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Abstract 

We discuss the analysis of the 2001-2002 combined solutions generated from the SINEX files submitted by the IGS analysis centers.  We highlight the changes to the analysis procedures reported in previous annual reports.  Analysis of our combined solutions shows mean fits to the up to 49, and on average 43, IGS reference sites  in the  P041 solution of 3.0 mm.  For the G-SINEX combinations the median root-mean-square (RMS) repeatability in north, east, and height are 1.5, 1.6 and 5.4 mm, respectively for 256 sites.  For the P-SINEX combinations, the median RMS repeatabilities are 1.6, 1.8, and 6,0 mm, respectively for 376 sites.  The root mean square (RMS) scatter of the differences between daily pole position and IERS Bulletin A values is 0.08 milli-arc-seconds (mas) for both X- and Y-pole position.  However, there are mean differences in Y-pole position of 0.39 mas (2001.0) and a rate of –0.09 mas/yr.  The RMS scatters of the differences in polar motion rates are 0.09 mas/day for both components.  For length-of-day (LOD), the RMS difference to Bulletin A is 0.023 milliseconds (ms).

Analysis Procedure Changes

As reported previously [Herring, 1996,1997, 2000], two analyses are performed each week.  One of these analyses uses the IGS Analysis Center (AC) weekly A-SINEX files to generate a combined G-SINEX file, and the other uses the Regional Analysis Center (RAC) R-SINEX files combined with the G-SINEX file to generate weekly P-SINEX files.  During 2001 and 2002, the G-SINEX files contain 256 sites that were used more than 10 times during the two years and 118 sites that were used at least 100 times.  The corresponding values for the P-SINEX files are 376 and 118 sites, respectively.  The G- and P-SINEX analyses are performed with 2 and 7 weeks delays. 

The basic procedures we use are documented in the weekly summary files submitted with the combined SINEX files.  During the 2001-2002 interval, we used the IGS realization of ITRF97 as given in IGS00P41_RS51. After GPS week 1125, we stopped using AREQ in the frame definition and variance factor calculations because of 0.5 m displacement of the site due to a nearby earthquake.  After week 1110, we stopped applying a pole correction to the SIO SINEX files because they started to apply the correction in their weekly analyses.  We continue to update the G- and R-SINEX files based on differences between the header information and the igs.snx file.   

Deconstraining AC SINEX files

All of the IGS analysis centers now submit either loosely constrained SINEX files (JPL, SIO) or SINEX files with minimum constraints applied (EMR, GFZ, NGS, COD and ESA).  For this latter group of analysis centers we add to their covariance matrix a rotational deconstraint with variance of (10 mas)2.  This additional matrix is generated by computing the full covariance between station coordinates and Earth orientation parameters for rotations about each axis with (10 mas)2 variance.  The GFZ analysis center is applying constraints to the center of mass position.  After week 1098,  add a translation deconstraint matrix to this center's SINEX file so that the center of mass position of the combined SINEX file is not artificially constrained.. 

There are problems with desconstraining some the existing P-SINEX (regional SINEX) files.  These analyses are performed with IGS orbits and earth orientation parameters fixed and usually have tight constraints on the sites from the G-SINEX files that are used to tie the regional networks to the global frame.  For the EURREF SINEX files, the removal of the constraints applied does not appear to generate a loosely constrained solution (i.e., the standard deviations of the position estimates is still a few millimeters even after a nominal deconstraining to one meter.  The regional SINEX files, after deconstraining them and re-aligning to one reference system still show discontinuities when there is a large change to the IGS system.  We are sill investigating how to best account for these residual constraints. The net effect is that that P-SINEX files are not as useful as they could be in densifying the global reference system.

Earth rotation parameter estimation

We carry forward into the SINEX combinations the estimates of Earth rotation parameters.  In our combination we allocate elements in the Kalman filter state vector for the Earth orientation parameters (value and rate of change) for each day of the week centered at 12:00 UTC.  The stochastic variations in these parameters are treated as a combination of a random walk (process variance 1 mas2/day for pole position, and 0.066 ms2/d of UT1) and integrated random walk (0.1 mas2/day3) for pole position and 0.007 ms2/day3 for UT1).  The initial values at the start of the week are assumed to have variances of (100 mas)2 for pole position, (10 mas/day)2 for polar motion rate, (6.7 ms)2 for UT1 and (0.67 ms)2 for length of day.  We ignore the values of UT1 given in the input SINEX files, i.e. the estimates of UT1 in our combined SINEX files are the IERS Bulletin A values at the start of week and integration of LOD for later days in the week.

We apply corrections to the submitted SINEX for some centers.  For JPL, prior to January 1, 2000, we treat the input LOD as being regularized even through it is not given as LODR.  For all dates, we reverse the sign of LOD since the submitted values appear to be the time derivative of UT1.  For GFZ, we reverse the sign of UT1 since it appears to be given as UTC-UT1.  (This latter change has little effect because we do not use the UT1 values).  

Analysis Of Combined Solutions

Our analysis of 2001-2002 combined SINEX files examines the internal consistency of these combinations and their agreement with IGS97.  In figure 1 we show for each weekly combination, the RMS agreement between the IGS977 reference sites.  The list and number of sites used each week is given in weekly summary.  This RMS is computed from the combination of the north, east, and height differences after a translation, rotation, and scale are removed from the weekly combination.  In computing the RMS, the height is down-weighted by a factor of 3, i.e., we construct a weight matrix with the heights given one-tenth the weight of the horizontal components.  
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Figure 1: RMS fit of the weekly combinations to the up to 49 IGS97 reference sites.  The mean RMS fit is 3.0 mm with a mean of 43 stations form the reference site list used. 

In Figure 2 we show the differences in the pole position estimates between the MIT G-SINEX combination and IERS Bulletin A.  The significant difference here is the offset and a mean rate of change between the Y-pole position and evolution given by the IGS97 station coordinate and velocity reference system and IERS Bulletin A.  The LOD differences to Bulletin A do show any particular systematic behavior and have an RMS difference of 0.023 ms. The observed offset and drift in the Y-pole position presumably arises from differences in the IGS97 system site positions and velocities and those implicit in the IERS system. 

In Figure 3, we show the positions of the sites in the G- and P-combinations.  The time series of the position estimates can be found at http://www-gpsg.mit.edu/~fresh/MIT_IGS_AAC.  The IGS weekly combination produced by Natural Resources Canada (NRCan) is updated weekly on this site.  The time series from the other IGS centers shown are only updated occasionally.  The statistics of the position residuals, after removal of linear trends, are given in Table 1.  Analyses of the residuals do show offsets in the time series that are thought to arise from the residual effects of constraints on the solutions that cannot be completely removed.   More detailed analysis of this problem is required at the moment.

We also make available Matlab based tools for the analysis of the IGS combined solution.  These tools are available at http://www-gpsg.mit.edu/~tah/GGMatab.  On the MIT IGS AAC web page a compressed tar file is available that contains the IGS weekly time series in a format suitable for use with these tools (http://www-gpsg.mit.edu/~tah/MIT_IGS_AAC/igsw/igsw.tar.Z)

Table 1: Distribution of the root mean square (RMS) scatters of the position estimates after removal of a linear trend for the North, East and Height components for the G- and P-SINEX combinations.  Values shown are the RMS scatters below which either 50, 70 or 90% of the sites lie.

	Component
	G-SINEX Combination (256 sites)
	P-SINEX Combination (359 sites)

	
	50 % (mm)
	70% (mm)
	95%(mm)
	50%)mm)
	70% (mm)
	90% (mm)

	North 
	1.5
	1.9
	3.6
	1.7
	2.4
	4.2

	East
	1.6
	2.0
	3.5
	1.9
	2.4
	6.5

	Height
	5.4
	6.5
	10.6
	6.0
	7.7
	13.8
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Figure 2: Differences between the X-pole (blue circles) and Y-pole (red triangles) position estimates from the MIT G_SINEX combination and IERS Bulletin A.  The RMS differences after removal a mean X-pole offset of 0.003 mas and a Y-pole offset of 2001.0 and trend of 0.39 mas and –0.09 mas/yr are both 0,08 mas.  The mean and RMS difference for LOD (not shown) are 0.008 ms and 0.023 ms.
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Figure 3: Global distribution of sites used more than 10 times between 2001 and 2002 in the G-SINEX (red circles) and P-SINEX (green squares) combinations.  There are 246 sites in the G-SINEX files and 315 sites when the G- and P-SINEX files are combined.
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