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FIGURE 1: (Observed - Background)/Background refractivity.
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FIGURE 2: Improvement vector all profiles

Introduction Wave optical retrieval of GPS RO profiles are known to give a better estimate of bending angle and
refractivity profiles in the lower troposphere than geometric optics can provide. Here we analyze the GRAS raw sampling
dataset from METOP from October 2007, with good representation of the lower troposphere. We process all profiles in the
-30 to 30 deg. latitude range with both the wave optics and geometric optics methods. The resulting refractivity profiles
are inverted to temperature, humidity and surface pressure state vectors by using the 1D-Var method, with background
states interpolated from the ECMWF forecast. In order to describe the difference in performance of wave optics versus
geometric optics we investigate standard information measures to quantify the partitioning of information from observation
and background data in the solution profiles.

1D-Var 1D-Var minimizes the costfunction:

J(x) =
1

2
(x− xb)TB−1(x− xb) +

1

2
(yo −H(x))TO−1(yo −H(x))

Relative entropy The relative entropy (or KL-distance) measures the departure of the posterior distribution p(x|y) ∝
e−J from the prior distribution p(x) ∝ e−0.5(x−x

b)TB−1(x−xb).

d =
∫
dxp(x|y) ln p(x|y)

p(x)

=
1

2

(
ln |BS−1| − Tr(I− SB−1) + (xs − xb)

TB−1(xs − xb)
)

S−1 = B−1 +KTO−1K, where K =
∂H

∂x

Entropy difference S(|B|) > S(|S|) Number of well measured variables Solution-Background distance Conclusions
•Differences in the retrievals between the geometric and the wave optical method are partly due to different quality control.
•The largest relative entropy change is found in the descending profiles processed with wave optics, and is mainly

attributed to larger departure of the solution from the background.

Wave Optics
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FIGURE 3: (Observed - Background)/Background refractivity.

0.2 0.4 0.6 0.8 1 1.2
0

10

20

30

40

50

60

Improvement (σ)/σb WO-Low-All

Prior error fraction

A
lt
it
u
d
e

start: 2007 10 18
end: 2007 10 27

Temperature
Humidity

FIGURE 4: Improvement vector all profiles
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FIGURE 5: (Ob-
served - Back-
ground)/Background
refractivity.
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FIGURE 6: Entropy dif-
ference
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FIGURE 7: (Ob-
served - Back-
ground)/Background
refractivity.
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FIGURE 8: Entropy dif-
ference
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FIGURE 9: (Ob-
served - Back-
ground)/Background
refractivity.
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FIGURE 10: Entropy dif-
ference

−6 −4 −2 0 2 4 6
0

5

10

15

20

25

30

35

40

45

50

∆N/N [%]

start: 2007 10 04
end: 2007 10 27

A
lt
it
u
d
e
(k

m
)

Refractivity (O-B)/B WO-Low-Des

profiles subset

qc flagged

passed qc

incl. bad prof.

Error Calc.

0 50 100
0

5

10

15

20

25

30

35

40

45

50
Num of obs.

N obs. [%], out of 2876 prof.

FIGURE 11: (Ob-
served - Back-
ground)/Background
refractivity.
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FIGURE 12: Entropy dif-
ference


