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Motivation: Assessment of Spire data

Total occultation counts from missions on orbit

SPIRE, 12/18/2021 to 01/15/2021
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Q. Does higher Signal-Noise-ratio RO data provide
smaller observation errors

Q. Does higher Signal-Noise-ratio RO data provide
improved retrieval Results ?

Q. How to optimize RO data in the numerical weather
forecast (NWP) system through data assimilation ?

Q. How to best use commercial weather RO data in
the NCEP NWP system?
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Challenges for assessing RO data quality
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Outlines

1. Motivation

2. Approaches
Using STAR GNSS RO Processing and Validation System to

Quantify SPIRE data
SRO approach to compare COSMIC-2 and Spire data

3. Error estimation: Does higher Signal-Noise-ratio RO data provide

smaller observation errors?

Penetration
Precision

4. Comparisons to ERA-5 and Radiosondes: Does higher Signal-
Noise-ratio RO data provide improved retrieval Results ?

5. PBL height detection using Spire and COSMIC-2

6. Conclusions



2. NOAA STAR GNSS RO processing and validation System
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Rg;ciamilation Multi-sensor Validation System (ICVS) for RO Data Processing
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https://lwww.star.nesdis.noaa.gov/smcd/GNSSRO/RO/index.php

To better quantify how the observation uncertainty from clock error and
geometry measurements may propagate to bending angle and refractivity profiles,
STAR has developed the GNSS RO Data Processing and Validation System.
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1. RO processing

1) B. Zhang, S.-P. Ho, C Cao, X Shao, J Dong, Y Chen, Verification and Validation of the COSMIC-2 Excess Phase and Bending Angle
Algorithms for Data Quality Assurance at STAR, Remote Sensing 14 (14), 3288.

2) Ho et al., Processing and Validation of COSMIC-2 temperature and water vapor profiles at STAR, Remote Sensing (2022_07)

2. RO data applications and long-term monitoring

3) Ho et al., Using Radio Occultation Data for Atmospheric Numerical Weather Prediction, Climate Sciences, and lonospheric Studies
(IROWG08 meeting summary. Submitted to BAMS)

4) Mears C., J. Wang, S.-P. Ho, L. Zhang, and X. Zhou (2022), Total Column Water Vapor, [In “States of the Climate in 2021]. Bul. Amer.
Meteor. Sci., (in press).

5) CCH Lin, SC Yang, S.-P. Ho, NM Pedatella, Introduction to the special issue on Exploring the terrestrial and space weather using an
operational radio occultation satellite constellation-A FORMOSAT-7/COSMIC-2 Special issue , Terrestrial, Atmospheric & Oceanic Sciences
32.

6) V Kumar, SB Prasad, KK Reddy, SK Dhaka, RK Choudhary, MV Reddy, S.-P. Ho,Temperature Perturbations in the Troposphere and Lower
Stratosphere Over a Semi-arid Region During the 2010 Solar Eclipse, Pure and Applied Geophysics, 1-13.

7) R lacovazzi, Q Liu, X Zhou, S Kireev, N Sun, S.-P. Ho, COSMIC-2 soundings impacts on a RO-based NOAA microwave satellite data
quality monitoring system, Terrestrial, Atmospheric and Oceanic Sciences 33 (1), 1-25.

8) Xi, Shao, S.-P. Ho, the global water dataset constructed from COSMIC, ACP.

3. Multiple sensor validation

9) Ho., S.-P., et al., Using Simultaneous Radio Occultation Approach to Assess the Precision, Stability, and Accuracy of Spire and COSMIC-2
Neutral Atmospheric Products in the Lower Stratosphere and Troposphere, Remote Sensing.

10) Y Chen, X Shao, C Cao, S.-P. Ho, Simultaneous Radio Occultation Predictions for Inter-Satellite Comparison of Bending Angle Profiles
from COSMIC-2 and GeoOptics, Remote Sensing 13 (18), 3644.

11) X Shao, S.-P. Ho, B Zhang, C Cao, Y Chen , Consistency and Stability of SNPP ATMS Microwave Observations and COSMIC-2 Radio
Occultation over Oceans, Remote Sensing 13 (18), 3754.

12) X Shao, S.-P. Ho, B Zhang, X Zhou, S Kireev, Y Chen, C Cao, Comparison of COSMIC-2 radio occultation retrievals with RS41 and RS92
radiosonde humidity and temperature measurements. Terrestrial, Atmospheric & Oceanic Sciences 32.

13) Y. Chen, C Cao, X Shao, S.-P. Ho, Assessment of the Consistency and Stability of CrlS Infrared Observations Using COSMIC-2 Radio
Occultation Data over Ocean, Remote Sensing 14 (11), 2721.

4. RO NWP impact study

14) Will, Miller, Y. Chen, S.-P. Ho Evaluating the Impacts of COSMIC-2 GNSS RO Bending Angle Assimilation on Atlantic Hurricane Forecasts
Using the HWRF Model, Monthly Weather Review (submitted).
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Spatial and temporal distribution of the RO
measurements for different RO missions
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3. Data quality assessment : SPIRE Precision
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There are 20 satellites in SPIRE constellation in DO-3 period.
Here display S119 and S128 receivers where they are only 20 mins and 300 km apart.
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Table 1. The lowest penetration height of 80% of the total data for

COSMIC-2 and SPIRE matched pairs at different latitudinal zones, over
ocean only
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4. Comparisons to ERA-5 and Radiosondes

Comparison to ERA5, in SPIRE-COSMIC2 pairs locations (10min, 200km with the same
GNSS satellite )
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4. Comparisons to ERA-5 and Radiosondes

Comparison to ERAS5, in SPIRE-COSMIC2 pairs locations (10min, 200km with the same
GNSS satellite, over ocean, in 4 lat bands)
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Retrieval Accuracy
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SPIRE vs. Vaisala RS41 within 2 hours and 300 km are collected.

Heignt, Km
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5. PBLH from Spire and COSMIC-2 using minimum
gradient (MG) approaches

Gradients of Refractivity (N unit/km) Refractivity éN unit)
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(black); (c) the vertical profiles of the bending angles and refractivities. The MBLHg 4 (horizontal black line), MBLH y (horizontal red

line), and MBLHR' (horizontal green line) are also shown.
Ho, S.-P., et al., (2015), Marine Boundary Layer Heights and Their Longitudinal, Diurnal, and Interseasonal Variability in the

Southeastern Pacific Using COSMIC, CALIOP, and Radiosonde Data. J. Climate, 28, 2856—2872.
doi: http://dx.doi.org/10.1175/JCLI-D-14-00238.1. 14
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5. PBLH from Spire and COSMIC-2 using minimum

gradient approaches
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PBLH from Spire and COSMIC-2
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6. Conclusions

The Percentage Bending Angle Difference of COSMIC2 Relative to ERA5 on 1000m Height

Total occultation counts from missions on orbit
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« SPIRE data quality are very similar  The SPIRE data are of similar quality

to those from COSMIC-2 (mean difference and standard deviation

« COSMIC-2 observation errors comparing to ERA-5 and RS41) as COSMIC-2
seem slightly larger than those The scientific results and conclusions,
from other RO missions as well as any views or opinions expressed

« The penetration of SPIRE data are herein, are those of the author(s) and do not

necessarily reflect those of NOAA or the
Department of Commerce.

also close to those from COSMIC-2

Email to shu-peng.ho@noaa.qov if you have any questions 17
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