9. Tips and Suggestions

This section contains some general comments and suggestions on using MT5 and associated programs.

9.1 Digitizing horizontal components of seismograms using MT5DIG

To produce the SH waves used by MT5 you will need to digitize the two horizontal components of the S waveform. MT5INT takes these two components, samples them evenly, and rotates them about the back-azimuth to get the SH. Therefore, it is important that you pay close attention to maintaining proper timing for the two records. We suggest that in setting up the seismograms for digitizing using MT5DIG, on both records you should use the same traces and minute marks for the points 1-6 as described in Appendix A.3 

9.2 No Data

If you have no data but wish to generate synthetic seismograms then enter 0 for the number of data points on the Seismogram Header Line in the .INV file (see Appendix B.1).

9.3 Starting solution for MT5

While MT5 is a fairly robust inversion, if there are several seismograms being used and if the starting model is too far from the correct solution, it may not converge. This is particularly true of the double couple mode of inversion. As a general rule, you should do a few iterations in the moment tensor mode before toggling to the double couple mode. You can use first motions and published solutions as constraints on the starting model. 

9.4 Improving quality of solutions in MT5

Obtaining good earthquake source solutions using MT5 requires careful attention to input parameters. Waveform inversion results are particularly sensitive to the parameters of source epicenter, depth, waveform realignment, source structure, and weighting of seismograms. Selection of these parameters and how they influence solutions is discussed below: 

9.4.1 Source epicenter:

Frequently, epicenter locations for an earthquake can be found in the PDE (Preliminary Determination of Epicenter) publication, Harvard CMT (Centroid Moment Tensor) solution listings, or in NEIC (National Earthquake Information Center), USGS (United States Geological Survey), or ISC catalogs. Some of these publications give multiple listings from different sources for the same event, often with different hypocenter and even epicenter locations. Error in the epicenter of an earthquake influences the travel time of the seismic waves to a station. This mostly affects phase arrival times which are estimated in the MT5INT program and subsequently adjusted in MT5 during waveform realignment. 

As a general procedure, the best epicenter for the purposes of MT5 analysis will be the one that was based on the Jeffreys-Bullen travel time tables. Note that the PDE listings are based on preliminary data and are often revised in a later listing by the USGS or ISC, and that the Harvard CMT solutions are based on long period and mantle waves and give a hypocenter for a point source moment tensor representing the best fit to the energy of the event. As such these two sources, although with definite advantages in other areas, are not the best for the purposes of teleseismic body wave inversion. Instead, the ISC location as found in the USGS, ISC, and NEIC listings is usually a better choices when it is available. 

9.4.2 Source depth:

It is important to enter the time and depth of an event just as they are presented in the selected catalog listing, because this will give the best correlation with (at least P) phase arrival times in the MT5INT program. Hypocenter location and time of event are closely related in catalog listings. Catalog listings often depend on minimization of the residuals in an inversion for earthquake location by adjusting the depth of the event and consequently the first arrival times of main phases. If arrivals of reflected phases are also taken into account, in particular pP or sP waves, the depth is more easily constrained for deep events. Occasionally, the depth of a shallow event has been "fixed" in the catalog listing to some arbritrary value (this is usually indicated by a symbol) so that an epicenter could be found. Even though depths presented in the catalogs may differ from those resulting from a solution in MT5, which uses much more of the waveforms of the major phases to resolve depth, the phase arrival times resulting from use of event time and hypocenter from the catalog will be consistent with the actual arrival times. Remember that the main effect of the starting depth entry is to establish estimated phase arrival times in MT5INT, and that waveform realignment performed in MT5 (not starting depth) ultimately determines the phase arrival times. 

If you use short-period seismograms, you may find that the depth in the solution does not change very much from the starting depth. This is because there will be a minimum in the variance for depth at each cycle of the seismogram. To avoid this problem, we suggest that you remove the short-period seismograms from the inversion (de-weight them) until depth is stabilized in the inversion using only the long-period seismograms. 

9.4.3 Waveform realignment:

Having assured yourself that the epicenter location is the best available (see above), you may still find that estimated arrival times of the P and S phases do not coincide with expected features in the seismic record. This misalignment of arrival times is normally adjusted in the waveform realignment procedure of MT5. This is an important step and should not be skipped!

We suggest that you accept the estimated arrival times in MT5INT and make alignment adjustments in MT5 so that you have a good reference point for what the arrival times are supposed to be. You can reduce the inversion weighting to a very low value (.01) for a station that you are unsure about. When you have a better understanding of the seismogram for the station, you can realign it, increase its weighting in the inversion and rerun the inversion. 

Critical to getting the best solution is the point on the seismogram that is picked as the beginning of the phase. Several reasons for arrival time misalignment are discussed below. Most of these require waveform realignment. 

Some of the seismograms can have nodal first arrivals (ie., an azimuth and takeoff angle lying within or near a nodal plane of the radiation pattern) so that the first motion of the long-period record may not be the correct starting point. The fact that a station has a nodal arrival will not be apparent until you have a reasonable fault plane solution. Previewing the seismograms using MT5PREV is helpful for detecting this condition, because the default order for seismogram presentation in MT5PREV is by azimuth. Usually a nodal arrival will lie between arrivals of opposing polarity which are more easily seen (assuming you have have data for at least one station within the quadrant on either side of the nodal plane). If you can get short period data for the station with the nodal arrival, you can usually detect the P arrival in the short period record. You may also find it helpful to align the pP or sP arrivals of the nodal waveform with those of neighboring stations because these reflected waves will usually not be nodal if the P arrival is nodal. If all else fails, you can realign a nodal waveform based on the realignments of the stations on either side of it in the radiation pattern and at about the same distance (SYMBOL 207 \f "MS LineDraw") from the source. These realignments should be deferred until last. Nodal arrivals are important constraints on fault plane solutions, so you should include them if possible. 

A common misalignment in arrival times is of the S phase. This can be expected from the use of the J-B (Jeffreys-Bullen, 1940) travel time tables, which were developed in the 1930's from analog seismograms and prior to highly accurate timekeeping at seismological stations. The IASPEI-91 travel time tables (Kennett and Engdahl, 1991, and IASPEI, 1991) have been developed from a large group of more recent seismic records. P waves in these tables are, on average, about 1.8 seconds faster than those in the J-B tables, whereas the S waves arrivals are approximately the same between the two tables. Because ISC earthquake locations are based on the J-B tables and weighted towards the P arrival times, the actual P arrivals are often slightly early and the actual S wave arrivals can be up to about 2 seconds later than the predicted times. 

Earth structure at a station can alter the expected arrival times of P and S waves. This effect is systemic and will usually become predictable for a given source-station combination after several earthquakes are analyzed. 

Some analog stations have time corrections to the indicated clock time on the seismogram. This should have been logged on the seismogram and must be entered in MT5DIG or it will appear as a phase arrival misalignment in MT5. Occasionally you will find that a time correction is clearly needed (based on arrival times and the history for that station), but the correction is not noted on the seismogram. 

9.4.4 Source structure: 

The structure that you specify for the source can be a major factor in establishing a reasonable synthetic seismogram. An obvious effect is if a layered structure of lower velocity overlies the source. A water layer will cause multiple reflections within the layer of the upgoing P wave. The depth of the water must be entered in MT5 as accurately as possible. The same is true of low seismic velocity sediment layers but the effect is not as pronounced as with water. S wave reflections as well as P-S and S-P conversions can occur at interfaces in an overlying soil layer as well. These are included in the synthetic seismogram by idealizing the layers as homogeneous and the reflecting surfaces as horizontal interfaces. 

A more subtle, but very important parameter is the choice of source velocities (When choosing source velocities, remember that the idealized ratio of S to P wave velocity is 1/SYMBOL 214 \f "Symbol"3 = 0.577 for a Poisson solid). The takeoff angles of seismic waves are based on the source velocity. A slight change in takeoff angle results in a large change in amplitude of the radiated wave if the takeoff angle and azimuth combination lie in a part of the radiation pattern very near a nodal plane. The major effect of an error in source velocity is a large isotropic component in the moment tensor solution of an earthquake. This error is not detectable in a double couple solution, other than as large residuals that could result from other causes. If you get a large isotropic component, recheck your estimate of source velocities. However, we do not advise altering the source velocities without regard to local structure just to reduce the isotropic component. A non-negligible isotropic component can also result from poorly constrained depth for a shallow earthquake using mostly long period or just "noisy" data in general. 

9.4.5 Weighting of seismograms

Weighting of the seismograms can be done in a great many ways. Because the amplitudes of the seismograms affect their relative importance in the inversion, we try to weight them so that the various types of seismograms have equal weight. A check on the amplitudes of the PDTs is in their weighted variances as displayed on the MAIN MENU and CURRENT MODEL screens of MT5. You can increase or decrease the weight to change the weighted variances of the PDTs with the aim of keeping them within roughly the same order of magnitude. 

9.4.6 Polarity reversal

Instrument polarity reversal is a rare but serious problem if it is not indicated on the seismogram record. Very high residuals in the solution can result. You can detect this problem by comparing the suspect seismogram with the stations closest to it, taking into account the best fault plane solution with this seismogram weighted low. Checking several seismogram records from the same instrument around the time of the record being used may also indicate an error in logging the instrument polarity. Consider trying to determine polarity based on the instrument's first motion response to other teleseismic events in about the same time period. If you cannot resolve what appears to be a possible instrument polarity reversal, leave it out!
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