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History

• Early 2000s: the IDC started using SSSCs to model regional propagation effects
for Pn, Pg, Sn and Lg

• 2011: Sandia NL developed RSTT velocity model for N. America (Pn) and
Eurasia (Pn, Pg, Sn, Lg)

• 2016: RSTT-based SSSCs delivered to IDC and tested since then

• 2020 Aug: RSTT-based SSSCs have been deployed in OPS
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Description of test data

Bulletin: REB events only

Events:

Shallow: depth ≤ 40 km
Large: ndef ≥ 20

Period:

Before: [d0 − 1yr, d0) and
After: (d0, d0 + 1yr]1

Stats for:

• World
• North America
• Australia (no SSSCs before)
• Africa (no SSSCs before)

1d0 is August 13th, 2020.
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Why large ndef

• Small event, few teleseismic phases

• Location contolled by regional phases

• Even if the RSTT model is not
accurate, the time residuals will be
small

• High precision but possibly low
accuracy
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Why large ndef

• Large event, many teleseismic
phases

• Location controlled by teleseismic
phases

• If RSTT model is not accurate,
the residuals are expected to be
large

• High precision implies and high
accuracy
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Worldwide — Pn time residuals
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Worldwide — Sn time residuals
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Worldwide — Pg, Lg time residuals
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North America — Pn, Sn time residuals
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North America — Pg, Lg time residuals
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Australia — Pn time residuals
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Australia — Sn time residuals
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Example events in Timor region, Indonesia

Comparison of two REB events
in about the same location:

Location: (−9.2◦, 124.6◦) vs
(−10.1◦, 123.9◦)

Dates: 2019 (before) vs
2021 (after)

mb: 4.8 vs 4.7

Depth: 0 km (fixed)
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Example events in Timor region, Indonesia

PUTTING AN END TO NUCLEAR EXPLOSIONS 16/37 CTBTO.ORG



Example events in Timor region, Indonesia
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Africa — Pn, Lg time residuals
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Africa — Sn time residuals
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Example events in Central Africa

Comparison of two REB events
in about the same location:

Location: (−6.1◦, 29.8◦) vs
(−7.3◦, 27.9◦)

Dates: 2017 (before
RSTT SSSCs) vs
2022 (after RSTT
SSSCs)

mb: 4.8 vs 4.6

Depth: 0 km (fixed)
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Example events in Taganyika/Zaire, C. Africa
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Example events in Taganyika/Zaire, C. Africa

PUTTING AN END TO NUCLEAR EXPLOSIONS 22/37 CTBTO.ORG



Example events in South America

Comparison of two REB events
in about the same location:

Location: (−18.5◦,−70.9◦)
vs (−15.6◦, 71.8◦)

Dates: 2019 (before
RSTT SSSCs) vs
2021 (after RSTT
SSSCs)

mb: 4.5 vs 4.6

Depth: 0 km (fixed)
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Example events close to the Chile/Peru border
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Example events close to the Chile/Peru border
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Worldwide — Defining regional phases
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North America — Defining regional phases
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Australia — Defining regional phases
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Africa — Defining regional phases
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Defining phases — Worldwide

Before RSTT (17864 orids) After RSTT (18874 orids)

Phase ndef ndef (%) ndef/origin ndef ndef (%) ndef/origin

Pn 43549 91.01% 2.44 46566 93.29% 2.31

Pg 4980 95.53% 0.28 5147 96.19% 0.26

Sn 9973 44.66% 0.56 16263 71.75% 0.53

Lg 10926 75.28% 0.61 12009 86.31% 0.58

Total 69428 77.22% 3.89 79985 87.08% 4.24
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Defining phases — N. America

Before RSTT (2142 orids) After RSTT (1963 orids)

Phase ndef ndef (%) ndef/origin ndef ndef (%) ndef/origin

Pn 4130 93.52% 1.93 4418 95.42% 2.10

Pg 1009 94.74% 0.47 862 96.10% 0.51

Sn 820 57.14% 0.38 1194 66.52% 0.42

Lg 2102 80.08% 0.98 1658 84.03% 1.07

Total 8061 84.49% 3.76 8132 87.49% 4.14
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Defining phases — Australia

Before RSTT (1618 orids) After RSTT (1452 orids)

Phase ndef ndef (%) ndef/origin ndef ndef (%) ndef/origin

Pn 2366 93.15% 1.46 2424 97.90% 1.63

Pg 31 96.88% 0.02 34 100.00% 0.02

Sn 220 11.35% 0.14 1228 64.23% 0.15

Lg 220 77.46% 0.14 221 79.50% 0.15

Total 2837 59.17% 1.75 3907 83.13% 2.69
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Defining phases — Africa

Before RSTT (754 orids) After RSTT (678 orids)

Phase ndef ndef (%) ndef/origin ndef ndef (%) ndef/origin

Pn 845 87.56% 1.12 781 94.32% 1.25

Pg 76 95.00% 0.10 58 98.31% 0.11

Sn 110 22.40% 0.15 250 72.05% 0.16

Lg 152 44.97% 0.20 163 74.77% 0.22

Total 1183 63.13% 1.57 1252 86.23% 1.85
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Conclusions

• Time residuals overall improve

Most significant improvement for Sn phases worldwide
Lg time residuals also significantly improved

• No. of defining regional phases generally increases
very significant percentage increase for defining Sn phases (45% → 70%)

▶ overall (45% → 70%)
▶ in Africa (20% → 70%) and
▶ in Australia overall (45% → 70%)

significant increase % of for defining Lg phases
▶ overall (75% → 85%) and
▶ in Africa (45% → 75%)

• Overall very significant improvements in Africa and Australia
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Further plans

• RSTT-based SSSCs (v3.1.0, rel. 2020) has been deployed in DevLAN

has richer ray coverage
includes uncertainties
includes SSSCs for six more recent stations (ARTI, FURI, HILR, LZDM, QSPA,
SHEM)
tested in DevLAN (2021/Q4 – 2022/Q2)
deployment in testbed (2022/Q1)
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