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1. Introduction

This annual report on the seismicity of Norway and adjacent areas encompasses the time period January 1st - December 31st 2003. The earthquake locations have been compiled from all available seismic stations operating on Norwegian territory including the Arctic islands of Spitsbergen, Bjørnøya and Jan Mayen. In addition, stations from neighbouring countries have been included for large or well recorded events.

In Norway, the University of Bergen (UiB) operates the Norwegian National Seismic Network (NNSN) consisting of 28 seismic stations and NORSAR operates 4 seismic arrays and one seismic station (Figure 1) sponsored by different organisations. Data from temporarily installed local networks are also included whenever data is made available. Phase data from arrays in Russia (Apatity), Finland (Finess), Sweden (Hagfors) and from stations operated by the British Geological Survey (BGS) are also included when available. All phase data are collected by UiB, and a monthly bulletin is prepared and distributed. A brief overview of the events published in the monthly bulletins is given in this annual report. Macroseismic data for most of the felt earthquakes in Norway are collected, and macroseismic maps are presented. In cases where only very few people felt an earthquake, macroseismic information is not collected (questionaries are not sent).

All local and regional events with magnitude larger than 1.5 and all teleseismic events that are detected by the UiB network are included. The merging of data between NORSAR and UiB is based on the following principles: 

i) All local and regional events recorded by NORSAR that are also detected by the UiB network are included.

ii) All local and regional events with local magnitude larger than 2.0 detected by NORSAR and not recorded by the UiB network are included. 

iii) All teleseismic events recorded by NORSAR and also detected by the UiB network are included.


iv) All teleseismic events with NORSAR magnitude Mb(5.0 are included. 

The data from British Geological Survey (BGS) are included in the database in Bergen following the same criteria as for NORSAR data. The only exception is that no teleseismic events are included. 

Data availability to the public

All the data stored in the NNSN data base is also available to the public via Internet, e-mail or manual request. It is possible to search interactively for specific data, display the data remotely (waveforms and hypocenters) and then download the data. The various forms of access are:

1. ftp server: 

The user logs in to the address ftp.geo.uib.no/pub/seismo/DATA, manually moves to the directory containing the data of interest (directory organized in year-month) and copies the data.

2. AutoDrm:

The user sends an e-mail with a request coded with the AutoDrm syntax (Kradolfer, 1996) to autodrm@geo.uib.no and receives the data by e-mail.

3. Web access:  

The user connects to http://www.geo.uib.no/seismo/seisweb/seisweb.html, and starts the SEISWEB access system (Moreno et al, 2002). Through this system, the user can select data by area and magnitude and display the results.
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Figure 1: Norwegian seismic stations. UiB operates the 28 stations in the National Seismic Network (NNSN) and NORSAR operates the four arrays and the station CJMI. The NORSAR array has the same position as the NORESS array.
2.  Velocity models and magnitude relations

The velocity model used for locating all local and regional events, except for the local Jan Mayen events, is shown in Table 1 (Havskov and Bungum, 1987).  Event locations are performed using the HYPOCENTER program (Lienert and Havskov, 1995) and all processing is performed using the SEISAN data analysis software (Havskov and Ottemöller, 1999).    

	P‑wave velocity (km/sec) 
	Depth to layer interface (km)

	6.2
	0.0

	6.6
	12.0

	7.1
	23.0

	8.05
	31.0

	8.25
	50.0

	8.5
	80.0


Table 1: Velocity model used for locating all local and regional events, except for the local Jan Mayen events. From Havskov and Bungum (1987).
Magnitudes are calculated from coda duration, amplitudes or seismic spectra. The coda wave magnitude scale (MC) is estimated through the relation:


MC = ‑3.0 + 2.6 ( log10(T) +0.001 ( D

where T is the coda length in seconds and D is the epicentral distance in km. When instrument corrected ground amplitudes A (nm) are available, local magnitude ML is calculated using the equation given by Alsaker et al. (1991): 


ML= 1.0 ( log(A) + 0.91 ( log(D)  + 0.00087 ( D ‑ 1.67

where D is the hypocentral distance in km. 

The moment magnitude Mw is calculated from the seismic moment M0 using the relation (Kanamori, 1977)


Mw = 0.67 ( log(M0) – 6.06

The unit of M0 is Nm. The seismic moment is calculated from standard spectral analysis assuming the Brune model (Brune, 1970) and using the following parameters:

Density: 3.0 g/cm2

Q = 440 ( f0.7

P-velocity = 6.2 km/s

S velocity = 3.6 km/s

For more computational details, see Havskov and Ottemöller, 2003.

For the Jan Mayen area, a local velocity model (see Table 2) and coda magnitude scale is used (Sørnes and Navrestad, 1975).

	P-wave velocity (km/sec)
	Depth to layer interface (km)

	3.14
	0

	6.33
	3

	8.27
	18


Table 2: Velocity model used for locating local Jan Mayen events. From Sørnes and Navrestad (1975).
The coda magnitude for Jan Mayen is given by Westre (1975):                   

            MC = 3.27 ( log(T) ‑ 3.24 + 0.001 ( D

where T is the coda duration and D is the epicentral distance in km.

The regional and teleseismic events recorded by the network are located using the global velocity model IASPEI91 (Kennett and Engdahl, 1991).

Body wave magnitude is calculated using the equation by Veith and Clawson (1972):

            Mb = log(A/T) + Q(D,h).

Here h is the hypocentre depth (km), A is the amplitude (microns), T is period in seconds and Q(D,h) is a correction for distance and depth.  

Surface wave magnitude Ms is calculated using the equation (Karnik et al., 1962): 


Ms = log(A/T) + 1.66 ( log(D) + 3.3

where A is the amplitude (microns), T is period in seconds and D is the hypocentral distance in degrees.   
Starting from January 2001, the European Macroseismic Scale, EMS98, (Grünthal, 1998) is used. All macroseismic intensities mentioned in the text will refer to the EMS98 instead of the previously used Modified Mercalli Intensity scale. The two scales are very similar at the lower end of the scale for intensities less than VII.

3. Events recorded by the Norwegian stations
A total of 3570 local and regional events, based on the criteria mentioned in section 1, were detected by the Norwegian seismic stations during 2003. Of these local and regional events analysed, 48% were located.

The number of local/regional and teleseismic events, recorded per month in 2003 is shown in Figure 2. The average number of local and regional events recorded per month is 298.

A total of 938 teleseismic events were recorded during 2003, of which 94% were located. In addition to the locations determined at UiB, also preliminary locations published by the USGS (United States Geological Survey) based on the worldwide network are included in the UiB database whenever the earthquake is recorded on Norwegian stations. The monthly average of teleseismic earthquakes recorded by NNSN is 78.
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Figure 2: Monthly distribution of local/regional and distant events, recorded during 2003.
It is important for UiB, as an observatory in the global net of seismological observatories, to read and report as many secondary phases as possible from the teleseismic recordings. All events (teleseismic, regional and local) recorded from January to December 2003 with M ( 3 are plotted on Figure 3.

The station recording statistics for each month from January to December 2003 are given in Table 3. This table shows, for each station, the number of local events that were recorded only at one station, local events recorded on more than one station and recorded teleseismic events. It must be observed that Table 3 shows both earthquakes and explosions, and that the large number of detections at KTK and MOR is mainly due to explosions at the Kiruna/Malmberget mines in Sweden

4. The seismicity of Norway and adjacent areas
A total of 1695 of the recorded events are located inside the NNSN prime area, 54(N-82(N and 15(W-32(E. During analysis and using the explosion filter (Ottemöller, 1995), 43% of these events were identified as probable explosions. Figure 4 shows all local/regional events in the prime area, analyzed and located during 2003.

Figure 5 and Table 4 show the 118 local and regional events, located in the prime area, with magnitudes greater than or equal to 3.0. 44 of these are located in the vicinity of the Jan Mayen island. 
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Figure 3: Epicentre distribution of earthquakes with M ( 3.0, located by the Norwegian Seismic Network from January to December 2003. Teleseismic events recorded only by NORSAR have M ( 5.0.
Table 3a: Monthly statistics of events recorded at each station for January-June 2003. Abbreviations are: LM = Number of local events recorded at more than one station, LS = Number of local events recorded at only one station and D = Number of teleseismic events.
	
	JANUARY
	FEBRUARY
	MARCH
	APRIL
	MAY
	JUNE

	STATION
	LM
	LS
	D
	LM
	LS
	D
	LM
	LS
	D
	LM
	LS
	D
	LM
	LS
	D
	LM
	LS
	D

	ASK
	25
	0
	3
	35
	0
	5
	30
	0
	10
	43
	0
	7
	35
	0
	9
	19
	0
	6

	BER
	14
	0
	3
	23
	0
	6
	11
	0
	10
	19
	0
	7
	15
	0
	9
	7
	0
	6

	BJO1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1
	8
	1
	0

	BLS5
	19
	0
	9
	39
	0
	8
	35
	0
	18
	32
	0
	14
	34
	0
	27
	16
	0
	13

	EGD
	23
	0
	3
	35
	0
	6
	30
	0
	10
	36
	0
	7
	34
	0
	9
	19
	0
	6

	FOO
	14
	0
	4
	20
	0
	4
	11
	0
	6
	22
	1
	4
	18
	0
	17
	17
	0
	10

	HYA
	15
	0
	2
	21
	0
	0
	15
	0
	12
	25
	0
	8
	20
	0
	17
	16
	0
	14

	JMI
	21
	0
	10
	9
	0
	9
	20
	0
	20
	12
	0
	15
	19
	0
	32
	106
	0
	34

	JNE
	21
	0
	0
	9
	0
	0
	20
	0
	0
	12
	0
	0
	20
	0
	0
	118
	0
	0

	JNW
	21
	1
	0
	9
	0
	0
	20
	0
	0
	12
	0
	1
	20
	0
	4
	118
	0
	3

	KBS
	13
	0
	3
	8
	2
	22
	14
	10
	53
	15
	19
	37
	8
	5
	49
	30
	6
	50

	KMY
	11
	1
	2
	51
	0
	2
	40
	0
	4
	42
	0
	8
	36
	0
	13
	19
	0
	13

	KONO
	14
	0
	27
	21
	0
	20
	21
	0
	57
	16
	0
	37
	18
	0
	53
	15
	1
	51

	KTK1
	94
	94
	19
	130
	64
	17
	144
	78
	33
	110
	55
	22
	82
	25
	20
	62
	15
	16

	LOF
	52
	3
	9
	57
	1
	7
	59
	1
	11
	76
	2
	12
	76
	1
	19
	67
	2
	18

	MOL
	17
	3
	7
	18
	5
	7
	22
	6
	24
	18
	3
	13
	29
	4
	25
	18
	4
	20

	MOR8
	95
	10
	21
	131
	7
	16
	133
	14
	32
	110
	16
	27
	95
	10
	28
	62
	8
	20

	NORSAR
	0
	0
	59
	1
	0
	37
	1
	0
	70
	0
	0
	44
	0
	0
	71
	0
	0
	58

	NSS
	31
	0
	23
	48
	2
	17
	32
	0
	30
	25
	2
	22
	45
	0
	35
	41
	1
	29

	ODD1
	26
	0
	2
	51
	0
	5
	48
	0
	4
	36
	0
	3
	18
	0
	6
	13
	0
	5

	OSL
	0
	0
	1
	0
	0
	3
	0
	0
	7
	0
	0
	5
	0
	0
	10
	0
	0
	6

	RUND
	3
	0
	13
	7
	0
	11
	2
	0
	13
	22
	0
	10
	11
	0
	10
	10
	0
	7

	SNART
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	STAV
	1
	0
	1
	0
	0
	2
	2
	0
	6
	1
	0
	4
	1
	0
	10
	1
	0
	7

	STOK
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	SUE
	12
	0
	1
	16
	0
	1
	12
	0
	8
	22
	0
	2
	17
	0
	10
	16
	0
	5

	TRO
	26
	0
	16
	30
	0
	12
	33
	0
	20
	43
	0
	20
	64
	1
	40
	74
	0
	45

	TRON
	1
	0
	1
	0
	0
	2
	1
	0
	7
	1
	0
	8
	6
	0
	13
	3
	0
	17

	NORES
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	SPITS
	22
	0
	0
	12
	0
	0
	28
	0
	0
	25
	0
	0
	40
	0
	0
	36
	0
	0

	ARCES
	47
	1
	0
	49
	0
	0
	68
	0
	0
	57
	0
	0
	75
	0
	0
	69
	0
	0


Table 3b: Monthly statistics of events recorded at each station for July-December 2003. Abbreviations are: LM = Number of local events recorded at more than one station, LS = Number of local events recorded at only one station and D = Number of teleseismic events.
	
	JULY
	AUGUST
	SEPTEMBER
	OCTOBER
	NOVEMBER
	DECEMBER

	STATION
	LM
	LS
	D
	LM
	LS
	D
	LM
	LS
	D
	LM
	LS
	D
	LM
	LS
	D
	LM
	LS
	D

	ASK
	20
	0
	6
	25
	0
	3
	32
	0
	16
	19
	0
	10
	28
	0
	5
	29
	0
	7

	BER
	7
	0
	6
	8
	0
	3
	6
	0
	16
	4
	0
	10
	15
	0
	5
	20
	0
	7

	BJO1
	9
	0
	0
	0
	0
	0
	2
	0
	0
	3
	1
	31
	2
	0
	28
	7
	1
	15

	BLS5
	21
	0
	12
	23
	0
	20
	26
	0
	32
	19
	0
	18
	19
	0
	16
	16
	0
	12

	EGD
	19
	0
	7
	24
	0
	3
	29
	0
	16
	18
	0
	10
	28
	0
	5
	29
	0
	7

	FOO
	9
	0
	7
	3
	0
	2
	20
	0
	13
	12
	0
	5
	12
	0
	4
	16
	0
	5

	HYA
	10
	0
	4
	11
	0
	2
	20
	0
	17
	17
	0
	10
	16
	0
	4
	18
	0
	1

	JMI
	60
	1
	47
	30
	0
	34
	8
	0
	31
	13
	0
	3
	16
	0
	0
	12
	0
	0

	JNE
	62
	0
	0
	26
	0
	0
	9
	0
	0
	12
	0
	0
	16
	0
	0
	13
	0
	0

	JNW
	63
	0
	2
	26
	0
	3
	9
	0
	3
	12
	0
	1
	16
	0
	2
	13
	15
	2

	KBS
	30
	5
	46
	15
	5
	47
	10
	1
	36
	5
	3
	28
	14
	2
	42
	17
	3
	36

	KMY
	18
	0
	1
	29
	0
	1
	31
	0
	10
	25
	0
	3
	21
	0
	3
	22
	1
	2

	KONO
	10
	1
	63
	10
	0
	48
	14
	6
	55
	8
	3
	42
	12
	0
	41
	9
	0
	33

	KTK1
	106
	43
	22
	109
	61
	26
	83
	67
	53
	91
	71
	38
	88
	129
	13
	41
	27
	7

	LOF
	86
	3
	23
	81
	0
	21
	59
	0
	49
	63
	2
	27
	67
	7
	16
	38
	2
	15

	MOL
	6
	5
	10
	20
	6
	13
	24
	4
	53
	16
	15
	32
	16
	9
	22
	13
	7
	11

	MOR8
	76
	14
	29
	95
	23
	26
	72
	5
	56
	104
	2
	47
	101
	10
	35
	70
	2
	24

	NORSAR
	2
	0
	84
	0
	0
	77
	0
	0
	82
	0
	0
	74
	1
	0
	81
	0
	0
	58

	NSS
	40
	0
	46
	45
	2
	31
	16
	0
	59
	41
	1
	49
	41
	1
	39
	23
	0
	35

	ODD1
	11
	0
	1
	22
	0
	4
	19
	0
	12
	24
	0
	5
	18
	0
	7
	20
	0
	4

	OSL
	1
	0
	1
	0
	0
	4
	1
	0
	8
	0
	0
	7
	0
	0
	2
	1
	0
	6

	RUND
	6
	0
	3
	4
	0
	2
	9
	0
	13
	6
	0
	11
	12
	0
	5
	12
	0
	7

	SNART
	0
	0
	0
	0
	0
	0
	6
	0
	5
	7
	0
	1
	9
	0
	2
	8
	1
	0

	STAV
	3
	0
	4
	3
	0
	1
	1
	0
	7
	2
	0
	3
	1
	0
	1
	3
	0
	2

	STOK
	0
	0
	0
	7
	0
	1
	13
	1
	6
	13
	0
	1
	11
	0
	1
	13
	0
	2

	SUE
	10
	0
	2
	10
	0
	2
	18
	0
	10
	11
	0
	1
	8
	0
	2
	6
	0
	0

	TRO
	95
	0
	64
	97
	0
	48
	74
	1
	71
	77
	0
	57
	76
	0
	54
	60
	0
	40

	TRON
	6
	0
	9
	4
	0
	3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	NORES
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	SPITS
	41
	0
	0
	18
	0
	0
	15
	0
	0
	10
	0
	0
	22
	0
	0
	28
	0
	0

	ARCES
	82
	0
	0
	43
	0
	0
	71
	0
	0
	38
	0
	0
	59
	0
	0
	56
	0
	0
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Figure 4: Epicentre distribution of events analyzed and located from January through December 2003. Earthquakes are plotted in red and probable and known explosions in yellow. For station locations, see Figure 1.
It is emphasized that it is often difficult to get a good magnitude estimate for the earthquakes located on the oceanic ridge in the Norwegian sea, since distances are too large to compute a proper ML, too short for Mb and coda magnitudes for these locations are often unreliable.

Most of the recorded earthquakes in this area have magnitudes above 3.0 if the earthquakes are recorded on Norwegian mainland stations.

The largest local or regional earthquake in 2003, recorded on Norwegian stations, occurred on July 4th 2003 at 07:16 (UTC) southeast of Svalbard. The earthquake had a magnitude of Mw = 5.3 and was felt at the island Hopen (Sørensen et al., 2003).
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Figure 5: Epicentre distribution of located events with one of the calculated magnitudes above or equal to 3.0. All earthquakes are listed in Table 2. For station location, see Figure 1.
The largest earthquake in the vicinity of the Norwegian mainland occurred on August 4th at 03:08 (UTC). The earthquake was located offshore in the Norwegian Sea at 66.1(N, 5.7(E and had a moment magnitude of Mw = 3.7. Some of the recorded seismograms from the earthquake are shown in Figure 6.

During 2003, two new stations have been installed in mainland Norway. These stations are located in Stokkvågen, close to the existing station in Mo i Rana, and in Snartemo in Southern Norway. Installation of the Stokkvågen station has made it possible to locate a number of the many events occurring in this area. Figure 7 shows the locations of the 71 earthquakes located in the area in 2003. In 2002, 37 earthquakes were located in the same region, so the installation of STOK (in the last half of 2003) has increased the number of located events by 92%.

Table 4: Local and regional events in prime area with any magnitude above or equal to 3.0 for the time period January through December 2003. For depth determination, see section 5.

Abbreviations are: HR = hour (UTC), MM = minutes, Sec = seconds, L = distance identification (L=local, R=regional, D=teleseismic), Latitud = latitude, Longitud = longitude, Depth = focal depth (km), F = fixed depth, AGA = agency (BER=Bergen), NST = number of stations, RMS = root mean square of the travel-time residuals, Mc = coda magnitude, Ml = local magnitude and Mw = moment magnitude.
 Year Date HRMM  Sec L Latitud Longitud Depth F  AGA NST  RMS   Mc   Ml   Mw

 2003  1 1 1028  5.6 L  71.107   -6.784  10.0 F  BER   3  0.5  2.3  3.1     

 2003  1 2 1625 21.8 L  73.470   11.153  10.0 F  BER  10  1.1  3.4  2.4     

 2003  1 4 1748  1.9 L  61.708   16.670  12.1    BER  21  1.6  3.4  2.7     

 2003  1 7 2348 40.7 L  71.352   -7.391  12.1    BER   5  1.0  3.5  3.3     

 2003  1 9 1929 25.5 L  74.771    8.525  15.0 F  BER  15  1.4  3.8  2.8     

 2003  116 2249 41.8 L  71.197   -8.176  10.5    BER   3  0.3  2.8  3.1     

 2003  122 1408 27.7 L  71.195   -7.930  10.0 F  BER   3  0.4  3.1  3.4     

 2003  213 0221  9.6 L  81.920   -1.129  10.0 F  BER  11  0.9  4.4  3.3  3.8

 2003  214 2146 16.6 L  71.039   -7.108  10.4    BER   3  0.0  2.6  3.1     

 2003  216 0457 38.9 L  74.940   22.697  15.0 F  BER   2  0.8  3.2  2.2     

 2003  3 4 0206 58.7 L  79.738    4.665  10.0 F  BER   6  1.7  3.1  3.0     

 2003  315 0030 57.2 L  78.229    8.614  12.0 F  BER   3  1.0  2.6  3.0     

 2003  321 0227 56.9 L  70.959   -7.125  10.0 F  BER   3  0.3  2.5  3.1     

 2003  326 0630 30.6 L  71.208   -5.255  10.0 F  BER  17  1.4  3.5  3.2     

 2003  4 9 1240  2.9 L  70.747   -6.937  11.0 F  BER  18  1.7  4.0  4.1  4.2

 2003  428 1352 20.4 L  72.029  -11.249  14.3    BER   3  0.6  3.2  3.2     

 2003  5 6 0732 14.1 L  61.128   20.630  15.0    BER   9  1.8  3.4  2.3     

 2003  5 6 0833 16.9 L  61.137   20.704  15.0    BER   9  1.7  3.6  2.3     

 2003  5 6 0854 24.6 L  61.044   20.662  15.0    BER   9  1.7  3.4  2.1     

 2003  5 6 0911 37.1 L  61.151   20.724  15.0    BER   9  1.9  3.5  2.1     

 2003  5 6 0923 46.8 L  61.166   20.692  15.0 F  BER   6  1.7  3.4  2.3     

 2003  5 6 0936 57.4 L  61.227   20.519  15.0 F  BER   8  1.5  3.3  2.1     

 2003  512 0815 17.6 L  70.997   -6.608  10.0 F  BER  23  1.0  3.6  3.7  2.9

 2003  512 1003  3.8 L  71.356   -6.968  12.0 F  BER   3  0.2  3.2  3.0     

 2003  515 1314  5.4 L  71.048   -6.771  10.0 F  BER   3  0.4  2.9  3.4     

 2003  516 1439 42.6 L  62.115    1.946  15.0 F  BER  24  1.7  3.0  2.7     

 2003  518 1726 30.2 L  71.162   -7.293  15.5    BER   3  0.1  2.6  3.1     

 2003  528 2047 20.3 L  71.096   -7.723  17.6    BER   3  0.0  3.4  3.4     

 2003  6 2 0343 33.1 L  77.343    8.675  15.3    BER   3  1.0  3.5  2.7     

 2003  6 4 1136 26.1 L  75.234   18.091   5.1    BER  14  1.6  3.8  3.6     

 2003  6 7 1227 48.8 L  78.064   14.246   0.0 F  BER   7  1.2  2.7  3.1  3.3

 2003  6 7 1423 24.5 L  78.740   17.708  13.7    BER   7  1.2  2.6  3.2     

 2003  6 8 1532  4.0 L  75.251   18.260  15.0    BER  11  1.3  3.3  3.0     

 2003  615 1228 18.9 L  71.317   -9.097  10.0 F  BER   3  0.2  3.2  3.1     

 2003  618 2143  2.3 L  72.027   15.913   5.8    BER  18  1.3  3.7  3.6     

 2003  619 1259 28.2 L  71.117   -7.868  10.0 F  BER  28  1.4       4.5  5.7

 2003  619 1730 44.8 L  71.080   -7.170  15.0    BER   3  0.0  3.2  3.9     

 2003  619 1742 46.2 L  71.269   -7.490  16.3    BER   3  0.1  2.7  3.2     

 2003  619 2034 49.9 L  71.202   -7.585  16.6    BER   3  0.1  2.5  3.0     

 2003  620 0644 20.2 L  56.171   -4.441   3.9    BER  23  0.4       3.0     

 2003  620 1444 42.0 L  80.887    3.285  10.0 F  BER   3  2.2  2.6  3.0     

 2003  621 0957 15.5 L  71.037   -7.526  10.0 F  BER   3  0.3  2.5  3.1     

 2003  621 2318 59.1 L  71.033   -7.431  10.0 F  BER   3  0.2  3.0  3.2     

 2003  622 2132 11.5 L  78.080    8.725  11.0 F  BER   4  0.8  3.2  3.0     

 2003  623 0041 16.7 L  71.020   -7.491  10.0 F  BER   3  0.2  2.4  3.0     

 2003  626 0650  2.9 L  71.036   -7.468  10.0 F  BER   3  0.1  3.2  3.8     

 2003  628 0212  1.9 L  71.148   -7.956  10.0 F  BER  15  1.4  4.6  4.2     

 2003  628 0231 43.7 L  71.056   -7.462  16.4    BER   3  0.1  3.2  3.5     

 2003  628 0342 28.6 L  71.172   -7.495  15.5    BER   3  0.0  2.8  3.1     

 2003  630 1327 21.0 L  71.084   -7.605  10.0 F  BER   3  0.1  3.0  3.3     

 2003  630 1536 25.9 L  71.083   -7.454  10.0 F  BER   3  0.1  2.8  3.3     

 2003  7 1 0537 32.3 L  71.296   -9.153  10.0 F  BER   7  0.8  3.6  3.5     

 2003  7 4 0716 48.0 L  76.486   23.860  10.0 F  BER  26  1.8  5.1  4.9  5.0

 2003  7 4 0727 45.5 L  76.427   24.395  23.0    BER   4  1.4  3.3  3.1     

 2003  7 4 0754  6.6 L  76.410   24.944  15.0    BER   5  2.3  3.5  3.0     

 2003  7 4 0805 44.9 L  76.392   24.755  15.0    BER  10  2.2  3.5  2.9     

 2003  7 4 2223  0.7 L  76.418   25.281  18.5    BER   6  1.9  3.4  2.5     

 2003  7 5 1704  6.2 L  76.460   24.643  19.3    BER   6  1.4  3.4  2.8     

 2003  7 7 2140 58.0 L  71.018   -7.014  10.0 F  BER   3  0.3  2.9  3.3     

 2003  712 0924 57.7 L  71.485   -5.941  15.0    BER   3  0.1  2.9  3.1     

 2003  714 0455  4.1 L  80.356   -0.581  10.0 F  BER  12  0.9  3.5  3.7     

 2003  715 1850 24.8 L  71.120   -7.405  15.6    BER   3  0.1  2.6  3.1     

 2003  722 0342 27.6 L  72.341    0.854  10.0 F  BER  10  2.0  3.4  2.8     

 2003  722 1051 56.8 L  71.449   -4.161  10.0 F  BER   3  0.9  3.1  2.4     

 2003  723 2116 25.5 L  76.542   12.966  20.9    BER  10  1.3  3.4  2.3     

 2003  8 4 0308 29.9 L  66.059    5.695  15.0 F  BER  55  1.6  4.1  4.0  3.7

 2003  8 5 0347 51.1 L  69.864   -7.991  10.0 F  BER   3  0.4  3.3  3.1     

 2003  8 5 0441 22.3 L  71.114   -7.402  10.0 F  BER   3  0.1  2.6  3.0     

 2003  8 7 1501  8.9 L  70.914   -6.733   7.1    BER   3  0.1  2.9  3.5     

 2003  812 2050 57.7 L  71.015   -6.583   9.0 F  BER   3  0.2  2.6  3.1     

 2003  818 0242 33.2 L  78.482    7.840  10.0 F  BER  15  1.6  4.0  3.6     

 2003  818 0254 21.0 L  78.521    6.912  10.0 F  BER   4  1.0  2.9  3.6  3.3

 2003  818 0705 25.9 L  77.427   19.689  11.0 F  BER   3  1.4  3.0  2.7     

 2003  819 0025 21.8 L  77.485   19.061  10.0 F  BER   6  1.5  3.6  2.5     

 2003  822 0349 40.6 L  56.684   11.468  10.0 F  BER  10  1.8  3.3  2.5     

 2003  823 1134  8.8 L  71.419   -9.663  14.0 F  BER   3  0.1  3.0  2.5     

 2003  826 0149 36.3 L  71.318   -8.997  24.5    BER   3  0.1  2.6  3.1     

 2003  830 0104 45.9 L  73.244    6.670  10.0 F  BER  14  1.5  4.1  3.3     

 2003  830 0259 26.5 L  73.250    6.794  10.0 F  BER  10  1.6  3.1  2.6     

 2003  830 0550 22.8 L  73.290    6.664  10.0 F  BER  15  1.8       2.4     

 2003  9 2 0931 57.1 L  81.464    6.269  15.0    BER   4  1.2  2.8  3.5     

 2003  9 2 2013 23.8 L  73.069    7.661  10.0 F  BER   5  0.4  3.0  2.6     

 2003  9 5 0819  0.8 L  76.267   23.122   5.9    BER   3  0.4  3.2  2.7     

 2003  910 0822 13.0 L  70.843   30.768  13.8    BER   4  1.0  3.0  2.0     

 2003  912 1631 17.8 L  78.294   21.229  12.0 F  BER   9  1.6  3.6  3.1     

 2003  916 2320 24.7 L  76.536   25.125  15.0 F  BER  21  2.2  4.1  4.1     

 2003  922 2045 18.0 L  80.519   -1.131  10.0 F  BER  13  1.1       4.5     

 2003 10 5 1610  7.5 L  77.529   29.701  15.0 F  BER   9  1.4  3.7  3.3     

 2003 10 7 0236 54.9 L  79.356    2.462  10.0 F  BER  16  1.4  4.2  4.1     

 2003 1020 0927 53.8 L  71.416   -6.604   6.0 F  BER   3  0.1  3.1  3.1     

 2003 1020 2044 25.4 L  72.528    2.148  10.0 F  BER   5  1.0  3.3  2.5     

 2003 1022 0155  3.6 L  65.704   22.390  15.0 F  BER  12  1.7  3.4  3.0     

 2003 1022 1554 49.0 L  59.456   10.685  15.0 F  BER   2  1.2       3.1     

 2003 1023 0611  9.5 L  72.011   15.668  10.0 F  BER  12  1.3  3.1  2.3     

 2003 1023 1615 30.9 L  59.104   17.870  15.0 F  BER   7  1.4  3.2  2.0     

 2003 11 4 1710 54.6 D  72.062   -2.622  31.0    BER   5  0.8               

 2003 11 5 0108  4.5 D  71.951   -2.298  10.0 F  BER  15  2.5               

 2003 11 5 0108  4.2 L  72.243   -1.524  12.2    BER  16  1.5       3.2     

 2003 11 5 0929 27.6 L  73.830    9.698   8.9    BER  11  1.6  3.0  2.7     

 2003 11 9 0622 20.6 L  76.389   24.970  15.0 F  BER   4  1.6  3.7  2.6     

 2003 1112 1330 22.8 L  70.959   -6.763  10.0 F  BER   3  0.1  2.8  3.4     

 2003 1116 1445 46.7 L  78.298    7.786  10.0 F  BER   6  1.6  3.3  3.7     

 2003 1118 0817 46.9 L  66.406   13.552  16.0 F  BER  11  1.7  3.1  2.7     

 2003 1122 1908 58.2 L  60.218    2.545  15.0 F  BER  23  1.1  2.6  2.3     

 2003 1124 1730  7.7 L  71.273   -9.331  10.0 F  BER   7  0.7  3.2  3.2     

 2003 12 4 1247 48.8 L  56.154   10.880  15.0 F  BER   3  1.3  3.2  2.6     

 2003 12 4 1328 25.8 L  56.376   11.171  15.0 F  BER   3  1.3  3.2  2.5     

 2003 12 7 1859 21.2 L  62.084    6.229  13.0 F  BER  14  1.4  2.2  2.0  2.1

 2003 12 9 1500 15.7 L  64.930   23.662  15.3    BER  13  1.8  3.5  2.9     

 2003 1215 0428 22.9 L  61.673    2.654  10.0 F  BER  41  1.3  2.8  3.3  3.0

 2003 1215 1604 21.3 L  71.205   -7.875  10.0 F  BER  10  0.8  3.7  3.5     

 2003 1217 0204 20.9 L  73.460    7.968  10.0 F  BER   9  1.6  3.1  2.2     

 2003 1218 0525 55.2 L  71.155   -6.723  12.5    BER   3  0.1  2.5  3.0     

 2003 1221 1948 10.2 L  70.875   -7.322  12.0 F  BER  16  1.6       3.5     

 2003 1224 0438  3.8 L  79.209    4.758  10.0 F  BER   5  1.8  3.2  2.8     

 2003 1224 0757 59.3 L  77.808   17.745  10.0 F  BER   4  0.8  2.6  3.2     

 2003 1226 1703 54.8 L  72.495    3.112  10.0 F  BER   4  1.4  3.2  2.2     

 2003 1228 1232  6.9 L  78.390    7.603  15.0    BER   3  0.5  2.7  3.3     
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Figure 6: Seismograms for the earthquake on August 4th 2003 at 03:08 (UTC). The seismograms are filtered between 5-10 Hz. The horizontal time scale is minutes, first marking at 03:09 (UTC).  The station abbreviations are: HYA: Høyanger, KMY: Karmøy, NSS: Namsos, ODD: Odda, RUND: Rundemannen, SUE: Sulen, TRON: Trondheim, BLS: Blåsjø, DOMB: Dombås, LOF: Lofoten, TRO: Tromsø, BER: Bergen, EGD: Espegrend, ASK: Askøy, KONO: Kongsberg, KTK: Kautokeino, JMI/JNW/JNE: Jan Mayen, STAV: Stavanger, MOR: Mo i Rana. 
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Figure 7: Earthquakes located in the Mo i Rana area in 2003 and location of the stations STOK (Stokkvågen) and MOR (Mo i Rana).
Jan Mayen

The Jan Mayen island is located in an active tectonic area with two major structures, the Mid Atlantic ridge and the Jan Mayen fracture zone, interacting in the vicinity of the island. Due to both tectonic and magmatic activity in the area, the number of recorded earthquakes is higher than in other areas covered by Norwegian seismic stations. During 2003 a total of 308 earthquakes were located as seen on Figure 8 and of these, 44 were calculated to have a magnitude equal to or above 3.0. A large number of the events in Figure 8 were recorded in June-July 2003. The largest event occurred on June 19th and had a magnitude of Ml = 4.5.
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Figure 8: Earthquakes located in the vicinity of the Jan Mayen island during 2003.
5. Well recorded earthquakes

Since January 1995, well recorded earthquakes have been selected during the daily analysis and specially marked in the NNSN data base. The event selection is based on signal to noise ratio and the number of recording stations, which entails that both small events near the network and large events further away have been selected. In a few cases also location has been a qualification to mark an event as an event of special interest. These events are studied in greater detail than the other events recorded by the network. Additional phase readings and waveform data are collected if available, mainly from NORSAR and BGS. Particularly the location and the depth estimates are checked. For each event, the rms-vs-depth plot is checked and if possible the event is located using only the nearest stations (D < 200 km) to check if this gives a better location with a well constrained depth. If this is the case, the depth is fixed and the event is relocated using all stations. If no reasonable depth can be determined, the depth is fixed at 15 km for continental earthquakes and at 10 km for oceanic. The same principle for depth determination is also used for the local and regional events with magnitude equal to or above 3.0. For this report, 17 special events have been analyzed (see Table 5). The locations of these events are shown in Figure 9.

Focal mechanisms

It has been possible to determine a focal mechanism for 4 of the 17 well recorded events. These mechanisms are shown in Figure 10.

6. Felt earthquakes
Five earthquakes were reported felt during 2003 (see Table 6 and Figure 11). None of the earthquakes reported felt in Norway were felt by a sufficient number of people for questionnaires to be distributed as basis for isoseismal maps. In addition to the five earthquakes, one rockburst and one explosion were reported felt during 2003.

Table 5: List of 17 well recorded events in 2003.

Abbreviations are: HH = hour (UTC), MM = minutes, Sec = seconds, L = distance identification (L=local), Latitud = latitude, Longitud=longitude, Depth = focal depth (km); F= fixed depth , AGA = reporting agency (BER=Bergen), NST = number of stations, RMS = root mean square of the travel-time residuals, Mc = coda magnitude, Ml = local magnitude, Mb =  body wave magnitude, Ms = surface wave magnitude, Mw = moment magnitude, STRIK = strike, Mom = log of seismic moment in Nm, Strs = stress drop in bar, f0 = corner frequency in Hz and r = source radius in km.

 Year Date HRMM  Sec L Latitud Longitud Depth F  AGA NST  RMS   Mc   Ml   Mb   Ms   Mw STRIK  DIP RAKE   Mom Strs   f0    r

 2003  118 0910  0.7 L  66.461   13.599  13.0 F  BER  11  1.6  2.9  2.1            2.4                  12.6  2.4 6.16.2099

 2003  127 1954 53.9 L  60.407    1.814  20.0 F  BER  16  1.3  2.8  2.9            2.7                  13.2 21.5 7.80.2013

 2003  129 2205 31.5 L  68.574   13.355  12.0 F  BER  10  1.7  2.8  2.4            2.3                  12.5  5.5 9.03.1409

 2003  215 1300  3.5 L  59.221    5.959  12.0 F  BER   7  0.9  1.7  1.3            1.6                  11.50.77110.37.1274

 2003  4 7 0528  9.1 L  60.383    2.053  12.0 F  BER  18  1.6  2.7  2.7            2.5   327   56  -22  12.8 16.510.17.1451

 2003  416 0352 44.7 L  59.703    6.453   5.0 F  BER   7  0.7  1.1  1.1            1.3                  11.10.292 9.97.1319

 2003  5 7 1132 32.3 L  60.417    6.344   6.0 F  BER  11  1.0  1.3  1.3            1.5                  11.30.432 9.65.1334

 2003  512 0815 17.6 L  70.997   -6.608  10.0 F  BER  23  1.0  3.6  3.7            2.9    43   42  -66  13.4 58.3 6.47.2123

 2003  518 0347 54.3 L  61.349    4.071  12.0 F  BER  18  1.3  2.5  2.4            2.4                  12.7  6.2 7.69.1889

 2003  611 2057 51.1 L  60.288    6.073   7.0 F  BER   7  1.1  1.4  1.1            1.5                  11.40.379 8.50.1512

 2003  7 4 0716 48.0 L  76.486   23.860  10.0 F  BER  26  1.8  5.1  4.9  6.1  4.3  5.0   276   46 -103  16.6 28.8 0.64.1835

 2003  8 4 0308 29.9 L  66.059    5.695  15.0 F  BER  55  1.6  4.1  4.0            3.7                  14.7127.3 4.72.2892

 2003 11 5 2022 37.8 L  60.073    6.685   0.1    BER  16  1.1  1.7  1.5            1.7                  11.60.946 9.00.1477

 2003 12 3 0034 45.7 L  57.909    8.478  15.0 F  BER  16  1.0  2.4  1.9            2.2                  12.3  3.3 8.76.1526

 2003 12 7 1859 21.2 L  62.084    6.229  13.0 F  BER  14  1.4  2.2  2.0            2.1                  12.3  3.5 9.39.1493

 2003 1215 0428 22.9 L  61.673    2.654  10.0 F  BER  41  1.3  2.8  3.3            3.0   334   69  -12  13.5 29.3 6.00.2212

 2003 1221 0025  4.3 L  69.535   24.332  13.0 F  BER   4  0.7  2.9  1.9            2.0                  12.1  1.7 8.84.1425
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Figure 9: Epicentre distribution of well recorded events in 2003. For station locations, see Figure 1.
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Figure 10: Earthquakes with focal mechanisms in 2003.
Table 6: Earthquakes reported felt in the BER database in 2003. Abbreviations are: Mc = coda magnitude, Ml = local magnitude and Mw = moment magnitude.

	Nr
	Date
	Time (UTC)
	Max. intensity 

(on MMI scale)
	Magnitude (BER)
	Instrumental epicentre location

	1
	19.06.03
	12:59
	III
	Ml=4.5, Mw=5.7
	71.12N / 7.87W

	2
	28.06.03
	02:12
	III
	Mc=4.6, Ml=4.2
	71.15N / 7.96W

	3
	04.07.03
	07:16
	III
	Mc=5.1, Ml=4.9, Mw=5.0
	76.49N / 23.86E

	4
	21.12.03
	00:25
	III
	Mc=2.9, Ml=1.9, Mw=2.0
	69.54N / 24.33E

	5
	21.12.03
	19:48
	III
	Ml=3.5
	70.88N / 7.32W
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Figure 11: Location of the five earthquakes reported felt during 2003. Numbers refer to numbers in Table 6. 

7. Use of NNSN data during 2003
Data collected by Norwegian seismic stations are made available through the Internet and are provided on request to interested parties. The use and publication of this data is beyond our control.
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