1. Introduction

Because the time delay of RO signal is to
of time (S| traceability), GPS RO data, unlike radiosondes and satellite
microwave sounders are not affected by the changing of on-orbit
extreme and al with geographical locations
(Kuo 2004, Ho et al., 2009a, b). In this study, we use COSMIC RO
temperature and moisture profiles to identify the possible temperature
and biases from i where sensor characteristics vary

i in times and for sensor types.

derived from ground-based GPS (i.e.,

standard deviation of 2.7 mm (panel on the left).

4. Global Validation of COSMIC 1D-Var Water Vapor Retrievals

Using refractivity data and reasonably independent temperature profiles, highly precise COSMIC water
vapor profiles can be derived. Comparisons of total column water vapor (TCWV) from COSMIC with those
International Global Navigation Satellite Systems—IGS, Wang et al.,
2007) show that the mean global difference between IGS and COSMIC TCWV is about -0.2 mm with a
Panel on the right shows changes in TCWV from 2008 to
2009 measured by ground-based GPS, AMSR-E and COSMIC. Results show the dramatic moistening of the
Tropical Pacific as the climate system shifted from strong La Nifia conditions in 2008 to moderate El Nifio
conditions by the end of 2009 (panel on the right). The COSMIC measurements show this moistening

extending across the Amazon basin, a region previously unobserved.

Characteristics of GPS RO Data:
« Measure of time delay: no calibration is needed
* Requires no first guess sounding
« Uniform spatial/temporal coverage
« High precision
* No satellite-to-satellite bias
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2. Data and Approach: Using COSMIC RO data to assess the
quality of radiosonde data

RO temperature and water vapor profiles from the early phase of
COSMIC mission from August 2006 to November 2006 are
used in this study. In the neutral atmosphere, refractivity (N) is
related to pressure (P), temperature (T) and partial pressure
of water vapor (P,,) by the following equation

N=T162+373x10°
T T*

Matching the following data :

COSMIC RO temperature and moisture profiles

Radiosonde temperature and water vapor measurements within 2
hours and 300 km of those from COSMIC soundings

ECMWF temperature and water vapor profiles interpolated into
COSMIC positions

Radiosonde stations (updated 11/
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Change in TCWV from 2008 to 2009. Panel A shows
Measurements from AMSR-E and ground based GPS
stations.

Panel B shows measurements from COSMIC.

5. The Usefulness of COSMIC Data to Assess the Water Vapor Biases
of Different Types of Radiosonde Systems
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Comparison statistics (mean: red; standard error of the mean: horizontal
light blue lines superimposed on the mean; standard deviation: blue;
sample number of compared soundings: solid black line) of water vapor (g/
kg) for (a) COSMIC-MRZ ensembles, (b) COSMIC-ECMWF ensembles
near MRZ radiosondes, (c) COSMIC-Shang ensembles, and (d) COSMIC-
ECMWF ensembles near Shang radiosondes. Radiosonde data that are
collocated with COSMIC soundings within 200 km and 3 hours are used in
these comparisons
’
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Comparison statistics (mean: red; standard error of the mean: horizontal
light blue lines superimposed on the mean; standard deviation: blue;
sample number of compared soundings: solid black line) of water vapor (g/
kg) for (a) COSMIC-Shang ensembles during the day, (b) COSMIC-Shang
ensembles during the night, (c) COSMIC-VIZ-type ensembles during the
day, and (d) COSMIC-VIZ-type ensembles during the night. Radiosonde
data that are collocated with COSMIC soundings within 200 km and 3
hours are used in these comparisons.

3. The Usefulness of COSMIC Data to Identify Temperature Biases of
Different Types of Radiosonde Systems in the Upper Troposphere and

Lower Stratosphere
For each COSMIC and radiosonde match, we compute the
difference between COSMIC dry temperature and radiosonde
temperature at vertical level i

AT, (i)  =COSMIC(i)-radiosonde(i)

D = the standard deviation of the temperature

difference at vertical level i
ot
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Comparisons of temperature between COSMIC and radiosonde for
a) MRZ, b) Shanghai, c) VIZ-B2, and d) Vaisala-RS92 (the red
line is the mean difference; the horizontal black lines superimposed
on the mean are the standard error of the mean; the blue line is the
standard deviation; the dotted line is the sample number. The top
Xaxis shows the sample number. The same symbols are also used
for the following plots).
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6. Conclusions and future work

« Systematic humidity errors for different types of radiosondes at five
geographical regions during the day and night are quantified compared to
COSMIC water vapor profiles.

+ We identify that Shang radiosonde contain a 0.2 g/kg mean dry bias in the
troposphere and VIZ-type and IM-MK3 contain a obvious 0.2 g/kg and 0.4
glkg wet bias, respectively, relative to COSMIC water vapor data (Ho et al.,
2010a).

*No obvious water vapor biases are found for MRZ and MEISEI
radiosondes. A larger mean dry bias (~0.26 g/kg) for Shang radiosondes is
found during the night than that during the day (~0.1 g/kg) (Ho et al.,
2010b).

*Results found here are in general consistent with the comparison between
ground-based GPS PW and radiosondes demonstrated by Wang and
Zhang et al., (2008).

*Results show that temperature measurements from Vaisala-RS92 and
Shanghai radiosonde systems agree well with those of COSMIC with a
close-to-zero mean difference.

sLarge temperature biases are shown for MRZ and VIZ-B2 radiosonde
systems relative to COSMIC, which are possibly caused by diurnal radiative
effects.

<With uniformly distributed data in time and space, multi-year COSMIC RO
data will be very useful to quantify and correct the diurnal/geographical
systematic humidity errors among different radiosonde types. This will be
for a future study.
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Summary of the mean difference, absolute mean difference, and standard deviation (std) of

moisture (g

~radiosonde ensembles and COSMIC-ECMWE ensembles for

S MEISEL VIZ-type’, and IM-MK3. * To increase the COSMIC-VIZ matches, we
include VIZ-A, VIZ-B, VIZ-B2, VIZ transponder radiosonde, VIZ Mark I Microsonde in this

comparison.
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