
Key Features
 ► 6-18 Integrated Recording Channels

 ► 24-Bit Output A/D Resolution

 ► IP Based Communications over Ethernet 
and Asynchronous Serial

 ► Embedded/Removable Mass Storage

 ► Remote Alerting for both Event and 
Alarm Triggers

Applications: 
 ► Structural Monitoring (Buildings, 

Bridges, Dams)

 ► Dense Accelerometer Arrays

The 160-03 is a self-contained, fully integrated 
Aftershock System providing the customer 
simple and quick deployment during aftershock 
emergency mobilization. 

The 160-03, 6 channel recorder, contains three 
major components integrated in one case: 

 ► 24-bit resolution low power ADC with CPU 
and Lid interconnect boards; 

 ► power source; and 

 ► three component 2 Hz sensors (two 
horizontals and one vertical) and a triaxial 
MEMS accelerometer.

The self-contained rechargeable battery pack 
provides power autonomy up to 7 days during 
continuous data acquisition at 200 sps on three 
recording channels. For longer power autonomy, 
the 160-03 Aftershock System battery pack 
can be charged from an external source (solar 
power system).

To download recorded data the customer 
should simply connect a laptop to the 160-03 
and data will be automatically off-loaded.

For station operation verification the customer 
is able to display real-time data acquired by the 
160-03 using the iPod Touch connected to the 
system via wireless (Wi-Fi) communication.
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Aftershock study provides practical information 
for local authorities regarding the post 
earthquake activity, which is very important 
in order to conduct the necessary actions for 
public safety.

Due to a relatively short aftershock activity 
period, it is critical to provide rapid deployment 
of emergency personnel to the area in order 
to minimize the time required to estimate the 
extent and amplitude of strong shaking from 
aftershock events.

A dense array of seismic stations consisting of 
high resolution seismic recorders with short 
period seismometers and accelerometers is 
required in order to reduce the time needed 
to detect an event and provide high resolution 
maps of ground accelerations across the 
earthquake region. Therefore, the rapid 
aftershock mobilization of seismic equipment 
should comply with the following critical 
requirements:

 ► Lightweight and small in size;

 ► integrated design with minimal or no 
external peripheral equipment;

 ► Very low power consumption;

 ► Minimal or no field programming;

 ► Easy and quick data download in the field;

 ► Low maintenance.



AFTERSHOCK STUDIES

Earthquake aftershocks are earthquakes in the same region of the main 
shock with smaller magnitude. In general terms, aftershock sequences 
can be described by three empirical scaling relations: 

 ► The Gutenberg-Richter frequency-magnitude scaling;

 ► Bath’s law for the difference in the magnitude of a main shock and its 
largest aftershock;

 ► The modified Omori’s law for the temporal decay of aftershock rates. 

The generalized or modified Omori’s law for aftershock decay depends 
on several parameters specific for each given seismic region and can be 
represented by the following equation:

                   K   n(t) = ______ 
               (c+t)

p

Where:

n(t) – is the number of earthquakes n measured in a certain time t 

K – is the amplitude 

C – is the “time offset” parameter 

p – modifies decay rate and typically falls in the range 0.7 - 1.5.

The rate of aftershocks is proportional to the inverse of time since the 
main shock.

The length of the fault scales with the magnitude of the main shock as 
well as the aftershocks. For example, the aftershock zone of a magnitude 
5 main shock will be under 5 miles across, that of a magnitude 6.5 
will be about 20 miles across, while that of magnitude 8 main shock 
might be over 200 miles long. Larger earthquakes have more and 
larger aftershocks. As the magnitude of the main shock increases, the 
magnitude of the largest aftershock, on average, increases as well. 
The question is often asked, how many aftershocks will there be? On 
average, for each magnitude 5 aftershocks in a sequence, there will be 10 
magnitude 4 aftershocks, 100 magnitude 3 aftershocks, 1000 magnitude 
2 aftershocks, etc. In general, an earthquake large enough to cause 
damage will produce several felt aftershocks within the first hour. The 
rate of aftershocks dies off quickly with time. The second day has many 
fewer aftershocks than the first.

Large aftershocks may pose a substantial hazard to populated areas. 
They can cause even more damage than the main shock as, for example, 
during the M=6.1 aftershock of the 2002 M=7.4 earthquake in Hindu 
Kush, Afghanistan. Another example of a significant aftershock is the 
M=5.8 aftershock of the 1999 M=7.4 Izmit, Turkey earthquake, which 
caused the death of 7 people and left 420 injured. Therefore, the 
prediction and study of aftershock impact is of great interest. The main 
purpose of the aftershock survey is to obtain accurate hypocentral 
locations so that the size and orientation of the fault plane that ruptured 
in the earthquake can be determined.
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It is very important to an aftershock study to simultaneously deploy as 
many recording stations as possible within a 24 to 48 hour time period.
Recording stations may operate from a few weeks to several months 
depending on the aftershock sequence activity. ln order to obtain quality 
seismic data from the main event(s) and aftershocks, a substantial field 
effort is necessary to efficiently deploy temporary seismic stations in 
remote areas. The installation area can cover from a few kilometers to 
100 km of the fault to constrain aftershock locations. 

It is practical to co-site the seismic recorders with strong- motion 
accelerographs that recorded the main shock. Aftershock records from 
these sites, especially near the fault zone, can be used as empirical 
Green’s functions to model the main-shock strong motions. While 
the strong-motion accelerographs typically trigger on only the largest 
aftershocks, the more sensitive portable seismographs assure a much 
richer empirical-Green’s-function dataset.

Trimble Solution

Trimble High Resolution Aftershock System, model 160-03, is an 
excellent seismic instrument that combines both weak and strong 
motion recording. In a typical deployment, each 160-03 (6-channel) 
System can independently trigger and record six components of ground 
motion at 200 samples/second/channel: Three components of ground 
acceleration and three components of ground velocity.

Typical gain settings are x16 for acceleration and x64 for velocity sensor. 
The higher gain for a short period sensor is available.

The table below summarizes parameters for a typical aftershock 
deployment.

Parameters for typical aftershock deployment:

 ► Channel 1, 2, 3 = Up, North, East velocity (2 Hz internal seismometer)

 ► Channel 4, 5, 6 = Up, North, East acceleration (internal accelerometer)

 ► Sample Rate = 200 samples/second/channel

 ► Event Trigger channel = Continuous recording, channels 1–6.

 ► Continuous Record Duration = 1 hour record file

 ► Recording media: Compact USB, 8GB (Industrial Grade)
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Aftershock Deployment, China.

Field Deployment during the Buffalo Blast Experiment
(Photograph courtesy of Daniel Bowman, University of North Carolina)

RAPID DEPLOYMENT OF TRIMBLE’S 
160-03 AFTERSHOCK SYSTEM IN 
QUITO, ECUADOR 

When a magnitude 5.1 earthquake hit Ecuador’s capital city, Quito, on 
August 12 2014, the Geophysical Institute EPN (Instituto Geofísico de 
la Escuela Politécnica Nacional) that monitors seismic and volcanic 
activities in Ecuador was ready to deploy their recently purchased 160-03 
Aftershock Systems at strategic points around the city. The Institute 
had just completed training on set up and configuration of their recent 
investment in the instrumentation.

The epicenter of the earthquake was centered 14 miles (23 km) northeast 
of Quito at a depth of 4.8 miles (7.7 km). The quake triggered several 
landslides just north of Quito and caused large dust clouds from the 
shifting earth. Having pinpointed the epicenter from the national network 
of sensors, the Geophysical Institute EPN was able to deploy the 160-03s 
at the airport, local schools and hospitals to record the aftershock activity 
in the area immediately surrounding the epicenter. 

The 160-03 Aftershock System is completely self-contained (no external 
cables or sensors) with internal batteries and data storage capability 
making aftershock monitoring fast, efficient and relevant. Aftershocks 
are invariably too small to be picked up by the national network therefore 
a vast amount of valuable data is often missed. Being able to quickly 
display real-time data provided the Geophysical Institute EPN with 
practical information for local authorities to mobilize public safety 
measures in the affected area.

Aftershock Recorded on August 14th 2014 1604 hrs.
(Courtesy of Geophysical Institute EPN)

Dust clouds in Quito, Ecuador after a magnitude 5.1 earthquake 
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Model 160-03 (P/N 97124-00)
Mechanical
Size 8” high x 8.63” dia. (20.3 cm x 21.9 

cm)
Weight 11.7 lbs (5.3 Kg)
Watertight Integrity IP67
Environmental
Operating Temperature –30° to +60°C
Storage Temperature –40° to +70°C
Power
Average Power < 400 mW
Accelerometer
Type 3-Component Orthogonal MEMS
Full Scale Range ± 4 g
Frequency Response DC – 45 Hz
Damping 0.7 to Critical
Seismometer
Type Moving Coil / Mass
Natural Frequency 2 Hz
AD Converter
Type Delta-Sigma Modulation, 24-bit 

Output Resolution
Dynamic Range >137 dB @ 100 sps
Channels 6
Input Impedance Matched to Sensor
Sample Rates 200 sps default; 100, 250, 500 sps 

optional
Time Base
Type GPS Receiver/Clock plus a Disciplined 

Oscillator
Accuracy with GPS ±10 μsec after Validated 3-D Fix & 

Locked
Free-running Accuracy 0.1 ppm over the temperature range 

of 0° to 70°C, and 0.2 ppm from –20° 
to 0°C

User Interface
Type LED Array Consisting of 16 LED
Information Display to indicate recording status, 

USB drive status, battery voltage, etc.
Power Control Magnetic switch to turn on both power 

and acquisition
WiFi 1802.11 b/g wireless real-time data 

monitoring
Data Storage
Type USB Flash (up to 8 GB)

Ordering Information
Part No. Description
97124-00 160-03 Accelerograph, 6 Channel Internal 

2 Hz Geophone and Accelerometer (includes 
2 rechargeable batteries)

97270-00 BCI Battery Charger Interface; Charger Kit for 
up to 10 Batteries

100647-00 2 Spare Batteries: MBAT-SR181310
97321-00 8GB USB Stick
97182-10 iFSC/W Kit: Includes: Wi-Fi Serial Adaptor, 

iFSC 16GB Controller
100353-00 160-03 Operations CD

RELATED SUB-SYSTEMS:

High Resolution Seismic Recorders, 130S-01 
Accelerometers, 147-01 & 131B 
Strong Motion Accelerographs, 130-SMHR 

Specifications subject to change without notice.
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NORTH AMERICA
Trimble Navigation Limited
10368 Westmoor Drive
Wesminster, CO 
USA
MonSol_Sales@Trimble.com

Contact your local dealer today

www.trimble.com/infrastructure
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