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NOAA STAR GNSS RO Science and Data Center (SDC) has developed a new dry temperature
monthly zonal mean climatology (MMC) in UTLS (8-30 km) from September 2006 to July 2023
based on multi-RO missions processed by NOAA STAR SDC.

Assessment of the consistency among RO missions shows COSMIC-2 has a positive bias relative to
other missions. COSMIC-2 is excluded from the construction of STAR-ROPP MMC.

COSMIC-2 data has been applied to the study of weather forecasting and climate monitoring. It is
essential to understand the causes of its systematic difference.

Preliminary analysis of the possible causes of COSMIC-2 systematic differences:
= Effects of solar activity

= Effects of RO plane direction

Summary
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Dry temperature difference between collocated
RO missions at 20-30 km
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COSMIC-2 Bias against Other Missions

* Use Metop (Metop-A, -B, and -C) as a reference:
o Cover 2006 to the present
o Same receiver (GRAS)
o Stable LEO satellite altitude (~820 km)

* Collocation criteria:

time difference <30 min

horizontal distance < 150 km at 19 km of TP

* Above 20 km, COSMIC-2 has positive bias relative to Metop:
o bias in the Tropics increases with time
o higher bias (~0.3 K) in mid-latitudes.
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Impact of C

MIC-2 Systematic Difference on

Temperature Trend Estimation

Vertically resolved temperature trends
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COSMIC-2 positive bias against other missions can

increase the temperature trend above 20 km, up to 0.1
K/Decade at 30 km, exceeding GCOS required
measurement stability (0.05 K/Decade).

Removing COSMIC-2 makes the temperature trend cooler
in the lower stratosphere.

COSMIC-2 is excluded from the STAR MMC construction.
What causes COSMIC-2 systematic difference?

Why the systematic difference is higher in the mid-
latitudes?




t Solar ctivity

Approach: Separate RO minus ERA-5 into daytime and nighttime events, calculate bias and stdv respectively
Daytime: 11:00-15:00 local time

Nighttime: 2:00-6:00 local time (Following separation criteria in Danzer et al., 2013)
. Daytime | Day-Night |
COSMIC-2 relative to ERA-5 at 10 hpa o .
p — Nighttime F10.7 index
45°N-20°N . 20°N-20°S . 20°S-45°S s
_ z(a) 2.0 % _ ; . % _ ;(a) 2.0 %
= OAQ%/\/\’\,_—/\/C,;/\NLO = = = S0 0=
S -1 :ZI S -1 Z. S -1 Z.
= e Za z =2 /)&
3503001 2020-07 203101 202107 202201 202207 202301 2023090 = -3 =} 3502001 2020.07 2021-01 2021207 202301 2092202501 2075070 =
6 6 6 1200
5 SGD) 5
—_ —~ o) 150
2, ¥, =% 00
53 53 53
) ) A, 50
12020—01 2020-07 2021-01 2021-07 2022-01 2022-07 2023-01 2023—09 12()20—01 2020-07 2021-01 2021-07 2022-01 2022- 12020—01 2020-07 2021-01 2021-07 2022-01 20227
6000 © 6000(c)
T+ = =
% 4000 ‘o_; 15000 % 4000
= = g
& 2000 S 10000 3 2000
2020-01 2020-07 2021-01 2021-07 2022-01 2022-07 2023-01 2023-07 2020-01 2020-07 2021-01 2021-07 2022-01 2022-07 2023-01 2023-07 2020-01 2020-07 2021-01 2021-07 2022-01 2022-07 2023-01 2023-07

* Deviation between daytime and nighttime O-B increases with time and show seasonal variation.
* COSMIC-2 is susceptible to solar activity.
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* COSMIC-1 went through the 24 solar cycle.

* No obvious difference is found in the daytime and nighttime bias/standard deviation.
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Effts Solar Act1ty
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 COSMIC-1 is not impacted much by solar activity.
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 Effects of RO Plane Direction
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N » Previous studies show that the asymmetry in ionospheric
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- L—;{;* electron density along ray path about perigee can:
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Global distribution of the vertical total electron content
(VTEC) at 12:00 UTC on 15 July 2008 (NeUoG)
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The ionospheric electron density as a funcrion of altitrude over Gowtam et al. 2019

Indian longitude during March equinox at 12:00 Hrs. as simulated by ANNIM.
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COSMIC-2 RO plane direction (2022)
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COSMIC-1 RO plane direction (2014)
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Metop RO plane direction (2014)
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COSMIC-2 RO planes in mid-latitudes are mostly
along latitudinal direction.

The latitudinal ray paths go through larger electron
density gradient due to equatorial anomaly, leading
to higher RIE.

For other missions, the RO plane direction 1is
randomly distributed.

COSMIC-2 higher positive systematic difference in
mid-latitudes may be caused by its special plane
direction.




NOAA STAR GNSS RO SDC has developed a new monthly zonal mean climatology
(MMC) in UTLS from September 2006 to July 2023 based on multi-RO missions.

COSMIC-2 is excluded from the construction of STAR-ROPP MMC because of its positive

bias relative to other missions.

Preliminary analysis of COSMIC-2 systematic differences shows that:

= Compared to other missions, COSMIC-2 is more susceptible to solar activity;

= The higher positive bias in the mid-latitudes may be caused by its special RO plane
direction.

The results need to be further verified and quantified through the end-to-end simulations.

Other factors in the RO retrieval chain may contribute to COSMIC-2 systematic differences
and need to be investigated.
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Questions?

jzhoul28@umd.edu

Disclaimer: The scientific results and conclusions, as well as any views or opinions expressed
herein, are those of the authors and do not necessarily reflect those of NOAA or the
Department of Commerce.
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