <0.0
Super- 0.0 0.079 Super fefaction
refractive
Normal 0.079 0.157
» Ducting
Sub-refractive > 0.157

Standard: Short lived in the littorals. Radar energy gently curves away from earth

curvature.

Super-refraction: Radar energy follows the curvature of the earth. Extended radar horizon

and folded land clutter.

Trapping: Radar energy trapped in a shallow duct formed by the sea surface and a positive
vertical gradient of refractivity above the surface. Extended and separated areas
of sea clutter.

Sub-refraction: Radar energy abruptly curves away from earth curvature. Ameliorating

engineering costs are very high.
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(jﬂ Refractivity and Boundary Layer Structure

Introduce the Conserved Variables
M = (EIM 4810e j+ 0.157z

T T
. . (1000
w=0.622 =(0.622| — O=T —
p—e P 4
wP
M = 76 P+ 48100622 +0.157z

0.286 —0.286
ol P ol P
{1000} {IOOO}

w = water vapor mixing ratio (kg kg™)

€ = potential temperature (K)
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(jﬂ Refractivity and Boundary Layer Structure

( \ The Vertical Gradient
dM dp|1.336X10’w  399.54

_I_
dz  dz| A2 0572 0.286
op op J
( \
b 3.106x 107 pO-428
dz HZ
\ J
( \
Jo| 6.212x107w p0'428 559.6 p0‘714
d 3 N 2
Z
\ & & )
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(jﬂ Refractivity and Boundary Layer Structure

Well Mixed Layer

do _ dw _

0
dz dz
[ ; ) )
dM dp|1.336X10"w 3.995X10
— = + +0.157
dz dz 2 0.572 9 0.286
o P )
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Refractivity and Boundary Layer Structure

Well Mixed Laver

50 -

|

1

40 (dM/dz)4,g=0.128 m” :

| |

O 30 ;

o ——100% RH 990 mb .

2 5—25% RH 990 mb ;

© 20

p ~—100% RH 1000 mb i

g ——25% RH 1000 mb i

o 10 - a- 100% RH 1020 mb }

- ©- 25% RH 1020 mb :

0 I

Standard | i

10 | ‘
0.070 0.080 0.090 0.100 0.110 0.120 0.130 0.140 0.150 0.160

dMidZ (m™)

I\DWEEA NAVAL SURFACE WARFARE CENTER

. = Distribution Statement A: Approved for public release: distribution is unlimited.
Sww— DAHLGREN DIVISION pp p 13



Q?ﬂ Refractivity and Boundary Layer Structure

dM _ 128

dz

dw 5.97X10° p
dz T>

0 (" 1.286

P
- ; [2.57X105w+1o.76T ]

d T
“
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Temperature (C)
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Temperature (C)
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Refractivity and Boundary Layer Structure

Stable Internal Boundary Layers (SIBL)

Offshore Flow of Warm and Drier Air over a Colder Sea Surface

250 T T T T T T T T T 1 250 I I T ] I |
—SIBL — Offshore Mixed Layer |—SIBL_— Offshore Mixed Layer |
200 : 200
) )
(%2} (%2}
<150 : <150
E / £
- ] -
5100 —- 5100
g g
I I
50 50
"]
0 0
279 280 281 282 283 284 285 286 287 288 289 0 0.002 0.004 0.006 0.008 0.01
Potential Temperature (K) Water Vapor Mixing Ratio (kg kg™)
250 T
| | —SIBL —standard — Offshore Mixed Layer
dM dw do 200 , %
— /
20128+ ——p 3
C Cs 2150 e #
Z Z Z E z
- P /l /
5100 e
z 7 ST
. A’
SIBLs eventually advect into 50 A
d 7
well mixed layers a distance (d) . e
Offshore. 300 310 320 330 340 350 360

Modified Refractivity

I\INSEA NAVAL SURFACE WARFARE CENTER

- = Distribution Statement A: Approved for public release: distribution is unlimited.
Fusw— DAHLGREN DIVISION PP p 17



Evolution of stable internal boundary layers over a cold sea
Smedman, Bergstrom, Grisogono, Journal of Geophysical Research,

January, 1997

\\

>

D
—

g~ 5625V - I

f & -

9 ;i: ! i A ST

\ Y7 ) oy it

d = offshoredistance tomixed layer = ! 371 T
_ : 2 oAt —geltheted 1
V= velocity 5 B
. . _4 0 50 100 150 200 250 300 350 400 450 500

f = COflOllS parameter = 1 O Distance to Offshore Well Mixed Layer (km)

A8 = potential temperature difference across SIBL

@ = surfacepotential temperature
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Refractivity and Boundary Layer Structure

On the formation of a stably stratified internal boundary layer by advection of

warm air over a cooler sea
Mulhearn, Boundary Layer, Meteorology, 1981

h=0.0146x

vilT, T,
h = height of SIBL

x = offshore distance

v = wind speed

@, =land surface potential temperature
T,=S5T

T ., =land surface potential dewpoint temperature

T’ . =averageSIBL temperature

gx| 6,-To)_ ,(T=To)

-0.47

— /=5 misec del theta=5K  delw = 0.001 kgikg
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Refractivity and Boundary Layer Structure

On the formation of a stably stratified internal boundary layer by advection of
warm air over a cooler sea
Mulhearn, Boundary Layer, Meteorology, 1981
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Refractivity and Boundary Layer Structure
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Refractivity and Boundary Layer Structure

Stable Internal Boundary Layers
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2 dg/dz > 0, warmer air
advecting up and over

colder air at the sea surface

2 dw/dz < 0, drier air
advecting up and over
saturated air at the sea
surface

bi-linear ducts, or surface
ducts

hundreds of km offshore

2 dM/dz < 0, advection ducts,

¢ Advection ducts can extend
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Entrainment Layers
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Sea Breeze Circulation
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Sea Breeze Circulations
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Surface Layer
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Engineering Significance of Refractivity

2 A2
Pr = G ﬂ ° F4 Two way propagation factor in the
P, (47[)3R Radar equation

G.G.A
Pr == GR F One way propagation factor in the
Pt (4-71']{)2 Communications link equation

*Propagation factor due to non standard refraction
*0dB in free space

*F2 potentially greater than +/- 30dB in real near surface atmospheres
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e Refractivity and Boundary Layer Structure

Engineering Significance of Refractivity
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n ..... )\ i Notional S-band radar detection areas in white of a
CTE T TR notional target at 100m ASL. The image on the left is an

AREPS model in a standard atmosphere. The image on
the right is a COAMPS®/AREPS model for 1100UTC on

14 May 2009
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Refractivity and Boundary Layer Structure

Engineering Significance of Refractivity
S band notional radar in the Persian Gulf

1100UTC, 14 May 2009 (validated refractivity field)
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(ﬁ% Refractivity and Boundary Layer Structure

Summary

& Refractivity in the PBL can significantly influence radio frequency

system performance.

& Refractivity is directly related to PBL thermodynamic structure.

& Mesoscale NWP has become a powerful tool for understanding the
four dimensional engineering demands placed on radio frequency

systems at specific locations.

& The potential exists for a 0 to 72 hour globally locatable radio

frequency system performance tool.
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