ata and GPS
servations

Rick Anthes, UCAR President
Unidata Users Workshop

Using Operational and Experimental
Observations in Geoscience Education

8 June 2009
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a Glance

‘ _ ortium of 75 North American
-~ universities and a national laboratory (NCAR)

»—1450 Staff — 200 Scientists
=50t Anniversary in 2010!

= Science, computational and observational
facilities, huge data sets, high-end

numerical models of the sun, atmosphere,
oceans, coupled climate system
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GLOBE Partners
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Unidata Institutions




DSIVIIC (Constellation Observing System for

Meteorology, lonosphere and Climate)

e Joint Taiwan and US project
e NSF is U.S. lead agency
— NOAA, NASA, Air Force, Navy
e 6 Satellites launched April 14, 2006
e Three instruments:
— GPS recelver, TIP, Tri-band beacon
e Global observations of:
— Refractivity
— Pressure, Temperature, Water vapor
— lonospheric Electron Density

e Demonstrate quasi-operational GPS limb sounding with global
coverage in near-real time
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- " HYPERSPECTRAL SOUNDING

First results from
COSMIC/
FORMOSAT-3
Published in
Bulletin of
American AN ATMOSPHERIC SOUNDING REVOLUTION

Meteorological
Society,
March 2008




Progression of Tangent Point for a Setting (desending) Occultation

Tangent point

Limb sounding of atmosphere
as LEO rises or sets with
respect to GPS satellites
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Global observations of:
Pressure, Temperature, Humidity
Refractivity
lonospheric Electron Density
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ccultation (RO) Data

limate

—  Monitor climate change and variability with unprecedented accuracy-
world’s most accurate, precise, and stable thermometer from space!

— Evaluate global climate models and analyses

— Calibrate infrared and microwave sensors and retrieval algorithms

« Weather

— Improve global weather analyses, particularly over data void regions such
as the oceans and polar regions

— Improve skill of global and regional weather prediction models

— Improve understanding of tropical, mid-latitude and polar weather systems
and their interactions—research case studies

- lonosphere and Space Weather
— Characterize global electronic density distribution
— Monitor 1onospheric scintillation

— Observe the interactions among the upper stratosphere, mesosphere and
ionosphere

Ny% l—J éﬂﬁe the analysis and prediction of space weather.



aristics of GPS RO Data

« Limb sounding geometry complementary to ground and space nadir
viewing instruments

» Global 3-D coverage 40 km to surface

« High accuracy (equivalent to <1 K; average accuracy <0.1 K)

« High precision (0.02-0.05 K)

« High vertical resolution (0.1 km surface — 1 km tropopause)

« Only system from space to resolve atmospheric boundary layer
« All weather-minimally affected by aerosols, clouds or precipitation
« Independent height and pressure

« Requires no first guess sounding

* Independent of radiosonde calibration

» Independent of processing center

* No instrument drift

« No satellite-to-satellite bias

« Compact sensor, low power, low cost

Wiz
2< UCAR
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Temperature profiles near England
At about 95-4-25:00:00 UTC
| 8 107 T
GEJ_ —«— Occultation at 52.6N. 355 E.
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T e Radiosonde at 54.5 N. 353.9 E.
5 k3 :
= : ;‘f) o Radiosonde at 53.5 N. 357 E. :
100 T €£ i
1 et
:I.(\"‘Clm
o i
wmﬂcﬂ*ﬂu
,!:JJJD ]
£ D00 oy, :
1000 - | | | Qiom
200 220 240 260 280 300
Temperature, K

A typical RO sounding showing very tropopause. No other instrument
from space provides such high vertical resolution.
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ults So Far from
COSMIC
eneral

High accuracy, precision and vertical resolution demonstrated

Inexpensive, all weather soundings
1000 registered users from 45 countries
Free and open data policy

Only space system to give information on ionosphere,
stratosphere and troposphere

Weather analysis and prediction:

80% observations available within 3 hr
Significant positive impact on skill scores of operational NWP

Large impact in individual forecasts (e.g. Hurricane Ernesto
2006)

Unbiased, good “anchor” for radiance assimilation
Observatlons of troplm ary layer from space for 1% time




S So Far from
COSMIC

* Climate:
— Calibrate longer-term MSU/AMSU data

— Calibrate SSM/I water vapor retrievals

— Compare well with CHAMP-no satellite to satellite bias

— No difference in processed results from four independent
centers

 Ionosphere and space weather:

— Vertical structure of ionosphere

— Verify 1onospheric models

— Discovery of new 1onospheric features (e.g. plasma caves)
— QObservations of scintillation

g = -~ i,
-
s




MIC measurements into ERA-
terim (Dec 12, 2006)

1112 (DA): TEMP-T 100 hPa Southern Hemisphers Lsed data
St dev. and bias (K) OB-FG (red) OB-AN (blue)
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recent Iimpact

cores (the higher the

— cnt (operations - with

COSMIC) B [ \\
— exp (updated RO 055102 o N

better) as a function of the AVERAGE TR 0z zoMAR 2008 . (oZs0PR200s
forecast day for the 500 mb o
gph 1n Southern Hemisphere = 00/
* 40-day experiments: E o
— expx (NO COSMIC)
g 0.70 1
£

*— exp

assimilation code - with N L
COSMIC) |
« Many more observ__atiqﬂg@@‘-""d

—

1 N COSMIC provides 8 hours of gain in
el AL 8 model forecast skill at day 4!!!!

— :-g 10N O




over the oceans from COSMIC RO

n sub-tropics - no pronounced ABL top in ITCZ
depth toward west coasts of continents
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S laku (2008) Track with
om Hui Liu, CISL/IMage)

GPS

Ensemble forecasts from 00UTC 11 Sept, CTL Ensemble forecasts from 00UTC 11 Sept, CTL




of COSMIC on Hurricane
Ernesto (2006) Forecast

With COSMIC Without COSMIC
. 7 — ’ ; | > s ’ " e 4

.... L T T

Nz Results from Hui Liu, NCAR
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Hurricane
Ernesto (2006) Forecast

With COSMIC GOES Image
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IEERERHORSONGPS RO for climate studies

COSMIC calculated Brightness Temperature (K)

Can we use RO data to calibrate other instruments ?
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e quality of radiosonde data

Radiosonde stations (upda

ted 11/1996-2/2000)
BE| :I:[:!!'f.i

b

Region Sonde Matched
& Type Sample
Russia AVK- |[2000
B MRZ | (20%)
: 650
China | Shang (6.1%)
600
USA | VIZ-B2 (5.9%)
: 3140
Others | Vaisala (30%)
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CDAAC Field Experiment Interface for Mission COSMICRT

d campaigns
ar-real-time

CDAAC Field Experiment Interface for Mission COSMICRT

Select Experiment: | TIMREX Skew-T FPlots

|2 [ submit

TIMREX Skew-T Plots 2] [ submit |

Select Experiment:

Time Window (hours):

Click on occultation to access TIMREX Skew-T FPlots
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¥ Data Opportunity COSMIC - Mozilla Firefox
ile Edit Wiew History Bookmarks  Tools  Help
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Opportunity for Radio Occultation Data

ast summer, Unidata and COSMIC (UCARMIOR programs], surveyed the Unidata community regarding COSMIC data. Cwer 930% of the respondents indicated interest in receiing the data
sing Unidata LOM data distribution technologies.

he FORMOSAT-3 COSMIC satellite mission provides up to 2 500 radio occultation observations on vertical profiles of atmospheric air density, temperature, and water vapor as well as
nospheric electran density per day. Follow this link for additional information about the data.

Yorking collabaratively with COSMIC and Taiwan's FORMOSAT-3 project, we now have a path for you to follow to receive the data for education and research purposes.
teps to take to receive the data using LDM technology.

Inidata has enhanced IDV and GEMPAK visualization and analysis software to use with the data. Unidata Support supponti@unidata.ucar edu will field questions from the Unidata communit
ertaining to their technologies.

Inidata: hitp:/Awwerr unidata. ucar edu/
JOSMIC: http: i cosmic.ucar. eduf

thcda ey
ormmunity Senices, Unidata

Search Termz and Conditions ivacy Palicy Participation Policy

PROGRAMS sponsored by the National Science Foundation.

v;"c.ifr-, % UCAR COMMUNITY Linidata is a member of the UCAR Comrunity Frograms, is managed by the University Corporation for Atmospheric Hesearch, and is
o s P.0. Box 3000 +« Boulder, CO 80307-3000 USA « Tel 303-497-8643 « Fawx 303-497-3690
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12 micro-satellites tracking
three navigation systems:
GPS, GALILEO, and
GLONASS.

8 satellites on 72°
inclination, and 4 satellites
on 24° inclination,
enhancing tropical
observations.

Will produce 14,000
soundings per day.

Comparison of sounding
distribution over three hour
periods between COSMIC
and COSMIC-Il is shown.

COSMIC Occultations: 3 hours
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