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Current Activities

Weekly EOP estimation and SLR Network Quality Control

The EOP estimation and SLR network quality analysis continues. The observations are taken from NASA's Crustal Dynamics Data Information System (CDDIS), then merged, time-sorted and edited for double entries. The main element of the weekly analysis is the fitting of 3-day continuous orbits through the last 12-18 days of observations. The fitting results in an average value for the weighted rms-of-fit of 15-20 mm.

Seasonal Variations of the Earth’s Gravity Field

The measurement of these variations in the Earth’s gravity field is important for a variety of studies attempting to understand the interrelations of the different components of the Earth system. We have used LAGEOS-1 and LAGEOS-2 laser ranging data to determine long wavelength seasonal variations of the Earth’s gravity field from 1993 to the present. Due to the altitude of these satellites, and the non-continuous nature of the measurements, these data can detect seasonal gravitational variations only for wavelengths of roughly 10,000 km and longer (a degree 4 spherical harmonic expansion). We have compared the observed annual variations to those predicted from a variety of atmospheric, oceanic, and hydrologic models. The correlation of the maps of the observed and modeled annual geoid variation is as high as 0.8, with an rms difference of close to 1 mm. To further enhance the resolution of the time-variable gravity field (up to degree 6 or more), SLR from T/P, Ajisai and Stella are being analyzed, including the recent tracking campaign for the BEC satellite.

Precision Orbit Determination and Verification

SLR and DORIS tracking provide the principal means of precise orbit determination for the T/P altimeter spacecraft, supporting an orbit accuracy of 2 to 2.5 cm in the radial direction. Studies have demonstrated that the DORIS data are providing the dominant contribution to the overall orbit accuracy, but it was also apparent that the variations in the centering of the orbit from cycle to cycle in the Z direction (along the Earth’s spin axis) increased significantly when the SLR data were excluded. This centering is critical to avoid artificial signals in the observed sea surface variations between the hemispheres that might be erroneously interpreted. The SLR data, due to the absolute ranging information that they provide, help to center the orbit more precisely and consistently, as well as contribute to the overall orbit accuracy. They also provide an unambiguous determination of the height of the spacecraft above a tracking station, particularly for passes which cross at a high elevation angle. This capability is unique to SLR, and it is crucial for orbit accuracy assessment at the current levels. 

It is clear that the SLR data are an important component of the tracking system. A recent episode, where extreme geomagnetic activity increased the atmosphere drag to well above normal levels, highlights the importance of the SLR data to high precision orbit determination. Without the benefit of the very accurate SLR data, the anomalously high drag that occurred over a short period of time probably would not have been noticed (it is undetectable in the DORIS residuals), which would have resulted in a degraded orbit during this period. However, the SLR data clearly indicated a problem that, after further analysis, could be addressed, and an orbit of satisfactory accuracy could be produced.

Terrestrial Reference Frame

Several terrestrial reference frame solutions were submitted for inclusion in the ITRF2000 reference frame solutions: two SLR-only solutions based on Lageos-1 and Lageos-2, and a combination solution based on SLR and DORIS tracking to T/P. The principle difference in the two Lageos solutions was the inclusion in one case of an adjustment of a global (common to all stations) atmospheric refraction correction. There are indications that the current model used for the troposphere refraction is biased, so one solution attempted a preliminary adjustment to try to accommodate the bias. This had a significant effect on the scale of the solution, changing it by about 1.4 ppb. The uncertainty in the current scale is probably at the 1 ppb level or better, so this effect is significant and requires further analysis. Such a bias would also tend to bias the estimate of the Earth’s gravitational coefficient GM by a small but not insignificant amount.

Outlook for the Future

We will continue to explore the application of multi-satellite analysis to the question of quality control for the SLR network. The question of sub-cm systematic errors in the Marini-Murray refraction model is currently being investigated. In addition, the analysis system needs to be automated more than is the case in the current situation. UT/CSR will strive for a continuous improvement in order to serve the SLR community as well as possible.
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