The hypocenter location problem with probabilistic inverse theory

1. Formulate the problem of location the source of an earthquake for a homogeneous media in the form of a probabilistic inverse problem. The observables are P-wave arrival times at ns seismic stations. The model parameters are hypocentral coordinates (x0, y0, z0) and the origin time of the earthquake t0. Formulate the inverse problem

a. assuming exact theory

b. with Gaussian uncertainties in the theoretical relation between model and data parameters

Use constant prior information for model parameters and Gaussian uncertainties for the observed data. 

2. Use the hypo2002_exacttheory.m to investigate the influence of the various controlling parameters.

a. Vary the uncertainties in the observations

b. Add additional stations at the surface, how does the solution change?

c. You have the opportunity to use several borehole seismometers at 3km depth, does the depth resolution change?  

d. Try to investigate the influence of one “outlier” on the results (large variance for one or several of the observations).

e. Investigate what happens if the stations are located only on one side of the source. 

f. Add realistic noise on the exact travel times and investigate the influence on the solution (e.g., +- one standard deviation). 

g. Compare the resolution for x and z coordinate of hypocenter estimation for any surface observations. 

3. Extend the hypo2002_exacttheory.m to allow  for uncertainties in the velocity model. Assume Gaussian uncertainty on the velocity with a mean of 4.5 km/s (true value 5km/s) and a variance of 1km/s. Also try to use the correct non-informative prior (1/v) for the positive parameter velocity. Investigate the influence of the number of observations on the improvement of knowledge on the velocity model (Show the marginal p.d.f. of velocity v).

4. You are now posed the question, that you have four stations and you want to optimise the resolution in depth of your experiment. Where do you have to put your receivers? How would you attack the problem?

