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Abstract; The relative locations among the 9 October 2006, 25 May 2009, and
12 February 2013 North Korean underground nuclear tests are estimated by the
double-difference location algorithm, using the relative times of P signals as
well as those of S and LR signals. And location uncertainties are analyzed by
bootstrap method. The relative times are measured with cross-correlation tech-
nique, using vertical waveform data recorded at 19 regional and 8 teleseismic
stations. The results show that the 2013 test locates 257 m south and 385 m
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west relative to the 2009 test with about 150 m uncertainty estimated with 20
stations resampling at 95% confidence level, and the 2006 test is about 503 m
south and 2589 m east to the 2009 test with the same uncertainty.

Key words: nuclear tests; North Korea; relative location; double-difference
earthquake location algorithm
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s 2013 2009

2009

Fig. 2 Measurement of relative arrival times for some phases. In each subplot, signal window
is set by two vertical lines, and waveforms with thick dashed line are the records of 2009 test
and those with thin line are the records of 2013 test (left) and 2006 test (right). The
correlative coefficient between each pair of waveforms aligned according to the relative

arrival time and the filtering band are showed on the right side of each subplot

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net
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Table 1 Relative arrival times for different phases and their residuals
2013 2009 2006 2009 2006 2013
/ / /ms /ms /ms /ms /ms /ms
MDJ] 3.34 6.6 Pn 39 52 —77 12 —120 3
Pg 59 50 37 81 —110 24
Lg 95 54 * * % %
LR 65 9 —70 —23 —170 —20
USRK 3.61 35.6 Pn 64 61 * * * *
Pg 39 7 * * * *
Lg 139 60 * * * *
LR 89 —12 * * * *
CN2 3.65 314.5 Pn —11 57 288 114 299 125
Pg —21 47 321 27 292 6
Lg 79 162 595 50 466 —68
LR —11 79 678.1 13 749 98
Pn —61 31 —87 11 —41 12
KSAR 3.96 193.5 Sn —86 44 —42 45 —2 2
LR —236 —79 6 77 —120 —158
SNY 4.13 279. 2 Pn —61 32 318 105 369 111
Pg —61 42 388 40 428 23
Lg —71 69 558 —75 589 —137
LR —151 7 678 —90 1129 251
INCN 4.25 206.9 Pn * —54 —31 * *
LR * * 271 140 * *
BNX 4. 60 345.5 Pn 11 42 128 101 136 124
SAG 6.03 145.3 Pn -5 44 —362 —16 — 364 —20
DL2 6.16 249.6 Pn * * 232 66 * *
1ZH 7.16 179.0 Pn * —217 —37 * *
YTY 7.19 166. 8 Pn —40 30 —190 57 —251 —28
WM 7.29 119.7 Pn 15 39 —407 14 —439 5
IMG 8.33 78.8 Pn 45 42 —377 37 —426 38
MMA 8.54 87.2 Pn * * —352 77 * *
MJAR 8.65 121.0 Pn —3 23 —372 47 —378 62
SBT 8.67 109. 2 Pn 35 50 —407 28 —454 12
TMR 9.27 87.1 Pn 41 42 —402 27 —462 12
KSK 9.36 105. 2 Pn 63 76 —407 30 —475 —3
HLRA 10. 50 325.0 Pn —10 42 * * * *
MKAR 33.55 295.5 P —31 40 66 —20 78 —32
FINES 60. 06 327.5 P —8 44 —44 —42 —32 —35
WRA 61. 44 174.3 P —7 59 — 146 14 —126 15
AKASG  64.57 316. 3 P -5 53 —36 —49 —46 —69
ASAR 65. 14 175.1 P —26 39 — 147 9 —126 12
GERES 73.43 321.6 P —1 54 —7 0 —21 —21
NVAR 79.42 47.3 P 27 57 —174 16 —220 —13
PDAR 80. 74 39.4 P —6 25 —156 18 —157 33

: ok .
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Table 2 Initial source parameters and relative locations for the three nuclear tests in North Korea

A /°N /°E /m . /°N /°E /m
2013-02-12 02:57.:51. 300 41. 308 129. 076 02:57.:51. 285 41. 302 129. 055 603
2009-05-25 00:54:43.120  41.303 129. 037 550 00:54.:43.121 41. 305 129. 060 548
2006-10-09 01:35:28.020  41.294 129. 094 550 01:35:27.974 41. 300 129.091 553
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Fig. 3 Relative locations for the three nuclear tests in North Korea
(a) Relative epicenter; (b) Focal depth and origin time where the dark points are located using all of the
27 stations and the grey symbols are located using random 20 stations, with 95% confidence level in the

dark circles. The horizontal axis in subplot (b) is the correction of occurrence time for the initial value
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Fig. 4 Comparison of observed relative arrival times with theoretical ones,
where ¢ is standard deviation of the residuals
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