
Atmos. Meas. Tech. Discuss.,
doi:10.5194/amt-2017-145-AC2, 2017
© Author(s) 2017. This work is distributed under
the Creative Commons Attribution 3.0 License.

Interactive comment on “Wave-optics uncertainty
propagation and regression-based bias model in
GNSS radio occultation bending angle retrievals”
by Michael Gorbunov and Gottfried Kirchengast

Michael Gorbunov and Gottfried Kirchengast

gorbunov@ifaran.ru

Received and published: 11 September 2017

See the attached PDF file and Figures 3 and 8 from the revised version of the paper.

Please also note the supplement to this comment:
https://www.atmos-meas-tech-discuss.net/amt-2017-145/amt-2017-145-AC2-
supplement.pdf

Interactive comment on Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2017-145, 2017.

C1

Longitude, [deg]

La
tit

ud
e,

[d
eg

]

-180 -120 -60 0 60 120 180
-90

-60

-30

0

30

60

90
Mean

1.4
1.2
1
0.8
0.6
0.4
0.2
0

-0.2
-0.4
-0.6
-0.8
-1
-1.2
-1.4
-1.6
-1.8
-2
-2.2
-2.4
-2.6
-2.8
-3
-3.2
-3.4
-3.6
-3.8
-4
-4.2
-4.4
-4.6
-4.8
-5
-5.2
-5.4
-5.6
-5.8
-6

Figure 3. Deviation statistics obtained for real RO data: latitude-longitude map of inversion statistics of COSMIC observations relative to

ECWMF profiles without fluctuations, for refractivity at altitude of 0.6km. Results are shown for COSMIC events and concurrent ECWMF

analysis fields from the 1st, 11th, and 21th day of every month of year 2008.

troposphere). We write the over-determined system of equations,

yi =
∑

j

αjϕj (xi)≡
∑

j

αjKij , (1)

Kij = ϕj (xi) , (2)

or in the vector form,

y = K̂α. (3)5

This system has a pseudo-inverse solution, i.e., the vectorα that minimizes the discrepancy

(
y− K̂α

)T (
y− K̂α

)
= min (4)

is obtained as the least-squares solution of this overdetermined problem in the form

α =
(
K̂

T
K̂

)−1

K̂
T
y. (5)
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Fig. 1.

C2



Longitude, [deg]

La
tit

ud
e,

[d
eg

]

-180 -120 -60 0 60 120 180
-90

-60

-30

0

30

60

90
Mean

1.4
1.2
1
0.8
0.6
0.4
0.2
0

-0.2
-0.4
-0.6
-0.8
-1
-1.2
-1.4
-1.6
-1.8
-2
-2.2
-2.4
-2.6
-2.8
-3
-3.2
-3.4
-3.6
-3.8
-4
-4.2
-4.4
-4.6
-4.8
-5
-5.2
-5.4
-5.6
-5.8
-6

Figure 8. Deviation statistics based on original BLB-corrected bending angles:: latitude-longitude map of inversion statistics of COSMIC

observations relative to ECWMF profiles without fluctuations, for refractivity at altitude of 0.6km. Results are shown for COSMIC events

and concurrent ECWMF analysis fields from the 1st, 11th, and 21th day of every month of year 2008.

profiles, we found it needed to implement a BLB model with a very flexible functional behavior in order to reliably serve its

purpose.

We therefore have chosen a versatile empirical regression modeling approach and found suitable predictors of the BLB in

lower tropospheric bending angle, including: bending angle and its standard deviation, CT amplitude and its fluctuation index,

impact altitude and its trigonometric functions, and trigonometric functions of latitude. Degrees and cross-products of these5

predictors were used to form a set of flexible adaptive functions that served as basis for the BLB model, which was then

obtained by regression to a large ensemble of COSMIC and ECMWFprofile differences. Also a simple (residual) systematic

uncertainty model was formulated, applying to the bending angles after BLB correction. For any given RO event, the BLB

model profile can be computed based on the predictors that purely depend on the event location and the characteristics of the

bending angle and CT amplitude profiles.10

Together with the linearized wave-optics (random) uncertainty propagation approach described by

Gorbunov and Kirchengast (2015) we used the new approach to formulate the algorithmic sequence for wave-optical

retrieval of bending angles from excess phases including consistent BLB correction and associated random and systematic

unceratainty propagation. Evaluating the consistency of the BLB-corrected bending angles and their asssociated retrieved

refractivities we achieved a successful basic validation of the new procedure: we found that the BLB correction delivers15
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