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Summary

In a cooperative project between the University of Bergen and Tibet University (TBU), a small seismic network was installed in June 2004. The Tibet University Seismic Network currently has 3 good stations and one with high noise level and the geometry is not ideal. The network has experienced some operational problems, which partly have been solved, but it is to be expected that more changes will have to be done during the next year before a stable operation can be obtained. The seismological office has been set up and the daily routines established. It is expected that the network will record about 5 local earthquakes a day. The location and magnitude capability was tested with a magnitude 5.5 earthquake occurring at a distance of 300 km. Due to only two stations recording the event, the location was off by 100 km, but the magnitude was calculated locally to 5.4. Thus the local network is in full operation and is capable of calculating reliable magnitudes for the region, and it is also expected to calculate good epicenters, once all station are in stable operation and the network geometry has been improved.

Purpose

The purpose of this visit was to check operation of seismic stations set up in June, 2004, and do corrective measures to improve the operation. Further, the intention was to set up routines for processing the data as well as doing preliminary processing.

Status of stations:

Lhasa (LHAS)

This is the station just outside the building of seismology office at the Tibet University. It did not have any well recorded signals since the beginning of July. When opening the vault, it turned out to be full of water so the sensor inputs were partly shorted and all terminals were corroded. A new sensor with proper housing, brought from Bergen, was installed. The water might have come in through the tube with the cable since this tube was not sealed. The tube was sealed in both ends, however, the vault should be checked at regular intervals.

The a new digitizer board was put in so the digitizer now sends date and time with the data and no cable is needed between the GPS and the PC. The Seislog software was upgraded to the latest version and trigger parameters adjusted so there were fewer triggers. 

During the first 10 days, only the magnitude 5.5 event was recorded (300 km distance, see Appendix 2) and it is estimated, from the signal to noise ratio of this event, that at 300 km distance, the magnitude has to be larger than 4.8 in order to register an event, so very few events will be recorded. It was therefore decided that it would be better to use the equipment as spare/and or new deployment and instead use the single channel GBV as digitizer. The vertical component sensor, that had been underwater, was used. Apparently the sensor is waterproof since it worked ok. For recording, the old QNX PC was used after installing Windows 98. This liberated one of the new PC’s for other use.  SEISAN 7.2 was also installed, SEISAN 8.0 did not run due to limited memory (26 Mb)

The GBV still has the internal sensor installed, however it is not connected. In order to use the GBV for field work, disconnect (internally) the outdoor sensor and connect the internal sensor. This is done by changing a connector.

The LHAS station will serve as real time recording in case of large earthquakes as well as for display and demonstration purposes.

Jamag (JAMG)

This station, about 100 km East of Lhasa, has the best signal to noise ratio of all stations of the network despite of being located on soil. It is also the station recording the most earthquakes (5-6 per day). In quiet periods, the noise level is around 2-3 counts so it should be considered to increase the gain. People walking by caused 67 % of the false triggers. The noise affecting sensor by people movement could be reduced by installing the station on the nearby rock (Figure 1), which might be done in the near future. The pit was a bit wet due to condensation on the metal interior. This can be avoided by insulating the inside wall with styrofoam. This was bought and will be installed at the next visit. The instrument house roof is leaking and the equipment was therefore installed in a large bucket with a lid.
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Figure 1 Location of rock site for improved location of the JAMG station.

Gongga (GONG) 

The station is near the airport and was visited on the first day. Data was collected again after one week (no earthquakes). The station was almost as noisy as LHAS and it was therefore dismantled and the equipment used at the new station PALB, see below.

Nihmo (NIHM)

The station was only visited by Cirin to collect data, a very lengthy affair at the moment (7 h driving one way) due to road repair. The station records well and will remain as long as possible, considering operational problems and cost of operation.

New station Palub (PALB)

After many noise tests (see below), a new station PALB was established to replace GONG. In terms of geometry, it is not ideal to have the station in the middle of Lhasa, but in terms of operation, it is ideal. It is very important to have one good station which can be reached with short notice. Considering the problems experienced with the pocket PC’s, it was decided to use a desktop PC for the installation since altitude should not be a problem. Since the PC’s already available could not be set to start up after power failure, a new PC (ACER) was bought under condition that it would auto start. The new PC could not be set to auto start by BIOS software, but the shop made some changes in the power cables and the setup to make it work. They also claimed that this could be done with almost any PC, including the ones already available !

The sensor was placed at about 50 m distance inside the cave and recording equipment in an outer room, where a table and electricity was available. It was not possible to find a cable with shielded pairs, but a very strong cable with one outer shield and about 16 wires was available at 4 CNY (about 3 NOK)  per m. Unfortunately the pairs were not twisted, which probably is the cause of about 5 counts of 50 Hz noise. It was not

possible to find ground in the rock, so it could not be tested if a proper grounding would fix the problem.  After a couple of days of operation, it turned out that the system was triggering on numerous spikes, which seemed to be power supply related. It seemed that inside the cave, due to humidity, there was frequent near shortages, which caused power supply fluctuation. A UPS was therefore installed, which seemed to cure the problem, at least for the first 2 days of operation. Figures 2-4 show the location and installation.
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Figure 2  Location of the sensor in the Palub cave
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Figure 3 Entrance to the cave at Palub. The GPS antenna is placed above the entrance as shown with the stick.
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Figure 4 The Palub instruments. From left to right: UPS, digitizer screen and PC.

Field operation

There have been several operational problems. The most serious is that the memory cards do not seem to be able to hold more than a certain number of files, irrespective of whether the card is full or not. The limit seems to be between 500 and 2000 files, however rarely over 500 if the files have a normal size for events. Once the limit is reached, the system cannot record any more events even with space on the disk. The problem is largest on stations with a high noise level and many false triggers. The disks were reformatted as NTFS, which did not help. In order to overcome this problem, S-files are now recorded on the Seislog disk and waveform files on the memory card. In addition, the trigger criteria have has been changed to further limit triggering, and this will probably solve the problem.

Some stations have also experienced stop in data collection, which most probably is related to power failures. At one station (GONG), it seemed that the power was off in the daytime for many days, judging from the triggers, however the local personnel claimed this was not the case.

Detections

Prior to installation, noise measurements had been performed at stations JAMG and NIHM, and the locations were, among others, selected due to having the lowest noise level. These stations have triggered well on real earthquakes with JAMG detecting on average 6 events per day and NIHM 4 events per day (has a higher noise level than JAMG). GONG, which had no prior noise tests, turned out to be very noisy, with only one detection in 8 days. Station LHAS, at the university, has an even higher noise level and has only detected the magnitude 5.5 event. It is not yet possible to say how many triggers will be obtained at the new PALB station. By looking at event triggering at JAMG, it is seen that many events have maximum amplitude around 50 counts. Since trigger level is around 3 at PALB, and noise around 25 counts, the maximum amplitude must be at least 75. The distance for most events to PALB is also larger than to JAMC, so an amplitude of at least 100 counts is needed to trigger at PALB. For the events at JAMG, this is only the case for 1 out of 5 events, so in best cases, there should be one event per day at PALB. In the first 3 days of operation, 2 small evens were detected, see Figure 5 for an example. 
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Figure 5  The first detection on PALB. The noise level was about 20, 20 and 40 counts on the Z, N and E components, respectively. The maximum amplitudes are seen to the right, above the traces.

Network operation and configuration

The stations have been visited less than once a month since installation. This is clearly not enough if a stable operation is to be achieved. Also, it seems necessary that university personnel do the maintenance, since local operators have so far had difficulties to operate the equipment.. However, it is costly to visit stations, and currently it takes 7 hours to get to NIHM due to road construction (normally 2 hours). To realistically service the stations, they should at most be 1-2 hours away. This might mean moving the station nearer Lhasa, although a smaller network will give less precise locations. 

Central processing

One of the original field computers, that could not work at high altitudes, was set up as a central processing computer. The PC was upgraded with a CD burner and a printer.  The seismology room was reorganized with all existing equipment and notice board in order to have all equipment together, and to be able to demonstrate what seismological network is doing (Figure 6).

All previous available data for the area of interest (26-34 N, 86-96 E) was installed on the processing computer. The aim is to have the most accurate catalog possible of data within this area. Thus both local data and data from other sources like ISC and PDE are or will be included. Currently the data base contain all ISC data from 1900 to 2002, and local data for the year 1999 and the new local data from June 2004. The data base can be updated when new ISC data become available.

The new data from June 2004 was processed and a report was produced for June, 2004 (Appendix 1).

During the stay, a magnitude 5.5 earthquake occurred 300 km from Lhasa and this served very well to test the location and magnitude capability. A small report about the event was made, see Appendix 2.

The operational routine to follow, was established as follows:

Daily: Check LHAS station for events

2-3 times a week: Get data from PALB, read and locate events.

Every 2 weeks: Get data from another station, read and locate events.

Monthly: When all data have come in; make monthly report. 

Make a backup of waveform data and readings: Go to directory \seismo\save, make a collect of whole data base, copy from WAV events to backup and then copy SAVE to a CD.
For larger events, particularly teleseismic events, compare to PDE, include PDE location for local events and use PDE location for distant events. The PDE locations are available at http://neic.usgs.gov/neis/bulletin/. At the same address, it is also possible to subscribe to bulletins by e-mail. 
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Figure 6  Seismology room

Noise tests

When it became clear that the GONG station could not be used, noise tests were made at a number of locations, primarily near Lhasa so it would be easy to service the station. The noise tests were made with a laptop and the GBV116 seismograph. About 1 minute of noise were measured, while the signal was watched on the screen. By walking by, sensitivity to nearby motion was tested. On the quietest sites, the noise measurements were affected by wind noise and the quietest 10 s section of the noise record was therefore selected for a comparative noise analysis. The maximum amplitude was measured on the raw traces and for band pass filters 1-5 Hz and 5-10 Hz. Lower frequency bands were not used since the instrument has a 4.5 Hz sensor, the results are given in Table 1. Measurements were also made at stations LHAS and JAMG in order to compare to existing stations.

LHAS is the worst of all sites, as expected from the data from the permanent stations. Outside Lhasa, the Sheuruling monastery (Figure 7) has similar noise level as JAMG and when the new airport road is built, it is about a one hour drive from Lhasa. However, the sensor must be placed a bit away from the building and a small hole must be made in the rock (loose rock). The site is also on a hilltop and has strong winds in winter, so construction is a bit elaborate in order to make a good wind protection. Very near and in Lhasa, the best site was the Palub cave with a noise level only 2-3 times that of JAMG and half the noise level of NIHM. The site was not car sensitive at all and had very competent rock. Walking by at 1 m distance was not registered at all. In any case, the cave is not used so there is no man made noise.

	Site
	Raw
	1-5 Hz
	5-10 Hz
	Comment

	LHAS, at lab
	850
	110
	280
	Soil

	University park
	450
	120
	260
	Soil

	By Lhasa bridge, near university
	33
	9
	12
	Rock, car sensitive

10 m from road

	Xiangga, gully, 100 m from road
	72
	21
	39
	Rock, car sensitive

	Jamag, inside instrument house
	11
	3
	5
	Soil, motion sensitive

	Jamag, by rock
	8
	4
	4
	Rock gully

	East of Lhasa, Poligo (5 km)
	18
	8
	14
	Rock, very car sensitive

	Tea shop by Potala
	63
	6
	22
	Rock cave, little car sensitive

	Palub monastery, East of Potola
	21
	6
	14
	Deep cave, sensor 50 m from entrance, not car sensitive

	Road up to Sheuruling monastery
	7
	2
	3
	Loose rock, sensitive to walking by

	Sheuruling monastery, below outside wall near kitchen
	25
	8
	11
	Loose rock, sensitive to walking by

	Sheuruling monastery, inside, North corner
	125
	13
	66
	Floor on soil, very sensitive local motion

	Sheuruling monastery, 30 m below, near track
	32
	7
	11
	Loose rock, sensitive to walking by


Table 1  Noise measurements at different sites: The values given are maximum amplitude in counts. Raw means unfiltered data.
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Figure 7 A possible site at the Sheuruling monastery

China Seismological Bureau (CSB)

CSB has a large office in Lhasa. Despite trying to arrange a visit 2 weeks prior to arrival, it was not possible to get permission to visit. CSB operates a good international IRIS station (Incorporated Research in Seismology) in Lhasa (LSA), as well as several other stations in Tibet. It could obviously be beneficial to cooperate with CSB, and Tsoja Wangmo will try to investigate which cooperation is possible. However, from earlier information given, CSB do not operate local stations around Lhasa so there should not be any conflict of interest.  

GBV setup

The GBV has only one channel so the windows driver must be set up to use the one channel version GBV116. Other parameters are:

Sample rate: 100 Hz

Communication speed: 19200

The GBV can be set up to use other parameters for communication speed and sample rate, however, these values seem to be convenient to use. To log into the GBV, the password is geosysag.

When the GBV is used for the LHAS station, triggering is turned off. It is possible to access the GBV using the Windows98 PC, remember to close the SEISLOG window first since the serial connection only can communicate with one program at a time.

Actions UiB: 
Test Pocket PC for better stability in case of power failures



Investigate memory problem



Send manuals

Actions TBU: 
Insulate sensor boxes



Test new PC to find out if it works at high altitude



Move station LAMG to rock site



Look for a possible site to the North in order to improve station

geometry

Register stations PALB and NHIM at isc.ac.uk 

Equipment on loan from UiB

1 vertical channel 4.5 Hz sensor

3 three component 4.5 Hz sensors

1, three channel Mariotti digitizer with preamplifier and GPS (inc. 5 m antenna)

GBV seismic recorder

Appendix 1

Report for June, 2004
for

The University of Tibet Seismic Network (UTB)

Operated by 

The Department of Science

Address: Environmental Physics institute. Lhasa. Tibet. PRC  

Responsible: Tsoja Wangmo

Email: tsoja2@yahoo.com

The UTB network operates short period stations in and around Lhasa with the purpose of studying the local seismicity. The first station started operating on June 18, 2004. The network is considered experimental and stable operation cannot be expected before  more experience is gained. All data is freely available on request.

Stations:

Station name:

Code

   Latitude(N)
    Longitude(E)    Height (m)

Jamag


JAMG             
  29.6879°      
      91.6694°          4161
Nhimo


NIHM            
  29.4336°              90.1643°         3823
Station 
Operation  time for June
Problems

JAMG 


22-30


    OK

NIHM


17-30                               OK

For the month of June a total of 83 events were recorded (Table 2). Of these, 22 were located with 2 stations and 36 with one station (see Figure 1). 2 events were  teleseismic. The largest local event had magnitude Ml=3.6. The one station locations must be considered very uncertain due to the uncertainty in azimuth determination.

The crustal model used for location is given in Table 1.

	Depth (km)
	Vp (km/s)
	Vs (km/s)

	0-27
	6.0
	3.4

	27-41
	6.5
	3.7

	41-61
	7.0
	4.0

	>61
	8.0
	4.6


Table 1. Crustal model of the area around Lhasa

The magnitude scales used are:

Mc = 2.6log(coda) + 0.001dist –3.0      

Ml = log (amp) – 1.11 log (dist) – 0.00189 dist – 2.09       

Where Mc is coda magnitude, coda is coda length in seconds, dist is hypocentral distance in km, Ml is local magnitude and amp is maximum S-amplitude in nm.
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Figure 1.  Seismicity of area around Lhasa for June 18-30, 2004. The network recorded 83 events for this time period and 58 could be located within the area shown (top). The bottom figure shows the best located events where 2 stations are used. The two stations used are shown with triangles

 Year Date HRMM  Sec L Latitud Longitud Depth AGA NST  RMS   Mc   Ml   Mb

 2004  618  814 42.0 L                        TBU   1                    

 2004  619  719 57.0 L                        TBU   1                    

 2004  620 1731 19.0 L                        TBU   1                    

 2004  621 0005 38.0 L  29.497   90.255  15.0 TBU   1  3.0  1.4          

 2004  621 0015 55.8 L  29.497   90.256  15.0 TBU   1  3.0       1.3     

 2004  621 1727 31.9 L  29.417   90.195  15.0 TBU   1  2.8       0.8     

 2004  622 12 7 16.0 L                        TBU   1                    

 2004  622 1347 42.9 L  30.151   91.699  15.0 TBU   1  0.2  1.7  0.6     

 2004  622 1443 20.1 L  29.433   90.159   0.0 TBU   2  2.8  1.5  1.0     

 2004  622 15 1 43.0 L                        TBU   1                    

 2004  622 1533 57.5 L  29.496   90.257  15.0 TBU   1  3.0  1.0  1.6     

 2004  623  126  1.0 D  -6.960  124.970 537.1 PDE   1                 5.3

 2004  623  144 54.0 L                        TBU   1                    

 2004  623 2329 27.9 L  29.968   93.444  15.0 TBU   1  0.0  2.1          

 2004  624 0027 53.0 L  29.497   90.256  15.0 TBU   1  3.1  0.3          

 2004  624 0254  7.1 L  29.703   93.565  15.0 TBU   1  0.0  2.1          

 2004  624 0320 29.9 L  29.814   93.526  15.0 TBU   1  0.0  2.1          

 2004  624 0559 37.1 L  29.229   93.470  15.0 TBU   1  0.0  2.1  1.3     

 2004  624  642 37.0 L                        TBU   1                    

 2004  624 0841 23.1 L  29.966   92.361  15.0 TBU   1  0.0  1.6  0.9     

 2004  624 0941 42.8 R  29.249   88.778   0.1 TBU   2  3.3       2.2     

 2004  624 1003 35.6 L  29.008   88.944   0.0 TBU   2  3.6       2.8     

 2004  624 10 3 49.0 L                        TBU   1                    

 2004  624 1046 39.0 L                        TBU   1                    

 2004  624 1625  8.3 L  29.072   88.839   0.0 TBU   2  3.6  1.9  1.5     

 2004  624 2011  1.2 L  29.585   89.830  15.0 TBU   2  0.7  2.2  1.6     

 2004  624 2051 51.0 L                        TBU   2                    

 2004  625  235  8.0 D  -6.710  130.360  70.5 PDE   1            6.0

 2004  625 0319 42.9 L  29.649   93.543  15.0 TBU   1  0.0  1.9  1.2     

 2004  625 1028  1.2 L  30.356   93.690  15.0 TBU   1  0.0  2.1  2.2     

 2004  625 1709 56.1 L  29.415   88.642  15.0 TBU   1  0.0  2.1  2.9     

 2004  625 1710  2.7 L  29.449   88.795   0.0 TBU   2  3.5  2.1          

 2004  625 1728 54.3 L  29.083   88.825   0.0 TBU   2  3.2  2.0          

 2004  625 1749 59.0 L                        TBU   1                    

 2004  625 1832 52.4 L  29.016   88.736  15.0 TBU   1  0.0  2.0  2.8     

 2004  625 1832 57.3 L  29.215   88.790   0.0 TBU   2  3.0       2.3     

 2004  625 1846 35.3 L  30.117   95.203  15.0 TBU   1  0.0       1.7     

 2004  625 2347  5.4 L  30.208   94.893  15.0 TBU   1  0.0       1.3     

 2004  626 0259 25.1 L  29.184   88.641   0.1 TBU   2  2.8       3.3     

 2004  626  259 44.0 L                        TBU   1                    

 2004  626 0312 54.8 L  29.040   89.360  15.0 TBU   1  0.0       2.4     

 2004  626 0312 55.9 L  31.751   91.356  15.0 TBU   1  0.0       2.4     

 2004  626 0326 31.1 L  32.348   93.306  15.0 TBU   1  0.0       1.7     

 2004  626 0331 28.3 L  29.104   88.819   0.0 TBU   2  3.2       2.2     

 2004  626  4 8 45.0 L                        TBU   1                    

 2004  626 0444 43.8 L  29.843   95.108  15.0 TBU   1  0.0       1.8     

 2004  626 0600  5.8 L  29.433   88.669  15.0 TBU   1  0.0  2.4  2.9     

 2004  626 0600 10.0 L  29.330   88.751   0.0 TBU   2  3.4       2.7     

 2004  626 0641 14.2 L  30.893   94.802  15.0 TBU   1  0.0       1.9     

 2004  626 1624  9.0 L                        TBU   1                    

 2004  626 1838 35.2 L  29.203   88.668  15.0 TBU   1  0.0       2.9     

 2004  626 1838 40.1 L  29.347   88.742   0.0 TBU   2  3.4       2.5     

 2004  626 1853 58.1 L  29.111   88.817   0.0 TBU   2  2.8  2.0  2.0     

 2004  626 2049 29.2 L  29.668   89.665   0.1 TBU   2  2.3       1.2     

 2004  627 1029 55.3 L  31.319   91.510  15.0 TBU   1  0.0       1.3     

 2004  627 1155  5.0 L                        TBU   1                    

 2004  627 1227  0.7 L  29.742   92.024  15.0 TBU   1  0.0       0.5     

 2004  627 1325 12.0 L                        TBU   1                    

 2004  627 1409 19.2 L  29.351   90.102   0.0 TBU   2  3.2  1.6  1.2     

 2004  627 1418 28.4 L  31.256   94.753  15.0 TBU   1  0.0       1.8     

 2004  627 1524 29.0 L                        TBU   1                    

 2004  627 1943 35.3 L  29.784   92.271  15.0 TBU   1  0.0  1.9  0.9     

 2004  627 2047 59.2 L  30.140   91.755  15.0 TBU   1  0.2       0.2     

 2004  628 0211 48.8 L  30.596   94.714  15.0 TBU   1  0.0       2.1     

 2004  628 0818 29.3 L  34.628   90.541  15.0 TBU   1  0.0       4.2     

 2004  628 2109 36.0 L  29.475   90.025  15.0 TBU   2  1.8       1.4     

 2004  628 2154 30.0 L  30.175   92.810  15.0 TBU   1  0.0       0.9     

 2004  628 2231 52.4 L  29.624   90.249   0.0 TBU   2  2.1  1.4          

 2004  628 2320 55.1 L  29.628   88.918   0.0 TBU   2  3.4  1.9          

 2004  628 2337 18.1 L  30.366   90.671  15.0 TBU   1  0.0       0.9     

 2004  628 2348 22.0 L                        TBU   1                    

 2004  629 0014 38.7 L  29.789   89.666   0.1 TBU   2  3.0  2.0  1.8     

 2004  629  812 31.0 L                        TBU   1                    

 2004  629 2230 57.6 L  30.785   91.794  15.0 TBU   1  0.0       1.8     

 2004  630 0346 18.3 L  30.015   91.931  15.0 TBU   1  0.0       1.0     

 2004  630 1324 21.0 L  29.932   94.853  15.0 TBU   1  0.0  2.0          

 2004  630 1533  3.7 L  29.414   88.664  15.0 TBU   1  0.0       3.5     

 2004  630 1533  8.9 L  29.293   88.773   0.0 TBU   2  3.3  2.0          

 2004  630 1711 45.0 L                        TBU   1                    

 2004  630 2051 23.5 L  29.671   89.742   0.0 TBU   2  1.9  1.4          

 2004  630 2210 24.0 L                        TBU   1                    

 2004  630 2248 47.0 L                        TBU   1                    

 2004  630 2344 39.0 L                        TBU   1                    

Table 2 . All events of June 2004 recorded by TBU. Abbreviations are: HRMM: Hour and minute, Sec, Seconds, L: L or D for local or distant event, respectively, AGA: Agency, NST: Number of station used, RMS: Root mean square of location residuals, Mc, Ml and Mb: Coda wave magnitude, local magnitude and body wave magnitude, respectively.

Appendix 2
The magnitude 5.5 Tibet earthquake of August 24, 2004

The Tibet earthquake of August 24, 2004 occurred 330 km N-NE of Lhasa. It was well recorded on the 2 stations in operation at the time, see Figure 1. Locating with 2 stations and azimuth gave a location about 100 km West of the PDE location, see Figure 2 and 3. This is due in part to the bad station geometry, however the location was acceptable considering the network.

None of the stations were near amplitude saturation, the maximum recorded was 2000 counts while saturation level is at 32000. This is probably due to the insensitivity of the 4.5 Hz sensor at low frequencies. However, even at low frequency, significant energy was recorded, down below 0.2 Hz (Figure 4)

The magnitudes calculated by Tibet University (TBU) were

Moment magnitude Mw =5.4 (calculated from S-wave spectrum)

Local magnitude Ml = 5.2 

The PDE Mw magnitude was given to 5.5. Thus acceptable results have been obtained with this inexpensive network and of particular importance is that the magnitude can be correctly estimated. 
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Figure 1. Seismograms from stations JAMG and LHAS. The time scale is in seconds. Signals have been filtered between 0.1 and 1 Hz.
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Figure 2. The station geometry and epicentral distances. It is seen that due to station geometry, the location is quite uncertain. The azimuth observation helps to give the direction towards the correct epicenter at the North, while without azimuth, also the epicentre to the South is possible..
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Figure 3. Comparison of PDE and TBU epicenters. LSA is Lhasa.
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Figure 4 Low frequency part of signal on station JAMG. The signal has been filtered in the band 0.001 to 0.2 Hz
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