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Two main lines of cooperation:
Ajoint papers (on specific processing-related key issues to be solved)

Aadvice & expert meetings (~1-day review/advice meetings at WEGC)
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We must solve the global climate monitoring problem
with benchmark datat ec hni gques si nceée

ét hese unique data serve as funda
reference standard to atmosphere and climate science & services,

motivation 1: monitz)rthe climate

and more specifically, three major reasons:

A torigorously observe and learn, independent of models, how
weather and climate variability and change evolve, over weekly,
monthly, seasonal, interannual, and decadal scales

A totest and guide the improvement of weather and climate models
and thereby enhance their predictive skills for estimating future
weather and climate

A to use the data as accurate observational constraints for natural
and anthropogenic climate change detection and attribution

e = = | .fromthe9fihi gh priority moteiatse HCEROOkrepbri o n O
(Summaryfor Pollcymakers IPCCWG |, p 17) - still valld 15 years later in 2016




motivation 2: help solve with rOPS * 9 three views, one goal UNI

*rOPSeReference Occul tation Processi

Addressthedecades-l ong demand by I PCC, WCRI

AAccurate long-term, consistent data, traceable to S| standards and
providing a benchmark, are the backbone of contemporary climate
science. =>rOPS: provide it for atmospheric thermodynamic ECVSs.

Addr ess WEGCO s resgaech questidn#In(gom its
research strategy 2016-2020), for thermodynamic ECVs:

AHOW can we solve the global climate monitoring problem for the
fundamental state of the atmosphere as imprinted in the most
basic variables such as temperature and water vapor?
=>rOPS: solve itfor (L. D, a. N,)r. p, (Z,.) T, tropospheric g.

Address Rick Anthes6 c¢cl ai m t hat he emphasi ze
OPAC-IROWG 2013 and IROWG-4 2015, expanded to tropo.humidity:

/AnGNSS radi o occultation i s the mos
thermometer & hygrometer from space. > rOPS: prove it for T, tropo.q




GNSS RO & does it prowde the propertles needed?
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Which properties need such benchmark datato

have and can GNSS RO provide these?

Key properties:

A
A

long-term stable (over decades and longer)

accurate (traceable to S| standards)

PARTS PER MILLION

Atmospheric CO, at Mauna Loa Observatory

I Scripps Institution of Oceanography

NOAA Earth System Research Laboratory

" (the icon of climér
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A globally available (all weather, same above land and oceans, etc.)

A

measure sensitive indicators of atmosphere and climate change, in

a physically consistent manner, in particular:

=> GCOS Essential Climate Variables (ECVSs) (in the atmosphere:

temperature, water vapor, wind, greenhouse gases, etc.)
[e.g., GCOS Guideline, GCOS-143(WMO/TD No.1530), May 2010]

GNSS RO can provide such datafor thermodynamic core ECVs over

the (free) troposphere and stratosphere (i.e., TBL upwards).




GNSS RO dthe prlnC|pIe and the promise

) m) \ W t—,gr;rener (,»—u R
L1, L2 radio signals (I @20 cm) Py Asetting & rising RO events in an
L AT active limb sounding geometry

(occultation geometry) exploit the

Aatmospheric refraction of two
GNSS L-band signals, providing

Transmitter

GPS ) _
Aself-calibrated measurements of
excess phase path L / Doppler
shift D traceable to universal time
(Sl second) for the retrieval of
, Abending angle & and in turn key
RO Recelver _ _
in LEO atmé&clim variables (core ECVs)
RO missions in Low Earth Orbit (LEO) so far: refractivity, air denSIt_y N, Z,
GPS/Met (demo1995-97); CHAMP (2001-08), SAC-C, pressure, geopot.heightp, Z

GRACE-A, F3/COSMIC, MetOp-A/-B, TerraSAR-X , é temperature, tropo.humidity T, g.

The RO promise for climate (and beyond) i unique combination of:
+ high accuracy & long-term stability (from Sl traceability), at high
vertical resolution; reqgular, all-weather global coverage;
=>bench-qual reference processing needed to really meet the promise=>rOPS.




(Fig. courtesy: InsideGNSS (top), UCAR Boulder (right), 2015) E
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FORMOSAT-3 Occultations — 3 Hrs Coverage
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‘é and fort uthe®kO data ylow vastly expands 2017+ Z on
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Projections show about-10-fold increase until 2020
AOps RO (COMBMIGPOEEY &8s remai n
A New private/public Nanosat RO constellations heavily add

>20k/day by 2020
(2017-2020)

(Fig. courtesy: B. Angerer & F. Ladstadter/WEGC, 2016)
=>state-of-the-art multi-sat ref. data capability needed to cope with=>rOPS.
|OPAC -IROWG2016, OPS Pres, SeggaulLeibnitz, 12Sep2016




