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Radio occultation method



Radio occultation (limb sounding) method

LEO receives
signals from
transmitter in

higher orbit Transmitter satellite

in higher orbit
sends signals, which
. are received by LEO

Atmospheric properties can be obtained

COSMIC (The Constellation Observing System for Meteorology, lonosphere, and Climate):
Launched with 6 LEOs on April 14, 2006; joint Taiwan-U.S. project

CHAMP (CHAIllenging Minisatellite Payload) :
Prototype for COSMIC, 1 LEO, launched on July 15, 2000; Germany project

Following figures courtesy of COSMIC webcast module
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Progression of Tangent Point for a Series of
Progressively Deeper Occultations

Tangent point

- GPS receiver in LEQ "sees" the
GPS set or rise behind the Earth’s limb

- Delay of the signal between the GPS
and the LEO is observed

- The change of the delay allows for

R reconstruction of the bending angle

- The vertical refractivity profile at the
ray tangent point is reconstructed
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- Refractivity allows for reconstruction of
the pressure, temperature, and humidity
in the neutral atmosphere and electron
density in the ionosphere




Radio Occultation Method
N = 77.6T£+3.73><105 T%Jrcorrection for ionospheric effects
[dry term] [wet term]
Given N, solve for T and T,

Advantages:

 High vertical resolution (0.1 km)
* No calibration needed

* Not affected by clouds or rain

* Global coverage

Disadvantages:

e Horizontal resolution coarse (200 km)

e Refractivity equation an unclosed system where moisture
abundant (lower troposphere). Additional background
Information or data assimilation scheme needed.
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- Comprehensive daily coverage of RO soundings across globe once constellation complete

® Radiosonde

¢ COSMIC sounding BUCAR

- Radiosondes heavily focused on Northern Hemisphere land masses

- Radio occultations will provide much more uniform measurement sampling of Earth’s atmosphere



Validation In hurricane environment



Temperature_at_200mb(2006082616)
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Temperature_at_200mb(2006082604)
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Pressure(mb)

Tropical Storm Debby - Temperature
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Hurricane Ernesto - Temperature
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Pressure(mb)

Tropical Storm Debby - Dewpoint

Dewpoint(2006082616)_COSMIC(-53.1,17.1)_WMO(-49.5,20ewpoint(2006082616)_COSMIC(-53.1,17.1)_WMO(-52.3,1&wpoint(2006082616)_COSMIC(-53.1,17.1)_WMO(-55.4,16..

0 L

COsMIC

_wetPrf

WMO_TempDrop

COsMIC

_wetPrf

WMO_TempDrop

COsMIC

_wetPrf

WMO_TempDrop

100+

200

300

500 +

800

1000

=120 -110 -100 90

-80

-700 -6 50 400 300 -2

Dewp oint(C)

-110 -100 -850

-80

-700 60 S50 40 30

Dewp oint(C)

=20

-10

Q

10

20

30

-110 -100 -850

-80

-700 60 S50 40 30

Dewp oint(C)

=20

-10

Q

10

20

30



Pressure(mb)
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Hurricane Ernesto - Dewpoint
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Case study: Hurricane Helene
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Dewpoint_at_500mb(2006092006-2006092011)
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Dewpoint_at_500mb(2006092018-2006092023)
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. Conclusions on COSMIC in hurricane environment
(with a limited data sample)
Temperature profiles in hurricane environment are reasonable;

provides tropopause and stratosphere information not available from
dropsondes

Dewpoint profiles in hurricane environment shows a moist bias in mid
and upper troposphere; low levels appear reasonable

Horizontal distribution is coarse, but temperature useful in data sparse
locations or between reconnaissance flights.

Dewpoint still requires more examination and (apparently) refinement.
Should still be useful, especially in dry regions.



Bonus slides (not used in talk)
but could be useful for questions



hitp:{fwww.meted. ucar.edu - FORMOSAT-3/COSMIC - Microsoft Internet Explorer

Section 2: Data Inversion
Radio Occultotion Refractive Index Overview
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n = ¢/ v, where ¢ = speed of light in a vacuum
and v = light velocity in atmosphere

N=10%(n-1)
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Refractivity Equation
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hitp:{fwww.meted. ucar.edu - FORMOSAT-3/COSMIC - Microsoft Internet Explorer

Section 2: Data Inversion
Vertical and Horizontal Resolution

42> A4+ HHEHEBOBRB
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Resolution across the ray: A

Ax ™ 1.5 km

Az ™~ 1.5 km above the troposphere

Az ™~ 0.1 km to 0.5 km in lower troposphere
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Click for more on horizontal resolution and the weighting function. @
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