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Outline

* Updated RO data assimilation algorithms
* RO impact

« CWDP (DO-4)

* EUMETSAT Spire data

* Sentinel-6

* Hurricane analysis and prediction
* Future work
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=8 Background

Stricter standard QC and larger observation errors were implemented for C2 to enable
operational assimilation on May 26, 2020.

NOAA's global model raised from 64 to 127 vertical levels in March 2021 and new RO changes
were added, including two new stricter QCs.

These new QCs resulted in the rejection of a huge percentage (over 90% in the mid-lower
troposphere) of RO observations, including C2.

These stricter QCs were implemented to reject observations that resulted in data assimilation
issues (called “resets”).

The cause of these data assimilation issues were identified, and fixes were provided that
disabled the new stricter QCs responsible for the rejection of most of the observations in the
mid-lower troposphere. Fixes were implemented operationally in September 2021, and they are
discussed in this presentation.

Additional RO bug-fixes/improvements are currently under pre-operational testing.
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Before the Fixes

Huge rejection of RO observations in the mid-lower troposphere

Percentage of Data Rejected

Dec 16, 2020-Jan 15, 2021
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Example of two “problematic” observations before the fixes

These observations caused “resets” in the minimization — motivation for the new stricter QCs

Bending angle
shows larger
sensitivity to
changes in
temperature,
moisture, and/or
pressure
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Reasonable bending angle simulated values

Impact Height (m)
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These observations passed the standard quality controls and were assimilated, causing the RESET
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Model super-refraction detected in both cases

Observation #1 Observation #2
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Refractivity Gradient

In both cases, the “problematic” observations were located above (but very close to) the model super-refraction layer
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Interpolation issues in NBAM under SR

Observation #1
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All the refractional radius values in the new integration grid should be above the non-monotonic and shadow
sections because these observation are above the SR layer.

However, this is not the case. Some values are out of sync, resulting in out of sync interpolated refractivity
values. THIS IS A PROBLEM.
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Reason: wrong assigned location of
observation in model vertical grid

Observation #1 Observation #2
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Both observations are aliased to the lower section below the non-monotonic region, erroneously
locating these observations below the SR layer — and resulting in the associated problems with NBAM
| discussed earlier!
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Corrected location of observations in
NBAM after the fixes

Observation #1 Observation #2
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Corrected interpolated refractional radius and refractivity values
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Bending angle profiles after the fixes

Observation #1 Observation #2
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Observation #1 would pass standard QCs, and observation #2 would be rejected by standard QCs.

Sensitivity values after the fixes showed reasonable values as well.
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Larger number of assimilated observations after
implementing the fixes and deactivating the
stricter quality controls
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Larger number of assimilated observations below 5
km after implementing the fixes and deactivating the
stricter quality controls
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Metop Spire GeoOptics
00 UTC 29 March 2022

GNSSRO DO-4 Data Impact Experiments

Modeling system: GFS v16.1.6 with 80 ensemble members
Experiment period: 24 March — 25 April 2022

Percentage (%)

Observation: Delivery Order 4 for ~500 occultations per day from GeoOptics and for
~5,500 occultations per day from Spire Global (16 March 2022 through 16 January 2023).

Experiments: v16_ctl: Control run with GNSSRO DO-4 data
v16_do4: Data denial experiment without GNSSRO DO-4 data
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GNSSRO DO-4 Data Impact Experiments
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EUMETSAT Spire GNSSRO Data

Available since late April 2022
~ 1,100 profiles per day

e UCAR Spire e EUMETSAT Spire
00 UTC 10 May 2022

OMB/B from GSI Single Cycle Tests

Counts (Hundreds)
0 10 20 30 40
o I e M

5o EU Spire OMB/B Global

o

t He%ht (kg;\)

Impac
N N
o w

0 L 1 1 L 1 1 L L 1 I I 1 1 |

-5 0 5 10 15
Mean Value {%)

4 Cycles on 30 April 2022

EU Spire data shows RMS and Bias profiles comparable
to the operational Spire data
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Sentinel-6 evaluation (ongoing work)

Sentinel—6 Profile Distribution0—1000 hPg
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. Modeling system: GFS v16.1.6 with 80 ensemble members
. Experiment period: 24 March — 01 April 2022
. Configuration: Changes to GSI, sat. info, and BUFR data (gdasx) to
assimilate Sentinel-6
. Experiments:
o Control: operational configuration
o Sentinel-6: Control + S6 below 35 km
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Pre-HAFS work: Impact of C2 on HWRF Forecasts

Hurricane Laura: made landfall in western Louisiana as a Cat 4 on August 27, 2020

Assimilated COSMIC-2 Observations LAURA-C2 Assimilated COSMIC-2 Observations LAURA-C2
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Over 30,000 C2 observations were able to be assimilated by Most assimilated observations were a fair distance away from the storm
HWREF over a 3-day period before/after landfall center and located within the upper troposphere/lower stratosphere
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Impact of C2 on HWRF Forecasts

Track Comparision
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Improvements to the track forecasts were frequently Future work includes using NOAA’s next-generation hurricane model (HAFS) and
observed for many cycles, especially at lead times tuning the RO DA scheme to maximize the impact of RO data sources on TC
between 18-60h analysis and forecasts
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i Ongoing & Future work @

* Improve RO data assimilation algorithms for global and
hurricane applications

* Forward operator
« Quality control
* Observation error

* |Impact studies with current and new RO data sources

* Observing System Simulation Experiments (OSSEs) to
iInvestigate RO saturation levels.
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