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Motivation 

Long-term climate monitoring based on radio 
occultation data will require the combination of 
data from different satellites. 
In the best case we would hope for:In the best case we would hope for:

• Consistent results for data from 
different satellites

• Consistent results for retrievals from different 
centers  (see talk by A.K. Steiner)



Profile retrieval, termed “Occultation Processing 
System – OPS” (current version: 5.4) starts with 
excess phase and orbit data from different 
processing centers (UCAR, GFZ, EUMETSAT, ..).

Consistent retrieval for all satellites.

WegCenter Climatologies 

Consistent retrieval for all satellites.

At WegCenter: Statistical optimization of bending 
angles between 30 and 120 km, vertically correlated 
background and observation errors. 
Observation error estimated from the variance of the 
observed profile >65 km. 
Background information: collocated profile derived 
from ECMWF forecasts (+ MSIS climatology above). 



RO Data Quality

Bending Angle Statistics between 65 km and 80 km
“Bias” means – difference to MSIS climatology – very similar for all sats
(UCAR data). Annual and semi-annual cycle.

No indications for instrument degradation or instationarities 
in the RO records
No (clear) signal of the solar cycle for the CHAMP record

Pirscher, PhD Thesis, 2010,     Foelsche et al., AMTD 2011



RO Data Quality

Bending Angle Statistics between 65 km and 80 km
Noise – different levels for the satellites
GRACE-A (zero differencing) very similar to F3/COSMIC (single diff.)

Higher CHAMP noise leads to stronger weighting of the background
when performing statistical optimization – and to (further) downward 
propagation of potential background errors



Refractivity Consistency

Global, monthly refractivity differences relative to the satellite mean

Further reduced when the estimated sampling errors are subtracted



Refractivity Consistency

Consistent refractivity, even at higher altitudes (25 – 30 km)

Slight CHAMP offset of –0.03 % (30 – 35 km)  



Dry Temp. Consistency

Global, monthly dry temperature differences relative to satellite mean

Sampling errors subtracted 10 – 15 km, 15 – 20 km



Dry Temp. Consistency

Dry temperature, SE subtracted, 20 – 25 km, 25 – 30 km

Increasing CHAMP-Offset – Stat. Optimization, Background Bias?



Obliquity of RO Profiles

End-to-end simulation, GRAS-like receiver, but up to 70°°°° Azimuth

636 profiles in 7 azimuth sectors (10°°°° each)



Obliquity of RO Profiles

Tangent point drift increases with increasing azimuth (sector)

WegCenter mean tangent point at 10 – 15 km alt. Foelsche et al., AMT 2010



Obliquity of RO Profiles

Mean absolute bias (20 – 25 km) increases with increasing azimuth

Less pronounced, when tangent point drift is accounted for



Refractivity Coefficients
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The coefficients in the refractivity equation (e.g. k1 = 77.6 K/hPa, Smith 
and Weintraub, 1953):

In a pure CO2 atmosphere k1 would be 133 K/hPa
CO2 doubling (280 to 560 ppm) leads to a (modest) increase of k1 by 
~0.05 % - and an apparent temperature change of ~0.14 K (at p0)
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can be related to more fundamental physical constants, like the electric 
constant ε0 and the Boltzmann constant kB, (Foelsche, 1999):

is the mean weighted polarizability of the 
constituents of dry air, which changes with its 
composition. The polarizability of CO2 is 
almost twice that of O2

α



Refractivity Coefficients

A concurrent O2 decrease at the current rate (about twice that of CO2), 
however  basically cancels the CO2 increase effect. 
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The expression for k2 is the same as for k1, 
just with the polarizability of water vapor.
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k3 is related to the permanent dipole 
moment of water vapor, µ.

K2 and k3 can therefore be expected to be constant in time, but both 
seem to be rather poorly measured. 

See also: Healy, JGR 2011; Aparicio and Laroche., JGR 2011



Conclusions (1)

• RO data from different satellites are 
encouragingly consistent

• Even more, when the sampling errors of 
both climatologies are subtractedboth climatologies are subtracted

• Different noise leads to different downward  
propagation of potential biases in the back-
ground, used for statistical optimization

• For Tdry more pronounced than for refractivity

Optimal high altitude initialization for climate 
applications has not yet been found



Conclusions (2)

• RO profiles are not vertical

• The obliquity of the RO profiles increases with 
increasing azimuth angle

• Leads to increasing systemic differences to • Leads to increasing systemic differences to 
vertical reference profiles

• Considerably reduced (up to a factor of 2), 
when the retrieved tangent point trajectory
(which is a very good approximation to the 
“true” one) is properly taken into account 



Conclusions (3)

Influence of the tangent point drift (cont.)

• The bias depends on the definition of the 
mean tangent point – different for different 
centerscenters

• The mean bias reduces when (climatological) 
ensembles of events are considered (due to 
the largely random distribution of the 
orientation of occultation planes), but it 
should be kept in mind when considering 
individual profiles, e.g., in NWP applications



Conclusions (4)

• In light of the absolute accuracy of GPS RO 
better measurements of the refractivity 
coefficients (or the related microscopic 
quantities) are desirablequantities) are desirable

• For climate applications – using anomaly data
– the effect is less pronounced, since 
temporal changes of the coefficients can be 
expected to be negligible 



Thank you!Thank you!
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