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The NEAREST Passive Seismic ExperimentThe NEAREST Passive Seismic Experiment



Levelling of seismometersLevelling of seismometers



Clock synchronizationClock synchronization

9 out of 24 
instruments failed to 
synchronize the clock 

after recovery



Clock synchronizationClock synchronization



Task: Estimate Time Drift Corrections for Task: Estimate Time Drift Corrections for 

the unsynchronized instrumentsthe unsynchronized instruments

Target: at least 0.1s precision for local, regional and tele-
seismic earthquake studies, integrating also land 

recordings

Monna et al., 2011



Comparison of land locations (in red) with OBS locations (in 
green)



Comparison of land locations (in red) with OBS locations (in 
green)

Purpose: train the land network to locate the Gulf of 
Cadiz earthquakes, epicenter and focal depth



Trial 1: Trial 1: Use a small set of the largest events Use a small set of the largest events 

and check the variation in Pand check the variation in P--phase station errorsphase station errors



Drift = +1.4 s

Drift = +1.4 s



Drift = -3.6 s

Drift = -3.3 s



Drift = -3.6 s

Drift = -3.3 s



Building the Noise Correlation Functions NCF

Decimation to 10 Hz

Band-Pass Filter 4s to 12s

1 bit Normalization

Cross-Correlation

Stack

Trial 2: Trial 2: Use Noise Correlation functions to Use Noise Correlation functions to 

estimate relative drifts between all clocksestimate relative drifts between all clocks



All NCF for OBS11All NCF for OBS11



Time evolution of NCF OBS04Time evolution of NCF OBS04--OBS05OBS05
90 day stack, every 10 days90 day stack, every 10 days



Time evolution of NCF OBS04Time evolution of NCF OBS04--OBS12OBS12
90 day stack, every 10 days90 day stack, every 10 days



Time evolution of NCF OBS05Time evolution of NCF OBS05--OBS12OBS12
90 day stack, every 10 days90 day stack, every 10 days



Estimating Clock Drift from NCFEstimating Clock Drift from NCF

Stehly et al., 2007

Variation of surface wave travel time 
measured on the NCF

Time delay caused by a relative drift of 
the two station clocks

time-shift due to a change in the 
spatial distribution of the source

time-shift due to a change in the 
medium



Estimating Clock Drift from NCFEstimating Clock Drift from NCF

Stehly et al., 2007

Clock Drift is anti-symmetric

Material properties are symmetric

Change in source distribution is unknown, estimated 
to decrease with longer time series



Estimating Clock Drift from NCFEstimating Clock Drift from NCF

Clock Drift is linear with time

Material properties and source distribution changes 
are NOT linear with time

Linear trends computed by cross-correlation



Linear trends computed for the pair OBS11-OBS22

49 useful slopes    ->   drift = 1.91 ±±±± 0.26 s/year



Estimating Clock Drift from NCFEstimating Clock Drift from NCF

Is the drift of clock j in relation to reference

Gives a maximum of 276 equations for 24 unknowns

Absolute drift is estimated imposing one set of 
reference clocks

Solution of over-determined system by SVD



ResultsResults



ResultsResults



Testing the methodologyTesting the methodology



Testing the Testing the 

methodologymethodology



ResultsResults



ResultsResults



ResultsResults



Breakthrough: Breakthrough: The NERIES OBS meeting in The NERIES OBS meeting in 

Paris Paris –– meeting with meeting with Klaus Klaus SchleisiekSchleisiek, General , General 

Manager of SENDManager of SEND













• What if you cannot synchronize the clock after recovery?

• What would be the expected time drift?



• What happened?



I suspect an anomaly, namely, either the synchronization 
time (GPS-command) or the skew time (SKEW or DRIFT 
command) was off by 3 or 4 seconds. We have seen this 
in the past. There is even an (unpublished) command in 
the MCS to correct that: SECONDJUMPS. But now, it is 
too late to apply it. You have to look at events at the 
beginning, in the middle, and at the end of the recording 
and compare it with "good" OBS data to decide what 
happened.

Klaus Schleisiek



Trial 3: Trial 3: Back to square one. Revise earthquake Back to square one. Revise earthquake 

phase data, integrate with NCF, propose a time phase data, integrate with NCF, propose a time 

correction for correction for allall instrumentsinstruments



Argument: an improved correlation with clock drift 
estimated by NCF



Selection of 296 best located events in the area defined 
by the OBS network









Using double differences instead of residuals





Searching for an absolute time reference:Searching for an absolute time reference:

integration of land recordingsintegration of land recordings

We used 118 events also recorded by the land network

average OBS drift = -0.47 s/year





Systematic drift of the land stations when compared to 
the OBS data



A proposal of time drift corrections to be A proposal of time drift corrections to be 

applied to the NEAREST datasetapplied to the NEAREST dataset

• All 3 methods investigated fail to find any time drift 
greater than ±±±±2 s as measured onboard

• All 3 methods are coherent with correlation slopes 
between 0.7 and 0.9

• The information provided by SEND allowed us to include 
in the problem the proposal of integer time corrections

• We use as absolute time-reference the land station P-
wave arrivals and derive all other corrections using the 
double-difference time residuals method









A posteriori drifts from DD time residuals



A posteriori drifts 
from DD time 
residuals



Preliminary evaluation: average Preliminary evaluation: average 

residuals for the 296 eventsresiduals for the 296 events

Location is performed adjusting Vp/Vs and finding the 
best station time delays that account for local structure 
differences

• NO Correction: RMS=0.400 s
• CRUISE Correction: RMS=0.445 s
• NEW Correction: RMS=0.386 s

After all this work we obtain 3.5% improvement over NO 
correction and 13% improvement over CRUISE 
corrections



Average station delays



Average station delays



Station terms from tele-seismic tomographic inversion

Cruise No correctionProposed correction



Thank You!Thank You!


