Towards An Earthquake Early Warning System in Israel
Implementing ElarmS for the Israeli Seismic Network
Ran N. Nof and Richard M. Allen

Berkeley Seismological Laboratory - UC Berkeley

S33B-2784

4. Real Time Results

1. Background
The Israeli government is now building an Earthquake Early Warning System
(EEWS).
Research objective: Implement and validate the ElarmS EEWS for the Israeli
Seismological Network (ISN).
Challenges: Identify, verify and adjust the location dependent parameters in
ElarmS to Israel region, using an unoptimized seismic network and low seismicity
rate.
Method: We run ElarmS in three different modes:
Historical Playbacks: processing archived data and historic records.
Real-time: continuous data processing.
Simulations: processing simulated event data playbacks.

2. Data

Playbacks: All 39 events with Md>3 in the Geophysical Institute of Israel (GII) catalog, between January 2012 and May 2015, geographical boundaries of 29.0 to
34.5 deg latitude and 33.0 to 37.0 deg longitude (Fig 1).
Real-Time: Processing and performance for M≥2.5, between May 2015 and
August 2015, including two M>4 events.
Simulations: Four earthquake scenarios 5<M<8 along the Dead Sea Transform
and The Mediterranean Sea [Pinsky 2014]
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All four simulated events were detected and alerted upon, with no false alerts.
Magnitude errors: <-0.3 magnitude units
Origin time errors: ~0.3 s
Location errors: <10 km
the exception being the M7.8 (event #4), originally located south of the Greek Karpathos Dodecanese Island.
This first successful attempt of using ElarmS for processing synthetic data, demonstrate the potential of using synthetic data for testing and evaluating the ElarmS
system for different scenarios.

Figure 5: Latencies Histogram for the Israeli
Seismic Network stations (dark gray), The
Royal Jordanian Seismic Observatory Stations (light gray) and the
Geophone Network Stations (dashed line) used
by the GII.

Table 1: Simulation results.
N Origin
Mw
Latitude Longitude OT err.
Time
(sec)

Figure 4: ElarmS Real-Time magnitude estimations vs. GII catalog magnitudes. Note the underestimation of a remote (R>250km) event and the
overestimation of small (M<3) events, mostly categorized as quarry blasts.

3. Playback Results

1 09:05:00 5.1
31.872 35.497
0.32
2 09:34:50 5.8
32.117 35.557
-0.26
3 10:17:05 6.9
31.983 35.498
0.23
4 12:17:05 7.8
35.2
27.5
-67.8*
* Error is a result of the location search grid limits.

Figure 7: Earthquake simulation
results (see Table 1). (A) Event 4 ,
a distant event, outside of the network, leads to a poor solution; (B)
Events 1-3, located along the
Dead Sea Transform were solved
within the expected errors range.

Mw err. Loc. Err.
(km)
0.6
-0.2
-0.2
-0.3

3.22
7.75
5.87
686.81*

5. Real Time Early Warnings Timelines
The June 27, 2015 M5.5 Nuweiba event:

Matched events: 38 (Fig 1).
Missed events: 1 (Classified as Teleseismic by ElarmS).
False events: 1 (Remote stations did not associate with the true event).
Magnitude estimates: using ElarmS default magnitude relations [Kuyuk et al.,
2013] show underestimation (Fig 2a, 3a).
Using a magnitude estimation equation independently developed for Israel [Sadeh
et al., 2014] eliminated the magnitude offsets (Fig 2b, 3b).
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6. Simulation Results

Catalog events (M>2.5): 14 ; Matched events: 8 ; Missed events: 6
3 missed events were 2.5<M<2.7 aftershocks of the M5.5 Nuweiba event
(R>70km).
2 missed events were too distant (R>150km) M3.5 & M4.3.
1 missed event was a M2.5 quarry blast (R>50km).
False events: 2 (M3.2 & M3.4)
Once all needed data is available alert is issued within ~80 milliseconds.

ISN Mean Latency: 2.9 s
Packet Size: 1-9 s (mean 6 s)
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7. Summary
• ElarmS has now been modified to be compatible with ISN.

The most significant event during the analysis period was the June 27, 2015
Mw=5.5 Nuweiba event (Figure 6a). This earthquake was felt across Israel, but
only caused negligible damage.

• We find that it is necessary to use a regionally developed magnitude
estimation equation [Sadeh et al. 2014].
• Real-time results exhibit good performance. Only 2 false alerts were
reported (M3.4 and M3.2) and no earthquakes of M>3 were missed for
R<150km.
• Alert times are currently very short as the ISN is not optimized for real-time.

• ElarmS tends to over-estimate quarry blasts magnitudes due to higher
amplitude P-waves.

Figure 2 – Playback
magnitudes.
ElarmS vs. GII Catalog magnitudes.
Using (A) Original
ElarmS scaling relationships; (B) Revised
magnitude
scaling relations.

• First demonstration of the use of synthetic data to evaluate ElarmS
performance. Scenario-based testing will be important for future planning.
Further work is needed to generate more complete synthetic data.
The methods used here may be useful for implementing ElarmS in other
regions.
The algorithm’s simplicity, robustness and speed are highly suited to regions
with limited seismic data availability. Nevertheless, efforts will be needed to
verify and adjust ElarmS in any new region.

The July 30, 2015 M4.4 Dead Sea event:

A Mw=4.4 event, felt in many areas across Israel, occurred 48km from Jerusalem, at the center of the Dead Sea (Figure 7b).

Event magnitudes
Mean (σ): -0.88 (0.46)

Median: 8.7 km
24% exceed 50 km

Event magnitudes
Mean (σ): -0.08 (0.34)

Median: 1.5 s
24% exceed 55 s

Figure 3:
Error Histograms
for historical playback data (A) Magnitudes
errors
using Kuyuk et al.,
[2013] scaling; (B)
Magnitudes errors
using Sadeh et al.,
[2014] scaling; (C)
Locations errors;
(D) Origin Times
errors.

Figure 1: Playback results.
ElarmS First reported solutions. Gray lines point to GII
catalog locations. Generalized major fault systems are
marked as black lines:
DST-Dead Sea Transform,
CFS-Carmel Fault System,
YMN-Yamouneh
Fault,
RM-Roum; Major cities are
marked in white star:
JER-Jerusalem, AMN-Amman, TLV-Tel-Aviv
and
GAZ-Gaza.
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Figure 6: Location map for two real time events. (A)
The June 27, 2015 M5.5 Nuweiba event. Moment
tensor
solution
from
USGS
(http://earthquake.usgs.gov/ last access Nov. 10, 2015) (B) The
July 30, 2015 M4.4 Dead Sea event. The location of
the November 22, 1995 M7.2 Nuweiba event is
marked as unfilled star. Moment tensor solution after
Baer et al., [2008].
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