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Introduction

* Bending ang

e bias: it has been shown that >80% of COSMIC-2

observations under 2km failed the QC in DA process due to sizeable

bending ang

e biases, and Higher SNR (>1000 V/V) of COSMIC-2 does

not improve the biases below 2 km

* Top recommendation from IROWGO08: “understanding the sources of
uncertainty in RO profiling of the lowermost troposphere/PBL”

* Error source:

Measurement

* Instrument Noise

* Vertical smoothing

* Sampling bandwidth

* Receiver tracking model bias
* Atmospheric turbulence



Bending O-A (COSMIC2 2020-04 ~ 2020-05)

Negative bias > 8% at 1 km
even in strong SNR cases
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Bending O-A (COSMIC2 2020-04 ~ 2020-05)

* COSMIC2 — NCEP: 1 km

Significant bending difference
in subtropical regions
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BA Bias Analysis with End-to-End Simulations

* 2020-01-04-14:52c2f6_gps53 [-4.8, -11.3]

* Monte-Carlo approach: 50 runs with
different noise realizations and calculate
the mean bending
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Effects of SNR & Vertical Smoothing

* Smaller SNR -> Larger BA bias near peak

* More vertical smoothing -> Larger BA bias near peak

W
I

20 m smoothing

Turbulence factor: 0

impact Height (km)
NN W W W W
Fes) w0 o = ) W
[ 1 1

%)
-
1

— 500 VN
— 1000 Vv
1500 Vv
— 2000 V/V
— Inf WV
—— Truth

T
0.02

T T T T T
0.03 0.04 0.05 0.06 0.07 0.08
bending (rad)

0.09

impact Height (km)

200 m smoothing

Turbulence factor: 0

W
[

w
o

%)
o
1

%)
o
1

2.7 1

2.6

— 500 V/V
— 1000 W/
1500 v/
— 2000 W/
— Inf WV
—— Truth

0.01

0.02

0.03 0.04 0.05 0.06 0.07 0.08
bending (rad)

0.09



impact Height (km)

Effect of Tracking Model Bias

* Larger tracking bias -> Larger BA bias near and below the peak

0 Hz Tracking Error
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Effect of Sampling Bandwidth

* Higher sampling rate -> smaller bias caused by 8Hz tracking error
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Turbulence in MPS simulation

* Generate N perturbation for each screens
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Effects of Turbulence

* Higher turbulence level -> larger bias near and below the peak
* Turbulence decreases the SNR sensitivity at the peak
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Effect of Model under turbulent condition

e Larger tracking bias -> Larger BA bias below the peak
* BA bias sensitivity to the SNR can be observed below the peak, but

not within the peak
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Effect of Sampling under turbulent condition

* Higher sampling rate -> smaller bias caused by 8Hz tracking error
* Higher sampling rate cannot improve the bias at the peak
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Summary

* The MPS simulation is able to reproduce the negative bending angle
bias w.r.t NCEP analysis in high refractivity gradient regions

* Turbulence dominates the bending angle retrieval error in high
refractivity gradient altitudes, but higher SNR, higher sampling rate,
and lower tracking error significantly reduce the bias below the
critical height

* Signal-to-noise ratio matters! But it’s not the only thing matters.
Turbulence, sampling rate, tracking error, smoothing, and cut-off
strategy all contributes to the bending bias in the lower troposphere.
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Forward Operator for Ducting

* Separate the Abel integral

m Tt @ dr dlnn
a(ag) = —2a J + f + J . [Ao et al, 2007] [Xie et al, 2006]
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Forward Operator

* ROPP approach [Healy and Thepaut, 2006]

* When the N decreases with height: Assuming the refractivity profile is
exponential between each levels

Aa = 1075,/ 2ak; N;exp(k; (x; — a)) [erf (\/ fei (x — “))]
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 When the N increases with height: Assuming the refractivity gradient is
constant between each levels
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Bias determination using only the data
* By fitting on the impact parameter domain the edge of the local
spectrum can be detected.

 Comparing the bound and PM solution one can determine if the
bending retrieval is biased
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BA Bias Analysis with End-to-End Simulations

* A multiple phase screen (MPS) forward simulation and phase
matching (PM) BA retrieval are used to analyze the bending bias

* Monte-Carlo approach: 50 runs with different noise realizations and
calculate the mean bending
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Impact Height

Bending angle actual cases

* Individual cases (large peak BA vs small peak BA)

16 4

14 -

12 4

10

2020-01-04-14:52c2f6 gps53.icl.ct.gz

— L
NCEP
—— CDAAC

T
0.005

T T T T T T T
0.010 0.015 0.020 0.025 0.030 0.035 0.040
Bending

Large bias when strong peak Bresents

14

12 ~

10 ~

2020-01-04-13:45c2f2 gps56.icl.ct.gz

— JPL
NCEP
—— CDAAC

= |
o=

T T T T T T T
0.005 0.010 0.015 0.020 0.025 0.030 l 0.035

No clear bias if bending maximum < 0.04 rad



Turbulence distribution

 Turbulence level as functions of altitude
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impact parameter(km)

MPS simulation

* Noise ( 600 V/V w/ 20m smoothing)

* Bending bias at the peak shows up when noise is applied
* This is mainly due to noisy phase or cycle slip in the impact parameter domain
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Bending O-A (COSMIC2 2020-04 ~ 2020-05)

e COSMIC2 — NCEP: 1 km (max bending < 0.04 rad: 15% cases removed)
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Turbulent and non-turbulent spectrums

* MPS case — overlap of energy spectrum
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