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1. Introduction 
In a workshop held at Byrd Polar Research 

Center in May 2000 (Bromwich and Cassano 
2001), it was concluded that numerical weather 
prediction for Antarctic latitudes has advanced to 
the stage where useful forecasts can be made for 
several days in advance for most parts of the 
Antarctic continent.  However, in comparison with 
populated areas of the Northern Hemisphere the 
forecast skill is deficient.  In particular, it was 
recognized that: “The current state of modeling in 
Antarctica does not properly represent the 
environment and is limited in its capability to ingest 
data.” A major source of the problem is the fact 
that Antarctica is a data sparse region of the world. 
There are a total of 12 radiosonde stations over 
the entire continent. With the exception of the 
South Pole station, all the radiosonde stations are 
located on the periphery of the continent. The lack 
of data over the Antarctic and Southern Oceans 
greatly contributes to the uncertainties of global 
and regional weather analysis over the area, which 
in turn, limits the skill of weather prediction models. 
An important goal for RIME is to improve the 
quality of regional numerical weather prediction 
models for U.S. Antarctic operation. To achieve 
this goal, we must identify new data sources for the 
Antarctic and Southern Oceans, and make optimal 
use of all available observations to improve the 
quality of regional analysis.  
 
2. GPS Radio Occultation Soundings 

An emerging technology in remote sensing is 
the atmospheric limb sounding technique using the 
radio signals transmitted by the Global Positioning 
System (GPS) (Ware et al. 1996). Rocken et al. 
(1997) have shown that the quality of GPS radio 
occultation is compatible with that of radiosonde 
from the surface up to about 40 km. A major 
GPS/Meteorology project, known as COSMIC – 
Constellation Observing System for Meteorology, 
Ionosphere, and Climate, is scheduled for launch 
in 2005. COSMIC includes a constellation of six 

micro-satellites each carrying an advanced GPS 
receiver and will provide ~3,000 radio occultation 
soundings that are distributed uniformly around the 
globe. This data set will be of tremendous value for 
weather prediction and climate analysis (Anthes et 
al. 2000).  

As discussed by Kuo et al (2000) the raw 
measurements of the COSMIC system are phase 
and amplitudes of GPS radio signals. By making 
use of local spherical assumptions, these raw 
measurements can be converted to bending 
angles and refractivity. These are not traditional 
meteorological observations (such as temperature, 
water vapor, or pressure). In order to make optimal 
use of the radio occultation data, advanced data 
assimilation systems (such as three-dimensional or 
four-dimensional variational data assimilation – 
3DVAR/4DVAR) must be used. 

Although COSMIC will not be launched until 
2005, several ongoing NASA-sponsored missions 
(e.g., CHAMP, SAC-C, and GRACE) are equipped 
with GPS occultation receivers, and will soon be 
providing high-quality radio occultation soundings. 
In fact, both CHAMP and SAC-C have already 
been launched, and will soon (expected in the fall 
of 2001) be providing up to 750 radio occultation 
soundings per day. The GRACE mission will be 
launched later this year and will provide an 
additional 500 soundings per day. Figure 1 shows 
the combined total of typical daily GPS radio 
occultation soundings from CHAMP, SAC-C, and 
GRACE missions. As compared with the available 
radiosonde observations, this represents a 
significant increase in upper-air measurements. It 
is expected that the CHAMP, SAC-C, and GRACE 
satellites will be operating during the first field 
phase of RIME. There is also a high likelihood that 
GRACE will be operating during the second field 
phase of RIME (2005-2006). Although data from 
these will not be available in real-time, they will be 
very valuable for post analysis and research. 
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3. Preliminary Results from Observing 
System Simulation Experiments (OSSES)  
In an effort to assess the potential impact of 

GPS/MET radio occultation data on the regional 
analysis and prediction over the Antarctic and 
Southern Oceans, we conducted a series of 
observing system simulation experiments. We first 
performed a 72-h, 30-km MM5 (Fifth Generation 
Pennsylvania State University / National Center for 
Atmospheric Research Mesoscale Model) forecast 
initialized at 0000 UTC 13 October 1995 with a 
mesh size of 361 x 361 and 50 vertical levels – the 
“nature” run. The nature run was initialized with the 
European Centre for Medium Range Weather 
Forecasts (ECMWF) global analysis. The model 
forecast fields during the period of 0000 UTC 14 
and 1200 UTC 14 October 1995 were used to 
simulate a set of refractivity soundings, with 
distribution in time and space similar to what would 
be available from the COSMIC mission. Another 
version of MM5 with 120-km grid resolution, a 
mesh size of 67 x 67 and 18 vertical levels was 
used to assimilate the simulated GPS radio 
refractivity observations, using the 4DVAR 
technique (Zou et al. 1995). Four experiments 
were conducted, using MM5 at 120-km grid 
resolution. All the experiments were started at 
0600 UTC 14 October. The first is the NO4D 
experiment. This represents an experiment with no 
4DVAR assimilation. The initial condition of NO4D 
was obtained from the 12-h forecast of a 120-km 
MM5 initialized with the NCEP initial condition. The 
quality of the initial condition is representative of 
that of the current operational global analysis. The 
second experiment is the PERF experiment, in 
which we assume a perfect initial condition 
(obtained from the natural run) is available for the 
forecast model at 120-km grid resolution. This 
represents the best possible performance of a 
forecast model. Two data assimilation experiments 
were performed. In 4DVAR1, we performed a 6-h 
assimilation of the simulated GPS refractivity data 
during the period of 0600 UTC to 1200 UTC 14 
October. In 4DVAR2, two update cycles were 
used. We first performed a 6-h assimilation of the 
simulated GPS refractivity data during the period of 
0000 UTC to 0600 UTC 14 October. The 6-h 
forecast from the first assimilation cycle (valid at 
0600 UTC) was then used as the first guess for the 
second assimilation cycle that started at 0600 
UTC.  

Figure 2 shows the vertical profiles of (a) 
temperature, (b) specific humidity, (c) pressure, 
and (d) wind averaged over the period of 1800 
UTC 14 and 0600 UTC 15 October 1995. The 
results of the 4DVAR1 experiment show that the 

 
Fig. 1. Green dots represent typical daily 
occultation soundings from CHAMP, SAC-C, and 
GRACE. Red dots are radiosonde stations. 
 
assimilation of GPS radio occultation soundings 
from a satellite similar to COSMIC will have 
significant positive impact on all variables 
(including winds) throughout the troposphere. More 
importantly, the improved regional analysis due to 
GPS radio occultation assimilation has a significant 
impact on the forecast skill of model. The 4DVAR2 
experiment indicates that through the continuous 
assimilation-update cycle, we can expect even 
greater impact from the assimilation of GPS radio 
occultation data. In an operational environment, 
this type of update cycle can be repeated 
continuously. The results show that GPS radio 
occultation data will have a significant impact on 
meteorological analysis and prediction over the 
Antarctic and Southern Oceans. 
 
4. Suggested Activities for RIME 
 
a. Verification of GPS radio occultation 

soundings 
The location and time of each GPS radio 

occultation can be predicted with high accuracy 
about one week in advance. RIME provides an 
unique opportunity to verify the accuracy of GPS 
radio occultation soundings in the Antarctic 
environment. We propose to take special 
soundings (i.e., supplementary radiosondes, 
dropsondes, or aircraft descent or ascent 
soundings) at the time and location of GPS radio 
occultation soundings that take place within the 
RIME experimental area. These special soundings 
can then be used to provide independent 
verification for the retrieved profiles of temperature, 
moisture and refractivity derived from the GPS 
radio occultation soundings.  



 

 16

  
Fig. 2. Vertical profiles of rms errors (as compared with the natural run) for temperature, specific 
humidity, pressure, and wind fields for experiments NO4D (no data assimilation), PERF (perfect initial 
condition), 4DVAR1 (one cycle of 4DVAR assimilation), and 4DVAR2 (two cycles of 4DVAR 
assimilation).  

 
b.  Perform post field-phase RIME analysis 

For many research applications, it would be 
desirable to have a high-quality grid-point analysis 
that makes use of all available observations taken 
during RIME. As mentioned earlier, during the first 
field phase of RIME, CHAMP, SAC-C, and GRACE 
will all be operating, and will provide about 1,250 
non-real-time GPS radio occultation soundings per 
day. It would be very important to assimilate these 
GPS radio occultation soundings together with 
other satellite, upper-air, and surface observations, 
and to produce dynamically consistent data sets at 
a resolution much higher than currently available 
from the operational global analysis. 

c.  Opportunities in the early phase of COSMIC 
deployment 

The six COSMIC micro-satellites will be 
launched by one single rocket. These will be 
deployed over a one year period through 
differential precession. During the early stage of 
deployment, these satellites are located within one 
single orbit. As a result, the GPS radio occultation 
soundings will not be distributed uniformly around 
the globe. Rather, they would be “clustered.” This 
offers the opportunity of high-density (in space) 
GPS radio occultation soundings locally over the 
RIME experimental area over certain hours of the 
day (see Fig. 3). If high-density (in space) 
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soundings are important for RIME, it might be 
advantageous to coincide the second RIME field 
phase with the early deployment of COSMIC.  
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Fig. 3. Hypothetical GPS radio occultation 
soundings distribution over an one-hour period in 
the early deployment phase of COSMIC. 
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