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Central question: i

Environmental Research

Given the current and projected sampling of COSMIC & COSMIC-2
(i.e., about 2,000 and 5,000/10,000 global profiles/day),

what would the impact of 1-3 orders of magnitude more profiles from
a GNSS RO constellation be on severe weather forecasting?

That is, examine the potential of




Severe Weather Impact Study: el
RadiO OCCUItation Atmospheric and

Environmental Research

» The problem: severe wx forecasting needs improvement; more data density should help
» The approach: OSSE that adds GNSS-RO data to NWP and examine effect on severe wx
forecast
« WRF/DART ensemble data assimilation
» verify against Nature Run (i.e., “true”) 2-meter sensible weather and updraft helicity
» simulated GNSS-RO observations for a variety of constellations; 60 K—2.5 M
profiles/day globally
e payoff: quantify expected forecast improvements as a function of GNSS-RO data

CICERO-2.5M mission profiles density

Period: 1 hour

€ Approximate GNSS-RO
sampling over study domain
. for 1 hour, assuming
— a future constellation
that could produce up
to 2.5M global profiles/
day, e.g., approx. 1,200
icrosats.

Nprofiles = 766 Altitude [km]




Outline el

Severe Weather OSSE  (s) Envronmenta Resarch

Simulated CICERO data (Community Initiative for Continuing
Earth Radio Occultation) (4)

@ Vertical thinning of GNSS RO data (2
@ Analysis Impacts on water vapor (4)
Forecast Impacts (4)
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Simulating CICERO data (1/4)

Atmospheric and
Environmental Research

> transformation of real COSMIC -> simulated CICERO constellations




CICERO-60K profiles/day  (simulated)
Period: 1 hr
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CICERO-200K profiles/day  (simulated)
Period: 1 hr
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CICERO-2.5M profiles/day (simulated)
Period: 1 hour
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Vertical thinning

Vertical levels based on diameters of first Fresnel zone
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Analysis Impacts on water vapor (1/4)

Nature Run Water Vapor 1.25 km AGL (g/kg) 18 UTC May 31, 2013
.-t s

Source: AER and GeoOptics
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Note: Nature Run grid has a horizontal resolution of 2 km.
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e ———
Analysis Impacts on water vapor (2/4)

Control Water Vapor 1.25 km AGL (g/kg) 18 UTC May 31, 2013

alysis: AER and GeoOptics
= [ [ [ .
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Note: OSSE data assimilation grid has a horizontal resolution of 18 km.
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Analysis Impacts on water vapor (3/4)

Cntl+CICERO2.5M Water Vapor 1.25 km AGL (g/kg) 18 UTC May 31, 2013

o

Analysis: AER and GeoOptics

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00

Note: OSSE data assimilation grid has a horizontal resolution of 18 km.
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Analysis Impacts on water vapor (4/4)

Nature Run Control (no RO) Control + GNSS-RO
“truth”

Nature Run Water Vapor 1.25 km AGL (g/kg) 18 UTC May 31, 2013 Control Water Vapor 1.25 km AGL (g/kg) 18 UTC May 31, 2013

|_Cnti+CICERO2.5M Water Vapor 1.25 km AGL (g/kg) 18 UTC May 31, 2013

/|
Analysis: AER and GeoOptics

=T T T T
0.00 2.00 4.00 X 8.00 10.00 12.00 14.00 16.00 18.00

Analysis: AER and GeoOptics Analysis: AER and GeoOptics

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 22



e ———
Forecast Impacts (1/4)

Surface Sensible Weather

Ls 2-meter Temperature mean error
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Forecast Impacts (2/4)
Surface Sensible Weather
2-Imeterl' Dew;l.wint Tempgraturl'e mean error
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Forecast Impacts (3/4)
Vertically Integrated Quantity

CAPE mean error
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Forecast Impacts (4/4)
Vertically Integrated Quantities

L6 Maximum Updraft Helicity mean error
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Conclusions and looking ahead

 An OSSE to explore the impact of very large GNSS RO
constellations is nearly done.

* Focus is on severe weather impacts.

« First mesoscale, severe weather application/evaluation of RO
data.

« \ery positive results for tropospheric moisture analysis.

« Forecast results for this one case are overall positive.

« Currently finishing a broad validation across many variables.
« Currently writing a journal article for publication shortly.

* Hope to extend this work to evaluate impacts on a diverse set
of cases.

Thank you for your attention!
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