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ABSTRACT 
 

January 1, 2004–December 1, 2006 
 

The cooperative agreement identified here, combined with funding from the State of Utah, provided 
major support for the operation of (1) the University of Utah Seismograph Stations' (UUSS) regional 
and urban seismic network and (2) a regional earthquake-recording and information center on the 
University of Utah campus in Salt Lake City.   
 
On December 1, 2006, UUSS operated and/or recorded 224 stations (98 short-period, 87 strong-
motion, and 39 broadband, with some stations having multiple sensor types); a total of 534 channels 
were being recorded.  A total of 127 stations (338 channels) were being operated and maintained with 
full or partial support from the USGS as part of the Advanced National Seismic System (ANSS).  
These include 11 broadband stations, 81 strong-motion stations, and 35 short-period stations.  USGS 
support is focused on the seismically hazardous Wasatch Front urban corridor of north-central Utah 
but also encompasses neighboring areas of the Intermountain Seismic Belt.  During the report period, 
project efforts variously involved (a) continued development and improvement of a real-time 
earthquake information system in the Utah region as an element ANSS, (b) ongoing network 
operations, and (c) miscellaneous activities, including timely study of new data acquired with our 
modernized network. 
 
Two new ANSS stations were added to our network during the report period—one urban strong-
motion station located on the grounds of the Utah State Capitol in Salt Lake City and one national 
backbone station, partly funded by IRIS, near Cedar City in southwestern Utah that was installed and 
will be operated as a cooperative UUSS-USGS station.  Also, eight existing strong-motion stations 
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operated by the USGS National Strong-Motion Project (NSMP) along Utah’s main seismic belt were 
upgraded (in some cases relocated) and integrated into our ANSS real-time strong-motion network.  
This effort was part of a “Utah Strong-Motion Expansion Project 2005” (USMEP05), a cooperative 
multi-agency project led by UUSS to expand, at least in a limited way (10 stations), real-time strong-
motion monitoring to earthquake-prone cities and towns in Utah outside the Wasatch Front area.  
Besides the eight stations along Utah’s main seismic belt, two other strong-motion stations were 
installed in eastern Utah with state funds.  The agencies that partnered in USMEP05 were UUSS, the 
USGS/ANSS, NSMP, the Utah Department of Emergency Services and Homeland Security, and the 
Utah Geological Survey.   
 
Other notable accomplishments during the report period included: (1) expanding ShakeMap 
capabilities beyond the Wasatch Front area (~65,000 km2) to the entire Utah region (~300,000 km2); 
(2) implementing ShakeCast and generating 18 ShakeMap scenarios for emergency-response exercises 
and planning; (3) completing a multiyear project to refine and revise all magnitudes (ML and MC) in 
our earthquake catalog since 1981 (including two manuscripts for publication); (4) reporting our 
project work in more than two dozen reports, abstracts, and scientific articles—including papers 
(either published or submitted) describing (a) our use of ANSS strong-motion data for studying small 
local earthquakes, (b) ground-motion predictive relations for extensional tectonic regimes, (c) low-
strain site-amplification factors in the Salt Lake Valley, (d) development of site-specific design spectra 
for deep and soft-soil sites, (e) remotely-triggered seismicity in Utah following the Denali Fault 
earthquake, and (f) ground-shaking hazard associated with coal-mining-induced seismicity in Utah; (5) 
installing, configuring, and using new software for routinely generating P-wave first-motion focal 
mechanisms for earthquakes of M 3.5 or larger in the Utah region; (6) improving our Earthworm 
system (hardware and software) for real-time earthquake monitoring and automated alerts; (7) 
stabilizing software and digital-telemetry components associated with our urban strong-motion 
stations—including extensive efforts to remedy, in cooperation with the manufacturer, major 
shortcomings of some government-furnished accelerographs that make up a large part of our inventory 
of strong-motion instrumentation; (8) providing technical assistance to regional seismic networks in 
the ANSS Intermountain West Region and elsewhere; (9) participating in working groups to develop 
the next generation of ground-shaking hazard maps in Utah; and (10) participating in many ANSS 
implementation activities—local, regional, and national. 
 
During the report period, we detected and analyzed more than 18,000 seismic events, including local 
earthquakes, teleseismic and regional earthquakes, and blasts.  A total of 8,637 earthquakes were 
located within and near our regional seismic network—including 5,476 within the Utah region, of 
which 4,144 were within the Wasatch Front area (38° 55'–42° 30' N, 110° 25'–113° 10' W).  Thirty-
seven earthquakes of magnitude 3.0 and larger occurred in the Utah region during the report period, 
and fifty earthquakes  were documented as felt.  The largest earthquake was a shock of magnitude 
(ML) 4.3 that occurred at 16:55 UTC on June 30, 2006, 15 km (9 mi) WSW of Georgetown, Idaho, 
near the Idaho-Utah border. 
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NON-TECHNICAL SUMMARY 

 
January 1, 2004–December 1, 2006 

 
This cooperative agreement, combined with funding from the state of Utah, provides major support for 
urban and regional seismic monitoring in Utah and neighboring areas.  During the report period we 
operated and improved a real-time earthquake information system in Utah's seismically hazardous 
Wasatch Front urban corridor, and we carried out many timely studies of new data acquired with our 
modernized network.  In December 2006, more than 80 strong-motion stations were operating in our 
urban network and a total of 224 stations were being operated and/or recorded as part of the Advanced 
National System (ANSS) to meet needs for emergency response, earthquake engineering, and science.  
More than 5,400 earthquakes were located in our study region during the report period; 37 had a 
magnitude of 3.0 or larger, and 50 earthquakes were reported felt.  The largest local earthquake was a 
shock of magnitude 4.3 on June 30, 2006, near the Idaho-Utah border.  Many of our activities during 
the report period were part of building ANSS in Utah, in the Intermountain West region, and 
nationally. 
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INTRODUCTION 
 
 

This final technical report summarizes performance and results during the three-year period of this 
cooperative agreement from January 1, 2004 through December 1, 2006.  Annual reports were previously 
submitted for Year One (January 1, 2004–January 31, 2005) (Arabasz et al., 2005d) and Year Two 
(February 1, 2005–January 31, 2006) (Arabasz et al., 2006b).  In this report, we give an overview for the 
three-year period, without attempting to repeat all details included in the earlier reports.   
 
During the report period, project efforts chiefly involved: (a) continued development of a real-time 
earthquake information system in Utah’s Wasatch Front area as an element of an Advanced National 
Seismic System (ANSS); (b) timely study of new data acquired with our modernized network; (c) 
ongoing network operations; and (d) miscellaneous related activities.   
 
General Background 
 
This cooperative agreement, combined with funding from the State of Utah, provided major support for 
the operation of (a) the University of Utah Seismograph Stations' (UUSS) regional and urban seismic 
network (Figs. 1 and 2) and (b) a regional earthquake-recording and information center on the University 
of Utah campus in Salt Lake City.   
 
As of December 1, 2006, UUSS operated and/or recorded 224 stations (44% short-period, 39% strong-
motion, 17% broadband, with some stations having multiple sensor types); a total of 534 data channels 
were being recorded.  USGS support is focused on the seismically hazardous Wasatch Front urban 
corridor of north-central Utah, but also encompasses neighboring areas of the Intermountain Seismic Belt. 
 State funds contribute significantly to network-operation costs in the Wasatch Front area, and they 
support network operations in Utah outside this area. 
 
Information products and services produced under this cooperative agreement include rapid earthquake 
alerts, a Web site with near-real-time earthquake information, earthquake catalogs (issued on a quarterly 
basis in preliminary form and periodically in finalized form), automated transfer of hypocentral, 
waveform, and arrival-time data to other outlets prescribed by the USGS for broad access, and extensive 
expert assistance to individuals and groups in earthquake education and awareness, public policymaking, 
planning and design, and hazard and risk assessment.   
 
Scientific objectives include the characterization of tectonic framework and earthquake potential, 
surveillance of space-time seismicity and characteristics of small-to-moderate earthquakes (for 
understanding the nucleation of large earthquakes in the region), improved ground-motion modeling for 
engineering applications, and the documentation and evaluation of various earthquake-related parameters 
for accurate hazard and risk analyses.  Some scientific results are reported to the USGS under separate 
research awards.  
 
ANSS model network — During the past five years our UUSS regional/urban seismic network has 
become a model outside of California for locally implementing ANSS.  This is because of successes in 
integrating weak- and strong-motion recording and in developing an effective real-time earthquake 
information system in advance of the 2002 Salt Lake City Winter Olympics.  We were the first network 
outside California to (a) locally customize and produce automatic ShakeMaps, (b) implement ShakeCast, 
(c) successfully implement the Earthworm Oracle Database for earthquake recording and alarms, (d) 
engineer point-to-multipoint digital telemetry, and (e) complete in-situ calibration of all our broadband 
and strong-motion stations.  We were one of the first to get all our data and metadata into the IRIS Data 
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Management Center (DMC) and also one of the first to cooperatively upgrade and integrate strong-
motion stations of the National Strong-Motion Project (NSMP) into our real-time network. 
 
Earthquake Hazard and Risk in Our Study Region 
 
Earthquakes pose the greatest natural threat for destruction of life and property in Utah.  On a national 
level, the relative hazard and risk of Utah's Wasatch Front area led the USGS to target it for an urban 
strong-motion network of 500 instruments in its 1999 report to Congress for an Advanced National 
Seismic System (ANSS) (USGS, 1999).  The National Seismic Hazard Maps of Frankel et al., (2002, 
gridded data) indicate relatively high ground-shaking hazard for the Wasatch Front—reflected, for 
example, by the following values of peak ground acceleration for the coordinates of the Utah State 
Capitol in downtown Salt Lake City for specified probabilities of exceedance: 10% in 50 yr = 0.30 g; 2% 
in 50 yr = 0.73 g.  
 
Hazard — Tectonically, the Wasatch Front area (see Fig. 1) occupies an active segment of the 
Intermountain Seismic Belt (ISB)—roughly centered on the 383-km-long Wasatch fault zone (Fig. 3).  
Diffuse shallow seismicity, Holocene normal faulting, and episodic surface-faulting earthquakes of M6.5 
to M7.5+ characterize the seismotectonics.  The Wasatch fault is notable as the longest continuous, active 
normal fault in the United States (10 discrete segments)—with five central segments (approximately 
shown in Fig. 2) having an average surface-trace length of about 50 km, Holocene vertical slip rates with 
preferred values in the range of 1.1–1.4 mm/yr, and average recurrence intervals ranging from about 
1,300 to 2,500 years (Lund, 2005, and references therein).  One of the most active segments is the Salt 
Lake City segment, which has produced large, M~7, surface-faulting earthquakes on the average of once 
every 1,300±400 years during the past 5,300 years, with the last one occurring 1,300±650 years ago (see 
Lund, 2005). 
 
Risk — More than three-quarters of Utah's population and economy are concentrated in the Wasatch 
Front area, literally astride the five most active segments of the Wasatch fault.  Population in the Greater 
Wasatch Area, most densely concentrated in the Ogden-Salt Lake City-Provo urban corridor (Fig. 2), is 
growing rapidly from a 1995 base of 1.6 million and is projected to reach 2.3 million by 2010 and 3.1 
million by 2030 (QGET Work Group, 2003).  The value of total new construction in Utah in 2005, most 
of it in the Greater Wasatch Area, was an all-time high of $6.6 billion (Governor’s Office of Planning and 
Budget, 2006).  Recent loss estimates made by the Utah Division of Homeland Security for a magnitude 7 
earthquake on the Salt Lake City segment of the Wasatch fault, based on FEMA’s HAZUS methodology, 
project total losses related to building damage at $38 billion in a nine-county area (Lavine, 2006). 
  
Partnerships 
 
State-federal — The state of Utah currently provides $424,300 per year or roughly 40% of the total costs 
for seismic network operations and associated earthquake research in the Utah region.  Under this long-
standing state-federal partnership, USGS support is focused on the seismically hazardous Wasatch Front 
urban corridor of north-central Utah but also encompasses neighboring areas of the Intermountain 
Seismic Belt.  About half of the current annual funding from the state of Utah contributes to seismic-
network operations in the Wasatch Front area; the remainder, towards network operations in Utah outside 
the Wasatch Front area and for general earthquake research in Utah.  Separate support is provided to the 
University of Utah by the USGS Volcano Hazards Program for the Yellowstone seismic network; the 
latter support represents about 9% of our total UUSS budget for seismic network operations. 

The strength of the combined state-federal funding of our network is that it allows us to balance the 
practical necessities of a regional seismological approach (Fig. 1) along with careful attention to Utah’s 
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urban corridor.  Federal funding also gives us essential flexibility to respond to and study significant 
earthquakes in other parts of the ISB outside of Utah, where our state funds can’t appropriately be used.  
We routinely monitor virtually the entire ISB from Yellowstone National Park to the Utah-Arizona border 
(Fig. 1).  However, our responsibility for producing earthquake catalogs is limited to the Utah and 
Yellowstone regions.   

Institutional — The University of Utah has a longstanding and ongoing commitment to support seismic 
monitoring sponsored by the USGS under this cooperative agreement and earlier agreements dating back 
to the 1970s.  Significantly, the University offers an indirect cost rate of 27.5% for this cooperative 
agreement as a public service (vs. the University’s authorized rate of 49.5% for federal research).  
Another indication of the University’s commitment to partnership is the planning of seismically-
strengthened space for our seismic-network operations in a new building being designed for the 
Department of Geology and Geophysics and planned for occupancy in late 2008 or early 2009. 

Host facilities for seismic instrumentation — Currently, more than 70 siting partners (listed in Appendix 
B) are providing host facilities and/or space for the operation of ANSS seismic instrumentation and 
communications equipment in Utah, predominantly for urban strong-motion monitoring in the Wasatch 
Front area.  These include: 39 cities, towns, and counties; 13 school districts and institutions of higher 
education; and 18 other private and public partners ranging from the Church of Jesus Christ of Latter-Day 
Saints to the Utah Highway patrol.  Some of the partners are providing free access to their communication 
networks.  Dozens of other private individuals graciously allow use of their land for instrument siting.  In-
kind financial support provided by these partners is estimated to be about $10,000 annually.  

Contributions and Benefits to NEHRP 

Both NEHRP and the USGS benefit greatly from this ongoing project in the form of (a) significant 
sharing of costs by the state of Utah under this state-federal partnership and (b) wide-ranging activities by 
the University of Utah seismologists, which effectively relieve the USGS from having to meet the same 
first-order needs in this region.  (Unlike other NEHRP focus regions such as southern and northern 
California, the Pacific Northwest, and New Madrid, there are no collocated USGS earthquake scientists 
here.)  Data and information from our regional/urban network provide essential underpinnings for 
earthquake engineering, emergency response, and science in our region. The USGS also benefits from the 
leadership role we are playing in implementing ANSS both in the Intermountain West region and 
nationally.   

Information products and services produced under this cooperative agreement include:  
• rapid earthquake alerts 
• a Web site with near-real-time earthquake information 
• earthquake catalogs (issued on a quarterly basis in preliminary form and periodically in finalized 

form) 
• automated transfer of hypocenters, waveforms, arrival-time data, and ShakeMaps to other outlets 

prescribed by the USGS for broad access, and  
• extensive expert assistance to individuals and groups in earthquake education and awareness, public 

policymaking, planning and design, and hazard and risk assessment  
(see Table 3 for more details on our network’s products and services).   
 
Scientific contributions from our seismic monitoring include the characterization of tectonic framework 
and earthquake potential, surveillance of space-time seismicity and characteristics of small-to-moderate 
earthquakes (for understanding the nucleation of large earthquakes in the region), improved ground-
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motion modeling for engineering applications, and the documentation and evaluation of various 
earthquake-related parameters for accurate hazard and risk analyses.  Some of our scientific results are 
reported to the USGS under separate research awards. 
 

UNIVERSITY OF UTAH REGIONAL/URBAN SEISMIC NETWORK 
 
Network Overview 
 
Figures 1 and 2 together with Tables 1 and 2 and Appendix A summarize essential information for the 
University of Utah’s urban/regional seismic network.  The regional distribution of conventional 
broadband and short-period stations is effectively shown in Figure 1.  Figure 2 shows our real-time urban 
strong-motion network in the Wasatch Front urban corridor.  A representative seismicity map of the Utah 
region for the period January 1, 2004–December 1, 2006, is shown in Figure 3.  

• 224 — Number of stations (543 channels) we operate and/or record (Table 1): 39 broadband (BB), 87 
strong-motion (SM), and 98 short-period (SP) stations, with some stations having multiple sensor 
types. 

• 181 — Number of stations (462 channels) we operate and maintain (Table 1): 17 BB, 87 SM, 77 SP 
stations.  All data are contributed to ANSS.  We import data from 43 stations (81 channels) and, 
excluding data export to the IRIS DMC, we export data from 81 stations (131 channels) to other 
seismic networks and NEIC.   

• 127 — Number of stations (338 channels) we operate and maintain with full or partial ANSS support 
(Table 2): 11 BB, 81 SM, and 35 SP stations.  Currently, all our ANSS O&M stations are within the 
Utah region.  

 
Data Management Practices and ANSS Data Policy 

Data management practices in our regional/urban seismic network are consistent with ANSS data policy, 
and we have agreed to adhere to the “Advanced National Seismic System Elements of Data Policy” 
adopted by the ANSS National Implementation Committee in December 2003.  In particular: 

• All digitally-recorded waveforms from stations we maintain and operate (channel types EH, 
EN, HH, EL) are archived at the IRIS DMC. From 1981 to the beginning of continuous 
archiving, the archived waveforms are the recorded segments containing seismic events. 

• Continuous archiving of waveform data at the IRIS DMC from our broadband stations began 
on June 19, 2001, and from our strong-motion stations on April 19, 2001.  Since June 2002, 
continuous waveform data from all stations we maintain and operate (EH, EN, HH, EL) have 
been submitted to the IRIS DMC on a daily basis.  Currently, the IRIS DMC retrieves data 
from our Earthworm System wavetanks several times per day.   

• All UUSS instrument responses, dating back to the start of digital recording in 1981, are 
archived at the IRIS DMC in SEED format. 

• All UUSS station locations are available at the IRIS DMC and at 
http://www.seis.utah.edu/catalog/quarterly.shtml as part of our quarterly reports. 

• For all UUSS strong-motion stations, information including site-class, building type, and 
telemetry are available at http://www.seis.utah.edu/urban/smstations.shtml 

• Our standard practice is to calibrate new and changed broadband stations with a step-function 
calibration (Pechmann et al., 1999) before including their responses in a dataless SEED 
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volume. For the Kinemetrics K2s, we use a calibration procedure similar to that for the 
broadband instruments.  For all other strong-motion stations, we develop the response files 
using information provided by the manufacturers and verify that the response remains stable by 
comparing repeated step-function tests.  Response files for the analog stations are constructed 
from the nominal responses for each individual component; some in situ calibrations were done 
on analog telemetry stations using a random binary sequence method (Berger et al., 1979). 

• Our network promptly reports automated and analyst-reviewed earthquake locations into the 
QDDS; earthquake catalog updates are automatically submitted to the CNSS/ANSS catalog 
four times per day (Monday through Friday).  

• The automatic locations and magnitudes are very reliable for real earthquakes.  However, we 
generate a few false alarms per year, and closely spaced events are not always distinguished. 

• ShakeMaps are posted to both our Web site and the USGS Web site within 7 to 9 minutes of 
the event and JPEG images of the intensity maps are emailed to critical users within this same 
time window. 

 
Continuity of Operations  
 
We do not presently have a formal plan for continuity of operations.  It was expected that full funding of 
ANSS would be followed by a systems engineering approach to continuity of operations and the robust 
hardening of network operations centers such as ours.  Under present circumstances, we are taking the 
following approach.  The University of Utah is in the final stages of planning to build a new earthquake-
resistant building for the Department of Geology and Geophysics, within which UUSS is an 
organizational entity.  Completion of this building is expected in 2008–2009.  Our eventual formal plan 
for continuity of operations will be based on operations within this new building.  Until it is completed, 
we are relying upon limited capabilities for continuity that are currently in place.  These include: 

• diverse telemetry routing—State of Utah Microwave System, DSL and frame-relay circuits, radio, 
public Internet, and satellite telemetry (in the case of some national-backbone and USNSN stations in 
or near our region)  

• availability of data transmitted through the state microwave system at any of the system's nodes 
• an uninterruptible power supply (UPS) for our existing computer systems 
• large battery systems for field stations 
• multiple Earthworm machines handling in-coming data 
• two independent Earthworm systems for processing data 
• high-speed Internet connections at home for the duty seismologists 
 
Items we know we need to address in our planning for continuity of operations include one or more 
remote Earthworm nodes to provide redundant data streams to NEIC and the limited capacity of our UPS. 
  
Our primary focus is to make sure data can be retrieved and processed either by UUSS personnel or an 
outside entity (e.g., NEIC) following an interruption to normal business at UUSS.  Our planning is being 
led by Jon Rusho, our Strong-Motion Network Engineer, who has previous industry experience 
designing, implementing, and testing continuity plans.  He also recently completed a FEMA certificate in 
emergency management. 
 
Our planning for continuity of operations views two primary scenarios:  (1) an incident preventing access 
to our UUSS facilities while leaving the facilities intact and functional (e.g., major road closures, 
pandemic, etc.) and (2) an incident that renders the UUSS facilities inoperational.  For the first scenario 
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(facilities intact) we are developing methods for working remotely (e.g., from home or another office).  
For the second scenario (facilities inoperational) we are developing automated systems to continue data 
collection and distribution for at least a subset of our stations.   
 
To achieve our goal of an automated system that continues collection and distribution of data when UUSS 
facilities are inoperational, our plans include: 

• the creation of a “hot” failover site for collection and processing (“hot” meaning that it should have 
data synchronized with the UUSS facilities up to and after whatever event renders UUSS 
inoperational) 

• a redundant Earthworm system at a remote location 
• additional computers deployed at strategic locations in our network to aggregate and distribute data 
 
Response Planning 
 
In preparation for the 2002 Winter Olympics in Salt Lake City, UUSS created a response plan for 
disruptive earthquakes occurring in the Utah region.  Part of this plan includes coordinating with NEIC, 
the Utah Division of Emergency Services and Homeland Security (DES), and the Utah Geological Survey 
(UGS).  DES is responsible for coordinating response with the local governments, and UGS is responsible 
for creating a clearinghouse for earthquake related information.  UUSS is responsible for providing the 
earthquake information—location, magnitude, and levels of ground shaking (ShakeMaps).  Elements of 
the current UUSS response plan include: 

• the designation of a primary duty seismologist 
• e-mail alarms to UUSS staff and designees at UGS and DES 
• a duty seismologist checklist  
• contact information for NEIC in the event that operations fail at UUSS 
 

While this plan has served us well for the last few years, we recognize the need to review and update our 
procedures and to exercise them routinely.  Aspects that need to be examined and put in writing include: 
who (by position) is in charge; who coordinates with NEIC, DES, and UGS; who communicates with the 
media; and the backup location for the command center.   
 
An additional motivator for formal response planning is a requirement by the USGS Volcano Hazards 
Program that monitoring centers such as ours, as part of the Yellowstone Volcano Observatory, create 
response plans to deal in an organized way with any volcanic crisis.    
 

RESULTS AND ACCOMPLISHMENTS 
 
Recorded Seismicity—Overview 
 
During the three-year period of this report (January 1, 2004–December 1, 2006), we detected and 
analyzed 18,161 seismic events, including local earthquakes within or near our regional seismic network 
(48%), teleseismic and regional earthquakes (38%), and blasts (14%).  A total of 8,637 earthquakes were 
located in the Intermountain Seismic Belt, including 5,476 within the Utah region (Fig. 3) and 4,144 
within our standard Wasatch Front reporting region (38° 55'–42° 30' N, 110° 25'–113° 10' W).  Thirty-
seven earthquakes of magnitude 3 or larger occurred in the Utah region (Table 4).  The largest earthquake 
was a shock of magnitude (ML) 4.3 that occurred at 16:55 UTC on June 30, 2006, 15 km (9 mi) WSW of 
Georgetown, ID near the Idaho-Utah border.  During the three-year reporting period, fifty earthquakes in 
the Utah region were documented as felt (Table 5), and we issued nineteen press releases immediately 
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after earthquakes in the Utah region that were either felt by many or were larger than a set threshold 
magnitude of 3.5.  
 
Statistics for recorded seismicity during Year 3 (February 1–December 1, 2006) were as follows:  6,446 
events recorded and analyzed (60% local earthquakes, 30% teleseismic and regional earthquakes, 10% 
blasts); 3,851 local earthquakes in the Intermountain Seismic Belt—including 2,564 in the Utah region 
(Fig. 4) and 1,917 in the Wasatch Front region; seven shocks of M ≥ 3.0; 11 felt earthquakes; five press 
releases.   
 
Real-Time Earthquake Information System 
 
During the period January 1, 2004–December 1, 2006, our project efforts intentionally focused on making 
our real-time information system more robust and on enhancing our ANSS information products and 
services.  Accomplishments included the following:  
 
ShakeMap ⎯ ShakeMap development work during the report period focused on (a) staying current with 
new releases of the software (first, version 3.0 and, most recently, version 3.1), (b) installing ShakeCast, 
(c) expanding ShakeMap capabilities to the entire Utah region, and (d) developing ShakeMap scenarios 
for emergency managers.  During the installation of the new software releases, we worked closely with 
the ANSS ShakeMap working group, both contributing bug fixes and working jointly with them to solve 
other bugs.  We have also been active participants on the ShakeMap mailing list server helping other 
networks with installation and general questions.  Specifically, we have worked with ShakeMap operators 
in northern California, at the University of Memphis, and at the University of Washington.  During 
FY2005, Utah’s seismic network became the first outside of California to run ShakeCast, and we now 
routinely exchange information with the USGS ShakeCast server in Southern California.   
 
Our implementation of ShakeCast was motivated, in part, by discussions in 2004 with the Utah Division 
of Emergency Services and Homeland Security and a representative from FEMA’s Region VIII 
Mitigation Division to plan the next stages of ShakeMap development in Utah.  Both agencies expressed 
desires that (a) ShakeCast be installed to enable automatic merging of ShakeMap data with HAZUS 
software for rapid loss estimates following damaging earthquakes in Utah and (b) that ShakeMap 
coverage be expanded to the entire state of Utah.   
 
Expanded geographic coverage of strong-motion recording outside the Wasatch Front area, at least in 
skeletal form, was achieved by October 2005 as part of the “USMEP05” project (described below).  The 
companion development of a statewide Vs30 site map (see Vs30 Classifications, below) was completed 
about the same time.  In November 2005, the ShakeMap expansion was fully tested and we completed the 
update on our primary Earthworm system, thus formally extending ShakeMap coverage from the Wasatch 
Front area (~65,000 km2) to the entire Utah region (~300,000 km2).  The minimum magnitude for 
generating a ShakeMap is a function of station distribution; the thresholds are 3.0 in the Wasatch Front 
urban corridor, 3.5 in the greater Wasatch Front area outside the urban corridor, and 4.0 elsewhere 
through out the Utah region (see http://www.seis.utah.edu/shake2/shake/icons/shakemap_bounds.jpeg).    
 
During the report period, ShakeMaps were automatically produced and posted to our Web site for nine 
earthquakes (3.0 ≤ ML ≤ 3.3) in the Utah region.  In addition, scenario ShakeMaps for large earthquakes 
on all segments of the Wasatch fault and for other potentially damaging earthquakes both in the Wasatch 
Front area and other parts of the Intermountain Seismic Belt in central and southwestern Utah were  
generated and posted to our Web site.  Many of these scenarios were presented at the 2005 annual 
meeting of the Seismological Society of America in Reno, Nevada (Pankow and Burlacu, 2005). 
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During the report period, we also participated in two earthquake exercises planned by the Utah 
Geological Survey (UGS).  For each exercise we sent e-mail alerts and provided ShakeMap scenarios in 
order to mimic the flow of information following a real earthquake.  We have worked with FEMA and the 
Utah Division of Emergency Services and Homeland Security both to streamline information exchange 
and—as noted above—to expand ShakeMap coverage statewide in Utah.  In September 2005, we joined a 
FEMA-sponsored working group, formed at that time, whose goal is to maximize the distribution and 
effectiveness of ShakeMap and near-real time HAZUS results for stakeholders along the Wasatch Front 
after the occurrence of a large damaging earthquake.  Also, we have provided David Wald of the USGS 
with our site-condition map for his work on calculating Vs30, based on topographic slopes, and we have 
been involved in discussions related to discrepancies.  We also provided Mitch Withers of the University 
of Memphis with our SAC macros for off-line processing of data for ShakeMap and are working with him 
to automate these codes.  Various ShakeMap-related presentations were given at conferences and 
workshops of state emergency managers, the Utah Department of Transportation, the Utah Claims 
Managers Association, and the Utah League of Cities and Towns. 
 
Vs30 classifications — Measurements of average shear-wave velocity in the upper 30 meters (Vs30) have 
been made at 205 sites in Utah’s Wasatch Front Region (WFR) using various techniques—spectral 
analysis of surface waves (SASW), other surface wave analysis methods, downhole, and cone 
penetrometer (see Christenson et al., 2004).  Of these measurements, 16 are located within 100 m of an 
ANSS strong-motion station and 40 are within 1 km (Fig. 5).  Using a subset of the Vs30 data from soil 
sites primarily in the Salt Lake Valley, a geotechnical soil map for the region (Ashland and Rollins, 
1999), and some rock Vs30 values from the literature, a composite Vs30 map for the WFR has been 
constructed for the purposes of ShakeMap (Ashland, 2001; Ashland and MacDonald, 2003). The mapped 
Vs30 units consist of four distinct Quaternary units, an average Quaternary unit, and three rock units—
Tertiary, Mesozoic, and Paleozoic. 
 
During the summer of 2006, Vs30 measurements were made in Weber, Davis, and Utah counties (Jim 
Bay, Utah State University, personal communication).  These data are included in the count of 205 sites 
but were not used in constructing the Vs30 map shown in Figure 5.  Preliminary results indicate that the 
valleys in the WFR have distinct Vs profiles and that Vs30 cannot be exported from one valley to another 
based solely on geotechnical classification.  Once processing is complete, these new data will be used to 
update the Vs30 map in the WFR. 
 
One of the challenges for expanding ShakeMap to the entire Utah region in late 2005 was producing an 
adequate site-condition map of Vs30.  At the time, given the absence of data outside of the WFR, we 
simply exported—with help from the UGS—the Vs30 values from the WFR to the rest of the Utah region 
based on geologic classification (Quaternary, Tertiary, Mesozoic, and Paleozoic) at a 1:500,000 scale.  
The rock units were assigned the same Vs30 values as those determined for the WFR; Quaternary units 
were grouped together and assigned the average of the Vs30 values for the four Quaternary units in the 
WFR.  In rural areas outside the WFR this approach is probably adequate.  However, given what we have 
learned about how Vs30 varies across neighboring basins in the WFR, additional data should be collected 
in southwestern Utah where population and the built environment is growing dramatically 
 
Utah Strong-Motion Expansion Project 2005 (USMEP05) — USMEP05 was a cooperative multi-
agency project to expand, at least in a limited way (10 stations), Utah’s continuously-telemetered strong-
motion network to earthquake-prone cities and towns in Utah outside the Wasatch Front.  The 
participating entities included UUSS, the USGS ANSS program, the USGS National Strong-Motion 
Project (NSMP), the Utah Department of Emergency Services and Homeland Security (DES), and the 
Utah Geological Survey (UGS).  The project was motivated by a desire of DES, a major user of ANSS 
products in Utah, to be able to use ShakeCast to integrate UUSS ShakeMaps into HAZUS in near-real 
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time for damaging earthquakes anywhere in Utah.  The practical importance of having instrumental data 
to constrain ShakeMaps was emphasized by experience from the 2003 San Simeon, California, 
earthquake (see, for example, http://www.cisn.org/docs/CISN_SanSimeon.pdf).  To achieve rudimentary 
real-time strong-motion coverage of population centers in Utah outside the Wasatch Front area, ANSS 
funding was secured in FY2005 to upgrade eight existing NSMP stations along Utah’s main seismic belt 
(which basically follows the I-15 corridor, including a swath of growing cities and towns in southwestern 
Utah) and to add two new stations in eastern Utah with state funds (for details, see 
http://www.seis.utah.edu/usmep05).   Five of the eight NSMP stations were originally installed in the 
mid-1990s as part of a cooperative project between UGS and NSMP with one-time instrumentation 
funding from the Utah Legislature.  As part of USMEP05, NSMP provided new accelerographs for these 
five stations (the other three already had Kinemetrics Etna accelerographs with dial-up telemetry).  UUSS 
took the lead (with ANSS funds) to relocate, permit, and upgrade all eight stations, establish continuous 
real-time telemetry, and integrate them into UUSS’s regional/urban seismic network as “ANSS 
Cooperative” stations.  UUSS also installed the additional two new stations in eastern Utah with 
cooperative support from DES and UGS.  
 
The eight USMEP05 stations along Utah’s main seismic belt were installed in July and August 2005.  
Continuous recording of seven of the stations was achieved by the end of October 2005; telemetry from 
the eighth station, which had to await Internet connectivity provided by the site host, came online in 
October 2006.  The two new strong-motion stations in eastern Utah were installed in the towns of Vernal 
(completed in November 2005) and Moab (completed in August 2006).  By the end of October 2006, 
continuous telemetry from all ten USMEP05 stations was complete and stable, thus meeting the original 
goals of the cooperative project.    
 
Urban strong-motion network in Wasatch Front area ⎯ Excluding the USMEP05 stations, our real-
time strong-motion (“SM”) network in the Wasatch Front area on December 1, 2006, included 84 three-
component accelerometers located at 76 ANSS-funded stations, four ANSS contributing stations (funded 
by the state of Utah), and four ANSS cooperative stations (NSMP stations with real-time telemetry to 
UUSS).  In addition, we use an import protocol to automatically receive from NSMP both parametric data 
(in XML format) and waveform data from 10 other NSMP strong-motion stations in the Wasatch Front 
area that have telephone connections to Menlo Park, CA.  One new ANSS-funded station was added to 
our SM network during FY2005—an urban station on the grounds of the Utah State Capitol in Salt Lake 
City, currently undergoing a $200 million renovation and seismic retrofit scheduled for completion in late 
2007. 
 
For robustness, our real-time SM network uses diverse telemetry, including dedicated circuits, public 
Internet, and point-to-multipoint digital telemetry using spread-spectrum radio links.  For the latter, the 
growing number of SM stations in the Wasatch Front area led us to use Time Division Multiple Access 
(TDMA) configurations instead of point-to-point for many practical reasons (e.g., equipment costs, 
bandwidth use, and factors at our central recording site such as space, power, and the number of 
antennas). Although TDMA digital radio has no ongoing service cost and allows greatest control by the 
network operator, it is our most complex telemetry option; problems have typically arisen from the 
demuxing software and the equipment it runs on.   
 
As part of a status report on Utah’s ANSS SM network for the 2005 annual meeting of the Seismological 
Society of America (Arabasz et al., 2005a), we analyzed trade-offs among telemetry options in terms of 
cost, reliability, and expected performance during a large earthquake.  We also analyzed the comparative 
reliability of government-furnished SM instrumentation in our network.  During 2005 and 2006 we 
continued to try to remedy, in cooperation with the manufacturer, major shortcomings of some 
government-furnished accelerographs that make up a large part of our inventory of SM instrumentation 
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and which we received during 2002–2005 as “beta-status” rather than “production” instruments.   
Persistent problems, whose resolution depends on the issue of new firmware, variously relate to the IP 
stack, FTP server, Ethernet interface, PPP firmware, and serial interface. 
 
Cooperative ANSS/USArray broadband station, CCUT — During 2004–2006 we played the leading role 
in a cooperative project to fund and install a permanent high-quality broadband seismograph station near 
Cedar City, Utah (station code CCUT), as part of a “national backbone” network of 100 uniformly spaced 
broadband stations in the continental United States.  This national-scale network is a key element of the 
Advanced National Seismic System (ANSS) and also is intended to serve as a reference network for 
EarthScope’s USArray project, managed by the Incorporated Research Institutions for Seismology (IRIS) 
and funded by the National Science Foundation.  The project was undertaken jointly by the University of 
Utah Seismograph Stations (UUSS), IRIS, and the U.S. Geological Survey (USGS). 

 
UUSS took the lead in siting and installing station CCUT with the cooperative involvement of the USGS 
and with partial funding from IRIS/NSF in the amount of $30,362.  Total direct costs for the completed 
project are estimated to have totaled approximately $62,000 for equipment, hardware, supplies, travel, 
and labor.  Of the total direct costs, IRIS/NSF contributed 42%, USGS contributed 32% (primarily in 
equipment), and UUSS contributed 26% in state funds.  CCUT will be operated and maintained as a 
cooperative UUSS/USGS station under the ANSS program.   
 
The essential seismic instrumentation at station CCUT includes: (1) a REF TEK 6-channel, 24-bit digital 
seismic recorder (Model 130-01/6) with GPS receiver/clock and 1 GB flash memory, (2) a Streckheisen 
triaxial broadband seismometer (Model STS-2), and (3) an Applied MEMS, Inc., triaxial micro-electro-
mechanical system (MEMS) force-balance accelerometer (REF TEK Model 131A-02/3) with ±3.5g full 
scale.  The sensors are set in a buried vault on bedrock made up of Tertiary porphyritic igneous rock 
associated with a shallow hypabyssal intrusive.  CCUT is located in the Pine Valley Ranger District of the 
Dixie National Forest; a special use permit from the U.S. Forest Service was issued to the University of 
Utah for constructing, operating, and maintaining the station. 
 
Continuous seismic data from CCUT are telemetered by digital spread-spectrum radio first to a radio 
repeater 5.5 km distant and then another 25 km to Cedar City, where an Internet connection is made to the 
UUSS network operations center on the University of Utah campus in Salt Lake City.  From there, 
continuous waveform data are forwarded to the USGS National Earthquake Information Center (NEIC) 
via an Earthworm export module and to the IRIS Data Management Center (DMC) through one of the 
UUSS Earthworm public waveservers.   

 
The period of performance for the IRIS/NSF award was June 1, 2005–May 31, 2006.  CCUT was first 
installed in a temporary mode and was delivering continuous data to both the IRIS DMC and the USGS 
NEIC on March 1, 2006.  Installation of the six-component broadband/strong-motion station was 
completed on May 25, 2006, and the station was fully operational in a permanent mode on June 2, 2006.  
A preliminary evaluation of the quality of the completed station, based on spectral analyses of recorded 
earthquakes and background seismic noise, indicates that CCUT indeed is a high-quality station, possibly 
as good as station SRU—a premium backbone station in east-central Utah. 
  
For extensive details relating to the installation of station CCUT—including site selection, design and 
construction of the sensor vault, professionally designed lightning protection, power system, and 
telemetry—see Arabasz et al. (2006a).  The documentation and technical descriptions should be of 
interest to others involved in siting and installing similar seismic stations.  
 
Earthworm ⎯ We continued hardware and software improvements to our 15-machine dual Earthworm 
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systems for real-time earthquake monitoring and automated alerts.  Work done during the report period, 
besides routine maintenance and monitoring of system performance, included: modifications to 
accommodate new stations and changes in instrumentation and/or telemetry at existing stations; transfer 
of radio telemetry software (Wigate) from a PC to a SUN workstation; and selective installation of 
Earthworm v6.2, which is now running on all of our Earthworm machines except for the PC which 
digitizes data from analog telemetry stations and the machines on the primary system which interact with 
the Oracle database.  Our testing and configuration of Earthworm v6.2 on the latter machines were 
delayed for more than a year by a bug in the Earthworm database software.  The bug was finally fixed by 
David Kragness, a software consultant to the USGS, in late 2004.  We also worked with Paul Friberg of 
Instrumental Software Technologies, Inc., and others, to define and test some improvements to the 
Earthworm module for determining local magnitudes; the improvements were included in Earthworm 
v6.3, which was released on September 30, 2005. 
 
In 2006, as the first stage of updating our post-processing software, we began transitioning away from our 
legacy seismic processing system (a Masscomp 7200C computer running University of Washington 
HAWK software).  Event triggers in our legacy system are based on data streams from analog short-
period stations; data from digital broadband and strong-motion stations are merged after a seismic event is 
identified.  The chief reasons why we run the legacy system in parallel to our Earthworm systems are (a) 
the absence of supported, post-processing software for use by ANSS regional seismic networks in 
combination with Earthworm; (b) the proven efficiency of event triggering in the HAWK software, 
particularly for small seismic events; and (c) format compatibility between HAWK and our post-
processing software.  
 
A desirable next step towards using all recorded data streams more effectively for automatically detecting 
seismic events is to use Earthworm not only for picking and associating arrival times from individual 
stations but also for declaring event triggers within subnets of stations.  Our plan is to configure and write 
triggers using the Earthworm module carl*trig.  The carl*trig module performs automatic event detection 
and consists of two programs, carlstatrig and carlsubtrig.  The carlstatrig program uses a station-triggering 
algorithm that compares a rolling short-term signal average to a rolling long-term signal average.  As it 
was originally written, the station triggering algorithm portion of carlstatrig used a fixed-length, one-
second time window for computation of the short-term average.  We modified the code to allow the time 
length of the short-term average computation window to be a user-specified parameter (STAtime).  The 
updated module was then tested against our currently running HAWK system.  In addition, multiple 
instances of the module with varying STAtime values were tested simultaneously in order to optimize the 
STAtime value.  The modification, along with updated Earthworm documentation, has been accepted by 
ISTI for inclusion in the next release of Earthworm.  Convinced that carl*trig is adequate for generating 
triggers at the current triggering threshold, we are in the process of redefining our subnets to include 
digital short-period and broadband stations together with selected strong-motion stations.  The next stage 
will be to incorporate these new triggers into a post-processing system (yet to be selected). 
 
In spite of efforts to update computer hardware as resources allow, UUSS is about to reach a crisis in 
computer capabilities due to aging hardware and increased I/O load from a constantly expanding number 
of data channels.  Since the end of 2001, the number of data channels recorded by our Earthworm systems 
has increased from 352 to 543 (+54%).   Many of the “workhorses” in our Earthworm systems were 
purchased in 2001, and we were recently informed by SUN Microsystems, Inc., that they will not offer 
maintenance contracts for four key machines after 2007.  Also, we learned the hard way—by losing 
data—that many of our Earthworm machines are running at, or in some cases beyond, capacity.  The 
imminent arrival of the USArray in Utah, starting in late 2006, adds to the problem because we cannot 
ingest significantly more data streams in our data processing.  Beyond continuation of our O&M support, 
the upgrading of our Earthworm computer systems are our highest priority for “Development, 
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Modernization and Expansion” (DME).  Details were provided to the USGS in our three-year renewal 
proposal for this cooperative agreement which was submitted in September 2006.  
 
Accomplishments in Ongoing Network Operations 
 
Noteworthy accomplishments during the report period included the following: 
 
Local magnitude studies and revision of magnitudes in the UUSS catalog since 1981 — As part of our 
project work, two papers were written that report the culmination of work over several years to 
systematically evaluate and revise magnitudes in our UUSS earthquake catalog.  The first paper 
(Pechmann et al., 2007) reported on the development and testing of a methodology for using broadband 
digital telemetry data to compute local magnitudes (MLs) for earthquakes in the Intermountain Seismic 
Belt that are consistent with UUSS MLs previously determined using paper seismograms.  A preprint was 
included in our Year-2 annual technical report (http://www.seis.utah.edu/Reports/usgs2006/usgs2006.pdf) 
as Appendix C, and the paper is now in press in the Bulletin of the Seismological Society of America.   
 
The second manuscript, entitled “Correction of systematic time-dependent coda magnitude errors in the 
Utah and Yellowstone National Park region earthquake catalogs,” by J. C. Pechmann, J. C. Bernier, S. J. 
Nava, and F. M. Terra, is included in this report as Appendix C.   
 
We have completed the task of revising all magnitudes in the UUSS catalog for the time period 1981 to 
2006.  This work, along with current UUSS methodologies for magnitude determinations, is summarized 
in Appendix D:  “Summary of UUSS magnitude determinations: 1981-2006” by J. C. Pechmann, S. J. 
Nava, J. C. Bernier, F. M. Terra, and R. Burlacu. 
 
Near-real-time data exchange with other networks —Throughout the report period, we continued to 
exchange waveform data in near-real-time with several seismic-network centers—primarily, the National 
Earthquake Information Center and centers operated by the Idaho National Laboratory, the Montana 
Bureau of Mines and Geology, Brigham Young University-Idaho, Northern Arizona University, the U.S. 
Bureau of Reclamation, and the University of Nevada, Reno.  These data exchanges are done via the 
Internet using Earthworm import/export software modules.  As outlined in Table 1, as of December 1, 
2006, we were importing data from 43 stations (81 channels) and exporting data from 81 stations (131 
channels) — excluding data exported to the IRIS Data Management Center.   
 
Archiving waveform data — All digital waveform data collected by the University of Utah regional 
seismic network during the report period were submitted to the IRIS DMC.   In addition, we also submit 
to the IRIS DMC continuous waveform data from (a) eight stations of the Northern Arizona University 
(NAU) Seismic Network (as a service to NAU), (b) twelve NSMP strong-motion stations operated with 
continuous telemetry to UUSS as part of a cooperative arrangement with NSMP, and (c) a four-station 
infrasound array operated by UUSS at one site in the Wasatch Front area as part of a cooperative project 
with Southern Methodist University.  Archived event waveforms date back to 1981.  We stopped sending 
segmented waveform data to IRIS when we began submitting continuous data streams.  Continuous 
waveform data from all digitally-recorded waveforms from stations we maintain and operate (channel 
types EH, EN, HH, and EL) have been submitted to the IRIS DMC on a daily basis since June 2002.  
Currently, the IRIS DMC retrieves data from our Earthworm system wave tanks several times per day.  
Using a different system, submission of continuous waveform data from our broadband stations began on 
June 19, 2000, and submission of data from our strong-motion stations began on April 19, 2001. 
 
Submission of earthquake catalog data to ANSS information outlets ⎯ During the report period, 
Earthworm automatic (non-human-reviewed) hypocenters and magnitudes for earthquakes of M ≥ 3.0 in 
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our authoritative regions (Utah and Yellowstone National Park), and for M ≥ 2.5 in the Wasatch Front 
urban corridor, were automatically submitted to the QDDS.  Analyst-determined hypocenters and 
magnitudes for all earthquakes in our authoritative regions were submitted to the QDDS as they were 
completed, using software that we further improved during the report period.  These same data were 
automatically submitted to the ANSS catalog four times per day during the Monday–Friday work week.  
Events of M ≥ 1.0 submitted to the QDDS are automatically posted on the ANSS RecentEqs Web pages. 
 
Assistance to other seismic networks ⎯ We provided technical help to eight other groups during the 
report period:  (1) Puerto Rico seismic network:  Provided technical help for configuring REF TEK-130 
digital recorders; provided examples of response files in SEED format for common instrumentation; 
provided SAC macros for manually determining peak ground accelerations and peak ground velocities 
from strong-motion data and formatting these measurements for use in ShakeMap; set up a Windows PPP 
server to communicate with REF TEK 130 digital recorders; and provided GIS guidance and software to 
help generate geology and Vs30 files for ShakeMap. (2) Northern Arizona University (NAU) Seismic 
Network:  Provided remote maintenance and troubleshooting of their Earthworm system and relayed 
NAU’s data streams to the IRIS DMC; analyzed and fixed problems with NAU’s digitizer software; and 
remotely monitored and assisted in cleaning NAU machines from computer viruses.  (3) Montana 
regional seismic network:  Provided response files and changes to previously-provided UUSS software to 
enable use of digital data from the Butte, Montana, simulated Wood-Anderson seismograph for 
computing local magnitude, ML; helped solve an Earthworm configuration problem that was causing the 
coda magnitude, MC, to be 0.5 units too low; and provided a Linux-compatible version of the UUSS 
software for computing ML.  (4) Brigham Young University-Idaho seismic network:  Helped to 
troubleshoot firewall-related difficulties in exporting seismic data to other networks.  (5) USGS/NEIC:  
Provided Webicorder displays for the USGS’s ANSS seismic network in the Jackson Hole/Teton Region 
in northwestern Wyoming and eastern Idaho; established a mechanism for sending all data from REF 
TEK dataloggers using our RTPD server; and developed a method to gather and send picks, hypocentral 
parameters, and strong ground-motion parameters to the NEIC.  (6) CERI (University of Memphis):  
Provided scripts for automating ShakeMap using Earthworm, our in-house ShakeMap user manual, and 
SAC macros for processing strong-motion data offline.  (7) Instrumental Software Technologies, Inc. 
(ISTI), a USGS/ANSS contractor:  Provided a Solaris-8 platform for testing Earthworm software and 
contributed updated code and documentation for the Earthworm module CarlTrig.  (8) Other:  Provided 
contact information for siting instruments for the RISTRA PASSCAL experiment and worked with 
managers of the Earthscope Transportable Array project, providing advice on siting and collocating 
stations in the Utah region. 
 
Miscellaneous  
 
Triggered seismicity following the Denali Fault earthquake — Following the Denali fault, Alaska, 
earthquake of November 3, 2002, the University of Utah's regional seismic network recorded an abrupt 
increase in local microseismicity during the first 24 hours (> 10 times the average background level), 
beginning with the arrival of the surface waves; elevated seismicity continued for tens of days throughout 
much of Utah's main seismic belt.  The Denali fault earthquake triggered seismicity not only in Utah, but 
also throughout much of the western United States.  During 2004 a manuscript describing the 
observations made in Utah was revised and published in the Bulletin of the Seismological Society of 
America (Pankow et al., 2004).  In addition to the article, we also generated an accompanying electronic 
supplement that contains the earthquake catalog we used in our analysis.  A second, related study that we 
participated in was a regional analysis of the peak dynamic stresses in the western United States from the 
Denali fault earthquake and the role of source directivity in enhancing these stresses.  This study was also 
published in the special volume on the Denali fault earthquake (Velasco et al., 2004). 
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Receiver-function analysis — In collaboration with a University of Utah graduate student and others, we 
analyzed teleseismic earthquakes recorded by both regional broadband instruments and the ANSS urban 
strong-motion network.  The student (now graduated) migrated these data to image crustal and upper-
mantle structure.  Preliminary results were presented at the 2003 Fall meeting of the American 
Geophysical Union (Sheng et al., 2003) and a paper on this work was submitted in 2006 to Geophysics 
(“Coherence weighted migration of teleseismic and exploration seismic data” by J. Sheng, J. Pechmann, 
K. Pankow, R. Nowack, G. Schuster, and Y. Luo).  
 
Studies of data from ANSS strong-motion instruments — As part of our project work, a manuscript was 
completed and submitted in 2006 to Seismological Research Letters that documents the value of Utah’s 
ANSS strong-motion network in the analysis of small local earthquakes.  We show examples of 
hypocentral improvement, discrimination of near-simultaneous events, and an improved first-motion focal 
mechanism.  We also picked reliable P- and S-wave arrival times from 31 local earthquakes located near 
Magna, Utah, in the Salt Lake Valley to demonstrate the useful range of these data as a function of 
magnitude and site-response unit.  The manuscript is included here as Appendix E and is entitled “Use of 
ANSS strong-motion data to analyze small local earthquakes,” by K. L. Pankow, J. C. Pechmann, and W. 
J. Arabasz. 
 
First-motion focal mechanisms — As part of a senior thesis by J. Mark Hale (Hale and Pankow, 2005), 
we installed and configured HASH (Hardebeck and Shearer, 2002) to facilitate routine generation of first-
motion focal mechanisms, when possible, for earthquakes of M 3.5 or larger in the Utah region.  In areas 
of relatively dense station coverage, such as the Wasatch Front, we are attempting to routinely generate 
such fault-plane solutions for earthquakes of M 2.5 and larger.  Since October 2005, suitably-constrained 
solutions have been determined for nine earthquakes (1.9 ≤ ML ≤ 3.6). 
 
Coal-mining-induced seismicity — During the report period we continued studies of seismicity induced 
by underground coal mining in east-central Utah (McGarr et al., 2004; Arabasz et al., 2005b,c) in order to 
serve the needs of (a) mining engineers and mine operators concerned with mine safety, particularly as 
new mining goes to greater depth; (b) decision-makers dealing with the potential hazards of mining-
induced seismicity (MIS) to off-site structures and facilities; and (c) federal agencies such as the U.S. 
Bureau of Land Management (BLM) that are responsible for maximizing the recovery of federal coal 
resources in the region.  Some of the studies involved cooperative research with the USGS and the U.S. 
Bureau of Reclamation, including ground-motion studies of the MIS in order to evaluate the hazard of 
surface ground shaking and to estimate the probable maximum magnitude of MIS for engineering use.  
During 2004 we began partnerships with three coal mines in Utah’s Book Cliffs mining district.  Above 
each mine, we cooperatively installed one 4-component seismograph (3-component accelerometer plus a 
vertical-component short-period velocity sensor) with continuous telemetry to our network operations 
center.  The instrumentation provides mine operators with continuous Webicorder records online, 
improved locations of MIS at the mine sites, and ground-motion data for the larger events.  The 
accelerometers also provide valuable ShakeMap control in central Utah.  UUSS currently has partnerships 
with the University of Utah Department of Mining Engineering, the U.S. Bureau of Land Management 
(BLM), and mine operators at the three coal mines in the Book Cliffs mining district.   
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Infrasound monitoring — In May 2006, a four-channel infrasound array was installed next to our ANSS 
broadband/strong-motion station NOQ (Northern Oquirrh Mountains) along the western side of the Salt 
Lake Valley.  The infrasound equipment was funded by the U.S. Department of Defense (DOD) as part of 
a multi-institutional cooperative project involving UUSS, Southern Methodist University, Western 
Geophysical Corporation, and Ensco, Inc.  Although the infrasound array was intended to record regional 
signals from DOD’s pending “Divine Strake” detonation, continuous data from the array have provided 
useful signals from daily mining explosions at the nearby Bingham Canyon Mine and explosions from the 
disposal of Trident rocket motors by the U.S. Air Force.  UUSS plans to operate the NOQ infrasound 
array on a long-term basis, and one or more similar arrays may be installed in the future.  Our particular 
interest in these data is their potential value for discriminating artificial seismic events from local 
earthquakes as part of routine seismic monitoring. 
 
ANSS implementation activities ⎯ Beyond our direct involvement in ANSS seismic-network operations 
in Utah, we were also significantly involved in many other activities during the report period aimed at 
advancing ANSS locally, regionally, and nationally.  These activities included: our involvement in the 
ShakeMap Working Group and assistance to other ANSS seismic networks (mentioned earlier); securing 
funding from IRIS for a new six-component broadband/strong-motion seismograph near Cedar City in 
southwestern Utah (also mentioned earlier);  coordination of ANSS advisory committees and other 
planning in the Intermountain West (IMW) Region; service on the ANSS National Implementation and 
Technical Integration committees; chairing a working group to develop an evolutionary architecture for 
ANSS; and activism in securing Congressional support for increased ANSS funding.   
 
In February 2006, with funding from the USGS, we helped organize and hosted a two-day “ANSS 
NetOps Workshop” in Salt Lake City for ANSS seismic-network technical staff, including engineers, 
technicians, data analysts, computer professionals, and seismologists.  Forty-two participants from 22 
organizations attended.  For a summary of the workshop, see 
http://www.ceri.memphis.edu/people/withers/NetOps/.   
 
In August 2006, with funding from the USGS, we organized and hosted a two-day “ANSS-IMW Strategic 
Planning Meeting” in Salt Lake City.  Twenty-six participants from throughout the ANSS Intermountain 
West (IMW) region (AZ, CO, ID, MT, NM, NV, UT, WY) attended, including 11 members (or 
alternates) of the IMW Regional Advisory Committee, 12 network seismologists from eight regional/local 
IMW networks, and three USGS managers.  A summary of the workshop is available online at 
http://www.seis.utah.edu/anss/Strat_Plan/index.pdf.  
 
Coordination with Yellowstone Volcano Observatory (YVO) — The USGS Volcano Hazards Program 
provides support under a separate award (and with a different Principal Investigator) to the University of 
Utah for seismic monitoring in the Yellowstone National Park region.  Indirect funding from this source 
provides about 10% of our total UUSS annual budget for seismic-network operations.  We made 
deliberate efforts during 2005–2006 to foster greater coordination among YVO, UUSS, and ANSS—in 
part, because (1) the YVO seismic monitoring fundamentally relies on a real-time earthquake information 
system developed primarily with funding from ANSS and the state of Utah and (2) the Yellowstone 
region is an integral part of the seismically active Intermountain Seismic Belt within the ANSS 
Intermountain West Region.  The first key forum for coordination was a two-day planning meeting for 
seismic and other monitoring as part of YVO that was held November 9–10, 2005, in Salt Lake City. A 
resulting plan entitled, “Volcano and Earthquake Monitoring Plan for the Yellowstone Volcano 
Observatory, 2006–2015” is available online at http://pubs.usgs.gov/sir/2006/5276/.  The second forum 
was the ANSS-IMW Strategic Planning Meeting held in Salt Lake City August 14–15, 2006 (see 
preceding section).  Two key principals in YVO participated in the August meeting and will continue to 
be involved in the ongoing strategic-planning process for coordinating and unifying seismic monitoring in 
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the ANSS-IMW region.    
 
Coordination with USArray — UUSS seismologists participated in a two day “Earthscope Transportable 
Array Reconnaissance Workshop” held at the University of Utah in May 2006.  The purpose of the 
workshop was to plan the siting of USArray Transportable Array (“TA”) stations in Utah, Idaho, and 
Montana.  Although we were not directly involved in siting TA stations in the Utah region, we provided 
information and guidance.  At the ANSS-IMW Strategic Planning Meeting held in August 2006 (see 
above), we were active participants in shaping a consensus resolution aimed at securing resources to 
retain approximately 100 TA stations either already deployed in the ANSS-IMW region or scheduled to 
be deployed in the next few years.  The chief motivation for this initiative is the fact that existing numbers 
of broadband seismograph stations in the eight-state IMW region are inadequate to meet ANSS minimum 
performance standards.           
 
Utah Earthquake Hazards Working Groups ⎯ Throughout the report period, four seismologists in our 
network group served on a 17-member “Utah Ground Shaking Working Group,” which is planning the 
development of the next generation of ground shaking hazard maps in Utah.  Two of us also served on a 
“Utah Quaternary Fault Parameter Working Group.”  Both working groups are sponsored by the USGS 
and the Utah Geological Survey.  These activities—including presentations at annual working-group 
meetings—enable close coordination between our UUSS/ANSS urban strong-motion network and 
researchers addressing local seismic hazard issues.  In a related forum, we also participated in and made 
presentations at a three-day “Western States Seismic Policy Council Basin and Range Province 
Earthquake Working Group” meeting held in Salt Lake City, March 8–10, 2006.  A resulting report 
provided consensus recommendations to the USGS for its 2007 update of the National Seismic Hazard 
Maps. 
 
40th anniversary of UUSS — In April 2006, the University of Utah Seismograph Stations (UUSS) 
celebrated its 40th anniversary as an organizational entity.   Notable outreach activities associated with 
the anniversary included (1) UUSS sponsorship of a public lecture by Mary Lou Zoback of the USGS on 
“The 1906 San Francisco Earthquake,” held at the main Salt Lake City public library on March 22, 2006, 
and (2) a three-day open house at our earthquake information center, April 3–5, 2006.   
 

AVAILABILITY OF DATA 
 
All seismic waveform data archived by the University of Utah Seismograph Stations can be retrieved 
from the IRIS DMC using their SeismiQuery Web tool at http://www.iris.washington.edu/SeismiQuery 
(delivered in a variety of formats). Alternatively, the data can be obtained upon request directly from our 
office (typically delivered to the user in SAC ASCII or binary format). Earthquake catalog data for the 
Utah region are available (1) via anonymous ftp <ftp.seis.utah.edu/pub/UUSS_catalogs>, (2) by e-mail 
request to webmaster@seis.utah.edu, or (3) via the Advanced National Seismic System's composite 
earthquake catalog, <http://www.ncedc.org/anss/catalog-search.html>.  See also the University of Utah 
Seismograph Stations homepage at http://www.quake.utah.edu.  The contact person for data requests is 
Relu Burlacu, tel: (801) 585-7972; e-mail: burlacu@seis.utah.edu. 
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Table 1 

 
Overview of the University of Utah Regional/Urban Seismic Network  

December 1, 2006 
 

Networks Forming Part of Regional Operation: CODE Stations/channels 

Utah Region Seismic Network  UU 145/387 

ANSS-NSMP stations with real-time telemetry maintained and operated 
by University of Utah 

NP 12/36 

Yellowstone National Park Seismograph Network (YSN) WY 24/39 

TOTAL Stations/Channels Operated:  181/462 
 

Import data from: CODE Stations/channels 
Montana Regional Seismic Network MB 6/6 

Idaho National Engineering and Environmental Laboratory Seismic 
Network 

IE 7/7 

Western Great Basin/Eastern Sierra Seismic Network 
University of Nevada, Reno 

NN 6/6 

US Bureau of Reclamation Paradox Valley Seismic Network RE 2/2 
US National Seismic Network US 12/36 

USGS National Strong Motion Project (via EW module getfile; triggered 
data from instruments in Wasatch Front area) 

NP Variable 
(.evt and xml files) 

Sandia National Laboratory—Leo Brady Network LB 1/3 
USGS Albuquerque Seismological Laboratory IU 1/3 
Northern Arizona University Seismic Network AR 3/3 
Jackson Wyoming Regional Seismic Network IW 5/15 

Total Stations/Channels Imported: 43/81 

TOTAL Stations/Channels Recorded: 224/543 
 

Export Data To: Stations/Channels 
Brigham Young University (Idaho) Seismic Network 

(formerly Ricks College) 
21/29 

Montana Regional Seismic Network 8/8 
Idaho National Engineering and Environmental Laboratory Seismic 

Network 
7/7 

Northern Arizona University Seismic Network 2/2 
Yellowstone Volcano Observatory/USGS 23/35 

US National Seismic Network Export HYP, MAG, SMII 
messages 

US National Seismic Network 20/50 
IRIS Data Management Center (via ew2mseed) 196/452 

Total Stations/Channels Exported: 277/583 
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Table 2 

                                             Summary Statistics for University of Utah’s 
                                                             Regional/Urban Seismic Network 

 (as of December 1, 2006) 

 

Total no. of stations maintained and operated  181 
Total no. of stations maintained and operated with full or partial 
ANSS support 

127 

  
No. of short-period (SP) stations  35 
No. of short-period (SP) stations with metadata (response 
information) 

35 

No. of broadband (BB) stations [incl. 9 with triaxial SM] 11 

No. of broadband (BB) stations with metadata 11 

No. of strong-motion (SM) stations [incl. 4 with SP component(s)] 81 

No. of strong-motion (SM) stations with metadata 81 
  
  
Total data volume (mbytes/day) 16,275* 

Total data volume (mbytes/year) to archive 1,246,475+ 

  

           
 
 
*  For all data we record (in SAC format) 
+  IRIS DMC archive (estimated from recent BUD stats, in MiniSEED format) 
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Table 3 
Earthquake Data and Information Products 

 
Network Products 

   
 

 

Does the network 
provide the following? 

Comments/Explanation 

   Primary EQ Parameters   

Picks Yes Archived at UUSS* 

Hypocenters Yes Posted at www.seis.utah.edu 

Magnitudes (& Amplitudes) Yes Magnitudes posted at 
www.seis.utah.edu; Amplitudes 
archived at UUSS* 

Focal mechanisms Yes First-motion focal mechanisms are 
generated, if possible, for M>3.5 
events in the Utah region and, 
depending on station coverage, for 
M>2.5 events in the Wasatch Front 
region. These are archived at UUSS. 

Moment Tensor(s) No  

   

     Other EQ Parameters/Products   

ShakeMap Yes ShakeMaps are posted to our Web site 
and sent to three USGS machines.  We 
are also running ShakeCast. 

Finite Fault No  

       

Supplemental Information   

Felt Reports Yes Reports are compiled based on 
telephone calls to UUSS, Community 
Internet Intensity Map data, and 
reports in the USGS Preliminary 
Determination of Epicenters. 

Event Summary Yes Press releases issued for all M≥3.5 
events and all felt earthquakes 

Tectonic Summary No  

Collated Maps No  

Refined Hypocenters (e.g. double-difference) No Produced only as part of special 
research projects 

   

Web Content   

Recent EQ Maps Yes  

Station Helicorder  Yes  

Station noise PDFs No These are automatically produced and 
are available through IRIS.  We also 
produce PDFs at UUSS, but we do not 
post them to the Web. 

Station Performance Metrics No  

Network Description Yes Some online info. needs updating 

Station List  Yes Included in the Quarterly Seismicity 
Summaries  

Station Metadata Yes See Metadata Section below 

Email Notification Services Yes Only on limited basis to key state-
agency partners 

Contact Info Yes  

Region-specific FAQs Yes  

Region-specific EQ info Yes  
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Network Products 

   
 

 

Does the network 
provide the following? 

Comments/Explanation 

   

     Waveforms   

Triggered Yes Archived at UUSS* 

Continuous Yes Archived at IRIS DMC 

Processed Yes Only on special request 

   

     Summary Products   

Catalogs Yes Posted on our Web site and 
incorporated into the ANSS catalog. 

   

    Metadata   

Instrument Response Yes Archived at the IRIS DMC and at UUSS 

Site Info (e.g. surface geology, Vs30) Yes Posted on our Web site for strong-
motion and broadband stations only 

   

   
*Information archived at UUSS available by     
request   

 
 
 
 
 

Table 3 (Attachment) 

Products and Services Provided by Our Network 
 

• Recent Earthquakes (automatic maps and event information; including seven-day animation of 
recent earthquake maps) 

• ShakeMap (automatic in near-real time; formerly produced only for Wasatch Front area, but at the 
request of the Utah Division of Emergency Services and Homeland Security, capability to produce 
ShakeMaps for the entire Utah region has been developed and is now live) 

• ShakeMap Scenarios (http://www.seis.utah.edu/shake/archive/scenario.html) 

• ShakeCast (linked to USGS ShakeCast server in southern California) 

• Earthquake Notification (automated e-mail and pager notification to limited number of key state-
agency partners; telephone/fax notification to emergency call-down list) 

• Real-time Waveforms (Webicorder plots available online 24 hrs/day for 40 stations) 

• Earthquake Catalogs and Data (downloadable catalog information on our Web site, but a search 
capability is not currently available; all earthquake locations automatically submitted to ANSS 
catalog, which does have a search capability; quarterly earthquake bulletins; continuous 
waveforms and station metadata available via IRIS DMC; additional metadata for our strong-
motion stations available on our Web site)   

• Did You Feel It?  (linked to http://pasadena.wr.usgs.gov/shake/imw/)  
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• Earthquake Information Center (responses to public inquiries, guided tours, media interviews, 
maintenance and development of network Web site, educational support to University of Utah 
teaching, frequent public speaking engagements on earthquake topics) 

• Expert Advice for Public Policy Making (extensive involvement in assessment of earthquake 
hazards and risk in Utah and in hazard mitigation, notably through leadership in Utah’s state 
earthquake program—in partnership with the Utah Geological Survey and the Utah Division of 
Emergency Services and Homeland Security, advisory guidance to public officials and state 
agencies, participation in the Utah Seismic Safety Commission and associated committees and 
working groups, involvement in state earthquake preparedness exercises)  

• Data and Information for Utah’s Earthquake Engineering Community (development of an urban 
strong-motion network in Utah’s Wasatch Front urban corridor has galvanized interactions 
between earth scientists and earthquake engineers in Utah; 10 engineers participate in a 12-
member Utah Advisory Committee for Urban Strong-Motion Monitoring in Utah; data from ANSS 
free-field stations strategically supplement structural monitoring and an adjacent downhole array 
installed to study the performance of a major interstate bridge structure in Salt Lake City; analysis 
of ambient vibrations using accelerographs occasionally performed to help engineers)  

• Data and Information on Mining-Induced Seismicity (MIS) (ongoing help to mining engineers, 
mine operators, and regulatory agencies concerned with mine safety and potential ground-shaking 
hazard of MIS associated with underground coal mining in central Utah; cooperative projects 
completed with USGS and U.S. Bureau of Reclamation to develop ground-motion prediction 
equations for shallow MIS; current partnerships with three coal mines at which UUSS operates a 
4-component seismograph [3-component accelerometer plus a vertical short-period sensor] 
providing mine operators with continuous Webicorders online, improved locations of MIS at the 
mine sites, and ground-motion data for larger events)   

• Earthquake Education Services (a program of the University of Utah Seismograph Stations and the 
University of Utah’s College of Mines and Earth Sciences providing teachers with professional 
development opportunities and classroom activities in accordance with core curriculum and 
national guidelines [http://www.seis.utah.edu/edservices/edservices.shtml])  

• Educational Tool: Traveling Photographic Exhibit (an award-winning exhibit, “Earthquakes in the 
Intermountain West” [http://www.seis.utah.edu/lqthreat/exhibit.shtml] is routinely circulated for 
display free of charge to schools, public institutions, and groups interested in earthquake 
preparedness) 

• Educational Tool: Personalizing the Earthquake Threat (extensive online compilation of 
photographs, newspaper articles, and personal accounts of 48 historic earthquakes in Utah, 
Montana, Wyoming, and Idaho [http://www.seis.utah.edu/lqthreat/perseq.shtml] to increase 
public understanding of the earthquake threat in the Intermountain Seismic Belt)   

• Technical Help to Other Seismic Networks (examples during FY2005: (1) help to Puerto Rico 
seismic network in setting up a Windows PPP server to communicate with REF TEK 130 seismic 
recorders and providing GIS guidance and software to help generate geology and Vs30 files for 
ShakeMap; (2) remote maintenance and troubleshooting of the Northern Arizona University (NAU) 
Earthworm system and relaying of NAU’s data streams to the IRIS DMC; (3) help to Montana’s 
regional seismic network with response files and UUSS software to enable use of digital data from 
a simulated Wood-Anderson seismograph for computing local magnitude, ML; (4) help to Brigham 
Young University-Idaho to troubleshoot firewall-related difficulties in exporting seismic data to 
other networks; (5) providing Webicorder displays for the USGS’s Teton Region ANSS seismic 
network in northwestern Wyoming; and (6) providing scripts to the University of Memphis for 
automating ShakeMap using Earthworm) 

• Beta Testing ANSS Strong-Motion Instruments (during the past three years, we’ve spent great 
time and effort remedying, in cooperation with the manufacturer, major shortcomings of 
government-furnished REF TEK 130-ANSS accelerographs that make up a large part of our 
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inventory of strong-motion instruments and which we received during 2002–2005 as “beta-status” 
rather than “production” instruments) 
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Table 4. Earthquakes in the Utah Region of Magnitude 3.0 and Larger: 

January 1, 2004 - December 1, 2006 
 

DATE ORIGIN 
TIME LATITUDE LONGITUDE DEPTH MAG NO GAP DMN RMS 

          
040223 09:20:19.87 39º 12.73′ 112º 02.05′ 0.4* 3.0W 24 60 22 0.21 
040225 00:41:03.64 41º 59.82′ 111º 49.08′ 2.5* 3.4W 33 86 14 0.21 
040313 13:04:47.38 39º 39.37′ 111º 56.34′ 2.1* 3.2W 40 50 20 0.24 
040318 14:58:32.13 39º 39.26′ 111º 56.38′ 0.6* 3.3W 39 50 20 0.21 
040319 05:39:07.91 39º 39.15′ 111º 56.51′ 1.7* 3.0W 35 96 20 0.24 

          
040319 14:23:28.10 39º 39.39′ 111º 56.59′ 2.7* 3.0W 27 97 20 0.23 
040604 08:41:46.77 42° 08.97′ 111° 21.26′ 6.3* 3.0W 22 138 24 0.23 
041107 06:54:59.67 38º 14.72′ 108º 54.67′ 0.7 4.1W 12 189 6 0.17 
041218 17:38:58.22 37º 45.77′ 113º 07.82′ 5.5* 3.3W 10 84 27 0.26 
050315 00:21:07.29 36º54.66′ 112º32.79′ 22.8 3.5W 9 123 19 0.38 

          
050518 19:21:46.62 41º25.47′ 111º05.39′ 1.6* 3.3W 20 123 35 0.33 
050624 13:01:33.01 37º31.19′ 112º33.17′ 7.4* 3.6W 12 117 50 0.35 
050720 07:06:15.39 38º36.07′ 112º41.45′ 1.3* 3.5W 15 63 17 0.29 
050720 14:44:51.57 38º33.80′ 112º42.82′ 3.7* 3.0W 16 55 13 0.36 
050720 21:42:21.42 38º34.43′ 112º42.81′ 3.1* 3.0W 11 62 13 0.34 

          
050723 05:37:47.73 41º53.01′ 111º37.95′ 11.1 3.3W 24 73 14 0.19 
050729 20:46:21.00 38º46.29′ 112º03.10′ 8.0 3.7W 11 98 4 0.20 
050820 12:21:15.20 37º54.91′ 111º47.66′ 1.8* 3.1W 12 147 19 0.39 
050905 09:31:55.12 41º01.33′ 111º21.41′ 7.4 3.0W 15 179 12 0.14 
050920 06:53:31.96 37º31.77′ 112º19.06′ 1.1* 3.0W 12 102 46 0.31 

          
051114 20:25:52.92 39º 28.55′ 111º 30.28′ 9.0 3.0W 26 45 18 0.21 
051114 20:35:18.03 39º 29.12′ 111º 29.47′ 0.4* 3.0W 17 62 19 0.15 
051115 01:17:06.47 39º 29.12′ 111º 29.59′ 3.0* 3.1W 15 73 19 0.24 
051121 20:02:08.48 38º 19.24′ 112º 15.00′ 5.5* 3.2W 19 69 22 0.25 
051211 10:28:43.29 38º 18.76′ 112º 14.74′ 4.3* 3.1W 18 69 23 0.20 

          
051226 09:29:24.22 38º 18.52′ 112º 14.48′ 2.2* 3.0W 19 53 23 0.19 
051229 14:33:18.33 38º 18.50′ 112º 14.50′ 1.0* 3.0W 18 53 23 0.25 
051229 20:07:33.74 38º 19.21′ 112º 14.81′ 4.4* 3.0W 18 69 22 0.20 
060105 14:44:45.04 40º 58.34′ 109º 58.86′ 4.8* 3.2W 16 183 109 0.19 
060127 06:47:12.29 39º 10.22′ 110º 52.82′ 12.9 3.6W 22 73 24 0.20 

          
060504 11:16:31.16 39º 42.50′ 110º 43.19′ 0.1 3.0W 16 80 3 0.27 
060611 10:01:50.22 40º 14.81′ 111º 04.40′ 10.4* 3.4W 40 151 24 0.18 
060630 16:55:01.16 42º 25.92′ 111º 30.09′ 1.0* 4.3W 16 115 42 0.20 
060714 17:06:01.35 42º 24.89′ 111º 30.75′ 7.1* 4.0W 28 80 40 0.22 
060725 16:12:54.43 42º 24.33′ 111º 29.57′ 5.4* 3.1W 18 118 40 0.15 

          
060902 19:54:59.98 42º 24.77′ 111º 30.41′ 6.4* 3.6W 24 80 40 0.18 
060927 22:11:12.33 41º 52.63′ 112º 24.76′ 2.8 3.0W 22 94 9 0.14 
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  number of earthquakes = 37 
 
  * indicates poor depth control 
 W indicates Wood-Anderson data used for magnitude calculation  
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Table 5 

FELT EARTHQUAKES IN THE UTAH REGION 
January 1, 2004 to December 1, 2006 

 
 
Date 

 
Time† 

 
Felt Information‡ 

 
Latitude 

 
Longitude 

 
Magnitude§
 

2004 
 
Feb 12 (MST) 
Feb 13 (UTC) 

 
23:35 MST 
06:35 UTC 

 
Utah. CIIM. Felt (IV) at 
Franklin, ID; (III) at 
Lewiston, UT, Cornish, 
UT, and Preston, ID; 
(II) at Richmond, UT. 
Also felt at Cove, UT. 

 
41º 59.79′ 

 
111º 49.29′ 

 
ML 2.8  
 

 
Feb 16 

 
11:02 MST 
18:02 UTC 

 
Idaho. Felt at Franklin 
(telephone report to 
UUSS). 

 
42º 00.10′ 

 
111º 48.98′ 

 
ML 2.0 
 

 
Feb 23 

 
02:20 MST 
09:20 UTC 

 
Utah. CIIM*. Felt (II) at 
Fillmore and reportedly 
at Salt Lake City.  

 
39º 12.73′ 

 
112º 02.05′ 

 
ML 3.0 
 

 
Feb 24 (MST) 
Feb 25 (UTC) 

 
17:41 MST 
00:41 UTC 

 
Utah. CIIM. ShakeMap. 
Felt (IV) at Lewiston, 
UT, Franklin, ID, and 
Cornish, UT; (III) at 
Richmond, UT and 
Preston, ID. 

 
41º 59.82′ 

 
111º 49.08′ 

 
ML 3.4 
 

 
March 11 

 
14:16 MST 
21:16 UTC 

 
Utah. Felt at Franklin, 
ID (telephone report to 
UUSS). 

 
41º 59.61′ 

 
111º 48.98′ 

 
ML 2.0 
 

 
March 13 

 
06:04 MST 
13:04 UTC 

 
Utah. CIIM*. Felt (II) at 
Nephi. 

 
39º 39.37′ 

 
111º 56.34′ 

 
ML 3.2 
 

 
March 18 

 
07:58 MST 
14:58 UTC 

 
Utah. CIIM. Felt (III) at 
Nephi. Also felt at 
Levan. 

 
39º 39.26′ 

 
111º 56.38′ 

 
ML 3.3 
 

 
March 18 

 
14:22 MST 
21:22 UTC 

 
Utah. CIIM. Felt (III) at 
Magna and Salt Lake 
City, (II) at Tooele. 

 
40º 43.81′ 

 
112º 3.35′  

 
ML 2.4 
 

 
March 18 (MST) 
March 19 (UTC) 

 
22:39 MST 
05:39 UTC 

 
Utah. CIIM. Felt (III) at 
Nephi and (II) at Salt 
Lake City. 

 
39º 39.15′ 

 
111º 56.51′ 

 
ML 3.0 
 

 
March 19 

 
07:23 MST 
14:23 UTC 

 
Utah. CIIM. Felt (III) at 
Nephi. 

 
39º 39.39′ 

 
111º 56.59′ 

 
ML 3.0 
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Date 

 
Time† 

 
Felt Information‡ 

 
Latitude 

 
Longitude 

 
Magnitude§
 

 
June 04 

 
02:41 MDT 
08:41 UTC 

 
Idaho. CIIM. Felt (III) 
at Paris. 

 
42º 08.97′ 

 
111º 21.26′ 

 
ML 3.0 
 

 
June 08 

 
08:56 MDT 
14:56 UTC 

 
Utah. CIIM*. Felt (III) 
at Magna. 

 
40º 43.56′ 

 
112º 04.22′ 

 
ML 2.3 
 

 
October 21 

 
06:38 MDT 
12:38 UTC 

 
Idaho. CIIM. Felt (II) at 
Dayton. 

 
42º 08.39′ 

 
112º 05.04′ 

 
ML 2.9 
 

 
November 06 
November 07 

 
23:54 MST 
06:54 UTC 

 
Colorado. CIIM. Felt 
(IV) at Bedrock; (II) at 
Denver. 

 
38º 14.72′ 

 
108º 54.67′ 

 
ML 4.1 
 

 
November 12 

 
08:15 MST 
15:15 UTC 

 
Utah. Felt at Salt Lake 
City  (telephone report 
to UUSS). 

 
40º 48.50′ 

 
111º 46.97′ 

 
ML 2.1 
 

 
November 12 

 
14:20 MST 
21:20 UTC 

 
Utah. Felt at Salt Lake 
City (telephone report 
to UUSS). 

 
40º 48.26′ 

 
111º 46.68′ 

 
ML 2.0 
 

 
December 18 

 
10:38 MST 
17:38 UTC 

 
Utah. CIIM. Felt (III) at 
Cedar City. 

 
37º 45.77′ 

 
113º 07.82′ 

 
ML 3.3 
 

2005 
 
Feb 1 

 
05:34 MST 
12:34 UTC 

 
Idaho. CIIM. 
Reportedly felt (III) at 
Ogden, UT. 

 
42º26.64′  

 
111º24.58′ 

 
ML 2.9  
 

 
March 14 (MST) 
March 15 (UTC) 

 
17:21 MST 
00:21 UTC 

 
Arizona. CIIM. Felt 
(IV) at Fredonia, AZ 
and (II) at Colorado 
City, AZ; (II) at Kanab, 
UT. 

 
36º54.66′  

 
112º32.79′ 

 
ML 3.5 
 

 
May 18 

 
13:21 MDT 
19:21 UTC 

 
[Large enough to 
generate ShakeMap but 
not reported felt] 

 
41º25.47′  

 
111º05.39′ 

 
ML 3.3  
 

 
Jun 24 

 
07:01 MDT 
13:01 UTC 

 
Utah. CIIM. Felt (III) at 
Alton, UT and (III) at 
Fredonia, AZ (?). 

 
37º31.19′  

 
112º33.17′ 

 
ML 3.6  
 

 
July 20 

 
01:06 MDT 
07:06 UTC 

 
Utah. Felt at Cove Fort, 
UT (telephone report to 
UUSS). 

 
38º36.07′  

 
112º41.45′ 

 
ML 3.5  
 

 
July 20 

 
08:44 MDT 
14:44 UTC 

 
Utah. Felt at Cove Fort, 
UT (telephone report to 
UUSS). 

 
38º33.80′  

 
112º42.82′ 

 
ML 3.0  
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Date 

 
Time† 

 
Felt Information‡ 

 
Latitude 

 
Longitude 

 
Magnitude§
 

 
July 22 

 
16:49 MDT 
22:49 UTC 

 
Utah. Felt at West 
Valley City, UT 
(telephone report to 
UUSS). 

 
40º36.71′  

 
111º50.42′ 

 
MC 1.3  
 

 
July 22 (MDT) 
July 23 (UTC) 

 
23:37 MDT 
05:37 UTC 

 
Utah. CIIM. ShakeMap. 
Felt (III) at Richmond, 
Logan, UT;   (II) at 
Hyde Park and 
Smithfield,  UT. 

 
41º53.01′  
 

 
111º37.95′ 

 
ML 3.3 
 

 
July 29 

 
14:46 MDT 
20:46 UTC 

 
Utah. CIIM. Felt (IV) at 
Richfield, Monroe, UT; 
 (III) at Beaver, UT and 
Syracuse, UT(?). 

 
38º46.29′  

 
112º03.10′ 

 
ML 3.7  
 

 
August 16 

 
03:54 MDT 
09:54 UTC 

 
Utah. CIIM. 239 felt 
reports. Felt (III) at Salt 
Lake City, Park City, 
Sandy, Midvale, 
Kaysville, and Draper, 
UT. 

 
40º38.33′  

 
111º35.95′ 

 
ML 2.8  
 

 
August 20 

 
06:21 MDT 
12:21 UTC 

 
Utah. CIIM. Reported 
felt (II) at Salt Lake 
City, UT(?). 

 
37º54.91′  

 
111º47.66′ 

 
ML 3.1  
 

 
September 5 

 
03:31 MDT 
09:31 UTC 

 
ShakeMap 

 
41º01.33′ 

 
111º21.41′ 

 
ML 3.0  
 

 
September 20 

 
13:53 MDT 
06:53 UTC 

 
Utah. CIIM. Felt (II) at 
Bryce Canyon, UT. 

 
37º31.77′ 

 
112º19.06′ 

 
ML 3.0  
 

 
November 14 

 
13:25 MST 
20:25 UTC 

 
Utah. CIIM. Felt (III) at 
Mount Pleasant, UT 
and (II) at Manti, UT. 

 
39º 28.55′ 

 
111º 30.28′ 

 
ML 3.0  
 

 
November 14 

 
13:35 MST 
20:35 UTC 

 
Utah. CIIM. Felt (III) at 
Mount Pleasant and 
Ephraim, UT. 

 
39º 29.12′ 

 
111º 29.47′ 

 
ML 3.0  
 

 
November 14 
November 15 

 
18:17 MST 
01:17 UTC 

 
Utah. CIIM. Felt (III) at 
Mount Pleasant, UT 
and (II) at Saint 
George, UT(?) 

 
39º 29.12′ 

 
111º 29.59′ 

 
ML 3.1  
 

 
November 21 

 
13:02 MST 
20:02 UTC 

 
Utah. CIIM. Felt (III) at 
Kingston, UT  

 
38º 19.24′ 

 
112º 15.00′ 

 
ML 3.2  
 

 
December 11 

 
03:28 MST 
10:28 UTC 

 
Utah. CIIM. Felt (III) at 
Kingston, UT  

 
38º 18.76′ 

 
112º 14.74′ 

 
ML 3.1  
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Date 

 
Time† 

 
Felt Information‡ 

 
Latitude 

 
Longitude 

 
Magnitude§
 

 
December 26 

 
02:29 MST 
09:29 UTC 

 
Utah. CIIM. Felt (III) at 
Kingston, UT  

 
38º 18.52′ 

 
112º 14.48′ 

 
ML 3.0  
 

 
December 29 

 
07:33 MST 
14:33 UTC 

 
Utah. CIIM. Felt (IV) at 
Kingston, UT  

 
38º 18.50′ 

 
112º 14.50′ 

 
ML 3.0  
 

 
December 29 

 
13:07 MST 
20:07 UTC 

 
Utah. CIIM. Felt (III) at 
Kingston, UT  

 
38º 19.21′ 

 
112º 14.81′ 

 
ML 3.0  
 

2006 
 
Jan 26 (MST) 
Jan 27 (UTC) 

 
23:47 MST 
06:47 UTC 

 
Utah. CIIM. ShakeMap. 
Felt (IV) at Huntington 
and Ferron, UT and 
(III) at Park City, 
Thompson, and 
Teasdale, UT. 

 
39º10.22′  

 
110º52.82′ 

 
ML 3.6 
 

 
Feb 05 

 
04:36 MST 
11:36 UTC 

 
Utah. CIIM. Felt (III) at 
Fredonia, AZ  and (II) 
at Colorado City, AZ 
and Hurricane, UT. 

 
36º59.95′  

 
112º51.78′ 

 
ML 2.9  
 

 
Feb 08 (MST) 
Feb 09 (UTC) 

 
22:09 MST 
05:09 UTC 

 
Utah. CIIM. Felt (V) at 
Midvale, UT, (IV) at 
Salt Lake City, UT, 
(III) at South Jordan, 
West Jordan, and 
Riverton, UT and   (II) 
at several other 
localities within 50 km 
(see CIIM). 

 
40º33.59′  
 

 
111º58.12′ 

 
ML 2.1 
 

 
June 11 

 
04:01 MDT 
10:01 UTC 

 
Utah. CIIM. ShakeMap 
Felt (II) at Provo, 
Vernal, and Hyde Park, 
UT. 

 
40º 14.81′ 

 
111º 04.40′ 

 
ML 3.4  
 

 
June 30 

 
10:55 MDT 
16:55 UTC 

 
Idaho. CIIM. ShakeMap 
Felt (IV) at Montpelier, 
ID, (III) at Thatcher, 
Grace, Paris, Preton, 
Geneva, ID and Heber 
City, UT(?) and (II) at 
Soda Springs, Downey, 
Pocatello, ID and 
Richmond, Tremonton, 
UT. 

 
42º 25.92′ 

 
111º 30.09′ 

 
ML 4.3  
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Date 

 
Time† 

 
Felt Information‡ 

 
Latitude 

 
Longitude 

 
Magnitude§
 

 
July 14 

 
11:06 MDT 
17:06 UTC 

 
Idaho. CIIM. ShakeMap 
Felt (V) at Grace, ID, 
(IV) at Downey, 
Bancroft, Arimo, ID, 
(III) at Montpelier, 
Lava Hot Springs, 
McCammon, Pocatello, 
American Falls, ID and 
(II) at Preston, Soda 
Springs, Dayton, 
Inkom, Pocatello, Fort 
Hall, ID and Pinedale, 
WY. 

 
42º 24.89′ 

 
111º 30.75′ 

 
ML 4.0  
 

 
July 14 

 
11:08 MDT 
17:08 UTC 

 
Idaho. CIIM. Felt (III) 
at Montpelier, Lava Hot 
Springs, ID and (II) at 
McCammon, ID. 

 
42º 25.25′ 

 
111º 29.74′ 

 
ML 2.8  
 

 
July 25 

 
14:27 MDT 
20:27 UTC 

 
Utah. CIIM. Felt (III) at 
Fairview, Nephi, UT. 

 
39º 44.01′ 

 
111º 32.03′ 

 
ML 2.9  
 

 
Sep 02 

 
13:55 MDT 
19:55 UTC 

 
Idaho. CIIM. Felt (III) 
at Bern, Montpelier, ID 
and (II) at Preston, 
Idaho Falls, ID. 

 
42º 24.77′ 

 
111º 30.41′ 

 
ML 3.6  
 

 
Sep 21 (MDT) 
Sep 22 (UTC) 

 
23:50 MDT 
05:50 UTC 

 
Utah. CIIM. Felt (IV) at 
Paragonah, UT. 

 
37º 52.26′ 
 

 
112º 48.01′ 

 
ML 2.8 
 

Nov 13 00:56 MST 
07:56 UTC 

Utah. CIIM. Felt (II) at 
Saint George, UT. 

 
37º 16.66′ 
 

 
113º 59.20′ 

 
MC 2.9 
 

 
Nov 16 (MST) 
Nov 17 (UTC) 

 
23:22 MST 
06:22 UTC 

 
Utah. CIIM. Felt (III) at 
Salt Lake City, Magna, 
UT and (II) at West 
Jordan, Tooele, 
Clearfield, UT. 

 
40º 44.17′ 
 

 
112º 02.80′ 

 
MC 2.5 
 

 
† Times are listed both as Local Time—Mountain Standard Time (MST) or Mountain Daylight Time (MDT)—and 
as Universal Coordinated Time (UTC). 
 
‡ CIIM indicates the availability of a Community Internet Intensity Map (http://pasadena.wr.usgs.gov/shake/imw 
/archives.html), compiled by the U.S. Geological Survey (USGS); ShakeMap indicates the availability of computer-
generated maps of ground-shaking (http://www.seis.utah.edu/shake/archive), produced by the University of Utah 
Seismograph Stations (UUSS).  Roman numerals correspond to the Modified Mercalli intensity scale.  Unless 
otherwise indicated, felt information is from the USGS′s (1) CIIM reports and/or (2) PDE Monthly (or) Weekly 
Listing Files (http://neic.usgs.gov/neis /data_services/ ftp_files.html).  
 
* Original CIIM data for this event subsequently deleted from USGS Web site because of small number of felt 
reports. 
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§ Richter local magnitude (ML) or coda magnitude (MC) determined by UUSS.  If labeled “NEIS,” data are from the 
National Earthquake Information Service of the USGS.   
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Figure 1.  Regional distribution of University of Utah seismic stations.  Inset dashed rectangle outlines our 
traditional Wasatch Front study area; our authoritative Utah catalog region extends from 36.75o to 42.5oN. 
Smaller map (right) shows representative seismicity for the same area. 
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Figure 2.  Real-time urban strong-motion network in the Wasatch Front urban  corridor.
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Figure 3.  Earthquakes in the Utah Region, January 1, 2004 through December 1, 2006. Shocks of magnitude 
3.0 and larger are plotted as stars; those less than magnitude 3.0, as circles. Base map of Quaternary faults 
from the Utah Geological Survey; Wasatch fault shown in bold. 
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Figure 4.  Earthquakes in the Utah Region, February 1, 2006 through December 1, 2006. Shocks of magnitude 
3.0 and larger are plotted as stars; those less than magnitude 3.0, as circles. Base map of Quaternary faults 
from the Utah Geological Survey; Wasatch fault shown in bold. 
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Figure 5.  Portion of Utah region Vs30 map showing Vs30 classifications, location of ANSS strong-motion 
stations (triangles) and location of Vs30 measurements (diamonds).  The ANSS stations shown with red 
triangles are within 100 m of a Vs30 measurement site. 



 
APPENDIX A 

 
 
 
 

Station Information for University of Utah Regional/Urban Seismic Network 
December 1, 2006



 

A-1

 
Table A-1 

UNIVERSITY OF UTAH REGIONAL/URBAN SEISMIC NETWORK 
Operating Seismograph Stations 

December 1, 2006 
 

UURSN SEED  SEED No. of Network Elevation
Code 

Location 
Station Channel Channels Code 

Latitude Longitude
(meters)

Sensor Digitizer Telemetry Sponsor 

Eastwood Elementary School 2272 
Salt Lake City, UT 

2272 HN[ZEN] 3 NP 40° 41.98′ 111° 47.62′ 1515 FBA23 Etna Digital NSMP, 
ANSS 

Roosevelt Elementary School 2286 
Salt Lake City, UT 

2286 HN[ZEN] 3 NP 40° 42.08′ 111° 52.01′ 1314 EpiSensor K2 Digital NSMP, 
ANSS 

SR 201/I-80 Bridge Array, 7208 
Salt Lake City, UT 

7208 EN[ZEN] 3 NP 40° 43.38′ 111° 54.43′ 1291 EpiSensor K2 Digital NSMP, 
ANSS 

Annex Bldg., Weber State University, 7212 
Ogden, UT 

7212 HN[ZEN] 3 NP 41° 11.75′ 111° 56.50′ 1422 EpiSensor K2 Digital NSMP, 
ANSS 

7223 Dixie State College 
St. George, UT 7223 HN[ZEN] 3 NP 37° 06.02′ 113° 33.94′ 815 EpiSensor Etna Digital NSMP, 

ANSS 

7224 Southern Utah University 
Cedar City, UT 7224 HN[ZEN] 3 NP 37° 40.35′ 113° 04.29′ 1782 EpiSensor Etna Digital NSMP, 

ANSS 

7225 City Maintenance Yard 
Beaver, UT 7225 HN[ZEN] 3 NP 38° 17.01′ 112° 38.32′ 1808 EpiSensor Etna Digital NSMP, 

ANSS 

7226 UDOT IT Radio Shop 
Richfield, UT 7226 HN[ZEN] 3 NP 38° 45.43′ 112° 05.26′ 1616 FBA23 Etna Digital NSMP, 

ANSS 

7227 City Maintenance Yard 
Gunnison, UT 7227 HN[ZEN] 3 NP 39° 09.35′ 111° 49.17′ 1568 EpiSensor Etna Digital NSMP, 

ANSS 

7228 Juab School District 
Nephi, UT 7228 HN[ZEN] 3 NP 39° 43.27′ 111° 49.49′ 1576 EpiSensor Etna Digital NSMP, 

ANSS 

7229 City Maintenance Shop 
Santaquin, UT 7229 HN[ZEN] 3 NP 39° 58.35′ 111° 47.58′ 1520 EpiSensor Etna Digital NSMP, 

ANSS 

7232 City Parks & Recreation Office 
Tremonton, UT 7232 HN[ZEN] 3 NP 41° 43.13′ 112° 10.91′ 1320 EpiSensor Etna Digital NSMP, 

ANSS 

AHI Auburn, ID AHID BH[ZEN] 3 US 42° 45.92′ 111° 06.02′ 1960 * * Digital USGS 



 

A-2

UURSN SEED  SEED No. of Network Elevation
Code 

Location 
Station Channel Channels Code 

Latitude Longitude
(meters)

Sensor Digitizer Telemetry Sponsor 

ALP Alpine Fire Station, Alpine, UT ALP EN[ZEN] 3 UU 40° 27.26′ 111° 46.61′ 1510 EpiSensor K2 Digital ANSS 
Applied  ALT Alta City Offices, Alta, UT ALT EN[ZEN] 3 UU 40° 35.42′ 111° 38.25′ 2635 
Mems 

ANSS-130 Digital ANSS 

Tri-Cities Golf Course 
AMF 

American Fork, UT 
AMF EN[ZEN] 3 UU 40° 24.11′ 111° 47.27′ 1445 EpiSensor K2 Digital ANSS 

ANMO Albuquerque, NM ANMO BH[ZEN] 3 IU 34° 57.01′ 106° 27.61′ 1743 * * Digital USGS 
ARGU Argyle Ridge, UT ARGU EHZ 1 UU 39° 49.37′ 110° 32.62′ 2828 S13 Masscomp Analog Utah 
ARUT Antelope Range, UT ARUT EHZ 1 UU 37° 47.28′ 113° 26.42′ 1646 L4C Masscomp Analog Utah 

Applied AVE Avenues, Salt Lake City, UT AVE EN[ZEN] 3 UU 40° 46.47′ 111° 51.83′ 1387 
Mems 

ANSS-130 Digital ANSS 

BBU Bumble Bee, Salt Lake City, UT BBU EH[ZEN] 3 UU 40° 44.73′ 112° 00.67′ 1291 L4C Masscomp Analog USGS 
EHZ L4C BCE Book Cliffs East, UT BCE 

EN[ZEN]
4 UU 39° 36.79′ 110° 24.51′ 2666 

EpiSensor 
K2 Digital Utah 

Brigham City Maintenance Shop BCS 
Brigham City, UT 

BCS EN[ZEN] 3 UU 41° 30.71′ 112° 01.98′ 1303 EpiSensor K2 Digital ANSS 

BCU Brigham City, UT BCU EN[ZEN] 3 UU 41° 30.74′ 111° 58.93′ 1676 EpiSensor K2 Digital ANSS 
EHZ L4C BCW Book Cliffs West, UT BCW 

EN[ZEN]
4 UU 39° 43.82′ 110° 44.55′ 2614 

EpiSensor 
K2 Digital Utah 

BEI Bear River Range, ID BEI EHZ 1 UU 42° 07.00′ 111° 46.94′ 1859 L4C Masscomp Analog USGS 
Bates Elementary School BES 

Ogden, UT 
BES EN[ZEN] 3 UU 41° 19.10′ 111° 57.26′ 1455 EpiSensor K2 Digital ANSS 

BGMZ Barton Gulch, MT BGMT EHZ 1 MB 45° 14.00′ 112° 02.43′ 2172 * * Analog MBMT 

EN[ZEN] 3 EpiSensor BGU Big Grassy Mountain, UT BGU 
HH[ZEN] 3 

UU 40° 55.53′ 113° 01.79′ 1640 
3ESP 

72A-08 Digital ANSS 

BHU Blowhard Mountain, UT BHU EH[ZEN] 3 UU 37° 35.55′ 112° 51.42′ 3230 S13 Masscomp Analog Utah 
BMN Battle Mountain, NM BMN BHZ 1 NN 40° 25.89′ 117° 13.31′ 1594 * * Digital UNR 

BMUT Black Mountain, UT BMUT EHZ 1 UU 41° 57.49′ 111° 14.05′ 2243 S13 Masscomp Analog USGS 
BON Boundary Peak, NV BONR SHZ 1 NN 37° 57.31′ 118° 18.10′ 2582 * * Digital UNR 
BOZ Bozeman, MT BOZ BH[ZEN] 3 US 45° 38.82′ 111° 37.78′ 1589 * * Digital USGS 

Butlerville Substation BSS 
Salt Lake City, UT 

BSS EN[ZEN] 3 UU 40° 37.45′ 111° 49.37′ 1411 EpiSensor K2 Digital ANSS 

BTU Barney Top, UT BTU EHZ 1 UU 37° 45.34′ 111° 52.46′ 3235 S13 Masscomp Analog Utah 
BW0 Boulder, WY BW06 BH[ZEN] 3 US 42° 46.00′ 109° 33.50′ 2224 * * Digital USGS 
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Brigham Young Park 
BYP 

Salt Lake City, UT 
BYP EN[ZEN] 3 UU 40° 46.26′ 111° 53.23′ 1323 Applied 

Mems ANSS-130 Digital ANSS 

Brigham Young University BYU 
Provo, UT 

BYU EN[ZEN] 3 UU 40° 15.17′ 111° 38.97′ 1421 EpiSensor K2 Digital ANSS 

BZMZ Bozeman Pass, MT BZMT EHZ 1 MB 45° 38.89′ 110° 47.80′ 1905 * * Analog MBMT 

CAPU  Capitol, Salt Lake City, UT CAP EN[ZEN] 3 UU 40° 46.71′ 111° 53.40′ 1384 Applied 
Mems ANSS-130 Digital ANSS 

HH[ZEN] 3 STS-2 
CCUT  Cedar City, UT CCUT 

EN[ZEN] 3 
UU 37° 33.04′ 113° 21.77′ 2124 Applied 

Mems 
ANSS-130 Digital USGS 

Copperton Fire Station CFS 
Copperton, UT 

CFS EN[ZEN] 3 UU 40° 33.96′ 112° 05.61′ 1654 EpiSensor K2 Digital ANSS 

Copper Hills High School, CHS 
West Jordan, UT 

CHS EN[ZEN] 3 UU 40° 35.68′ 112° 01.03′ 1460 Applied 
Mems ANSS-130 Digital ANSS 

COM Craters of the Moon, ID COMI EHZ 1 IE 43° 27.72′ 113° 35.64′ 1890 * * Digital INEEL 
Coyote Canyon, COY 

Tooele Valley, UT 
COY EN[ZEN] 3 UU 40° 39.56′ 112° 14.34′ 1572 Applied 

Mems ANSS-130 Digital ANSS 

CRMZ Chrome Mountain, MT CRMT EHZ 1 MB 45° 27.35′ 110° 08.41′ 2941 * * Analog MBMT 
CTU Camp Tracy, UT CTU HH[ZEN] 3 UU 40° 41.55′ 111° 45.02′ 1731 40T 72A-07 Digital USGS 

Applied  CWR Coldwater Ranch, Paradise, UT CWR EN[ZEN] 3 UU 41° 34.90′ 111° 46.89′ 1837 
Mems 

ANSS-130 Digital ANSS 

CWU Camp Williams, UT CWU EHZ 1 UU 40° 26.75′ 112° 06.13′ 1945 L4C Masscomp Analog USGS 
DAU Daniels Canyon, UT DAU EHZ 1 UU 40° 24.75′ 111° 15.35′ 2771 S13 Masscomp Analog USGS 
DBD Des Bee Dove, UT DBD EHZ 1 UU 39° 18.82′ 111° 05.55′ 2265 L4C Masscomp Analog Utah 

EHZ 1 L4C DCM Dugout Coal Mine, UT DCM 
EN[ZEN] 3 

UU 39° 41.70′ 110° 35.00′ 2537 
EpiSensor 

K2 Digital Utah 

DCU Deer Creek Reservoir, UT DCU EHZ 1 UU 40° 24.82′ 111° 31.61′ 1829 L4C Masscomp Analog USGS 

DOT Utah Dept. of Transportation Region II 
Offices, Salt Lake City, UT DOT EN[ZEN] 3 UU 40° 43.61′ 111° 57.65′ 1282 Applied 

Mems ANSS-130 Digital ANSS 

BH[ZEN] 3 US * * Digital USGS 
EH[ZEN]DUG Dugway, UT DUG 
EL[ZEN]

6 UU 
40° 11.70′ 112° 48.80′ 1477 

S13 Masscomp Analog Utah, USGS

DWU Dry Willow, UT DWU EHZ 1 UU 38° 06.32′ 112° 59.85′ 2270 S13 Masscomp Analog Utah 
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ECR Eagle Creek, ID ECRI EHZ 1 IE 43° 03.24′ 111° 22.26′ 2086 * * Digital INEEL 
EKU East Kanab, UT EKU EHZ 1 UU 37° 04.48′ 112° 29.81′ 1829 S13 Masscomp Analog Utah 

ELE East Layton Elementary School, 
East Layton, UT ELE EN[ZEN] 3 UU 41° 04.84′ 111° 55.09′ 1444 Applied 

Mems ANSS-130 Digital ANSS 

ELK Elko, NV ELK BH[ZEN] 3 US 40° 44.69′ 115° 14.33′ 2210 * * Digital USGS 
ELU Electric Lake, UT ELU EHZ 1 UU 39° 38.41′ 111° 12.23′ 2970 L4C Masscomp Analog Utah 

EMF Eagle Mountain Gas Tap, UT EMF EN[ZEN] 3 UU 40° 16.89′ 111° 59.92′ 1487 Applied 
Mems ANSS-130 Digital ANSS 

EH[ZEN]
ELZ 

4 S13 Masscomp Analog USGS 
EMU Emma Park, UT EMU 

EN[ZEN] 3 
UU 39° 48.84′ 110° 48.92′ 2268 

FBA23 K2 Digital Utah 
EPU East Promontory, UT EPU EHZ 1 UU 41° 23.49′ 112° 24.53′ 1436 L4C Masscomp Analog USGS 

Elwood Town Hall, ETW 
Elwood, UT 

ETW EN[ZEN] 3 UU 41° 40.15′ 112° 08.53′ 1305 Applied 
Mems ANSS-130 Digital ANSS 

FLU Fool′s Peak, UT FLU EHZ 1 UU 39° 22.69′ 112° 10.29′ 1951 18300 Masscomp Analog USGS 
FPU Francis Peak, UT FPU EHZ 1 UU 41° 01.58′ 111° 50.21′ 2816 L4C Masscomp Analog USGS 
FSU Fish Springs, UT FSU EHZ 1 UU 39° 43.35′ 113° 23.48′ 1487 18300 Masscomp Analog Utah 

Fire Training Tower, FTT 
Magna, UT 

FTT EN[ZEN] 3 UU 40° 41.16′ 112° 04.99′ 1381 Applied 
Mems ANSS-130 Digital ANSS 

FLWY Flagg Ranch, WY FLWY BH[ZEN] 3 IW 44° 04.96′ 110° 41.96′ 2078 3ESP RT-130 Digital ANSS 
PacifiCorp Gasification Plant, GAS 

Salt Lake City, UT 
GAS EN[ZEN] 3 UU 40° 46.18′ 111° 54.41′ 1294 Applied 

Mems ANSS-130 Digital ANSS 

GBI Big Grassy Butte, ID GBI EHZ 1 IE 43° 59.22′ 112° 03.78′ 1541 * * Digital INEEL 
GCN Grand Canyon, AZ GCN EHZ 1 AR 36° 02.64′ 112° 07.68′ 2294 * * Analog NAU 

Grantsville Maintenance Office, GMO 
Grantsville, UT 

GMO EN[ZEN] 3 UU 40° 36.04′ 112° 28.48′ 1320 Applied 
Mems ANSS-130 Digital ANSS 

EH[ZEN]GMU Granite Mountain, UT GMU 
ELZ 

4 UU 40° 34.53′ 111° 45.79′ 1829 S13 Masscomp Analog USGS 

Granite Mountain Vault GMV 
Sandy, UT 

GMV EN[ZEN] 3 UU 40° 34.40′ 111° 45.79′ 1829 EpiSensor K2 Digital ANSS 

GRD Gardner Farm, UT GRD EHZ 1 UU 40° 35.93′ 111° 55.47′ 1323 Ranger Masscomp Analog USGS 
GRR Grays Lake, ID GRRI EHZ 1 IE 42° 56.28′ 111° 25.32′ 2207 * * Digital INEEL 
GZU Grizzly Peak, UT GZU EH[ZEN] 4 UU 41° 25.53′ 111° 58.50′ 2646 S13 Masscomp Analog USGS 
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ELZ 

HCO Holladay City Offices 
Holladay, UT HCO EN[ZEN] 3 UU 40° 40.07′ 111° 49.38′ 1362 EpiSensor K2 Digital ANSS 

HDU Hyde Park, UT HDU EHZ 1 UU 41° 48.18′ 111° 45.99′ 1807 L4C Masscomp Analog USGS 
HEB Heber, UT HEB EHZ 1 UU 40° 30.09′ 111° 20.15′ 1925 S13 Masscomp Analog Utah 

HER Herriman Fire Station 
Herriman, UT HER EN[ZEN] 3 UU 40° 30.94′ 112° 01.85′ 1502 EpiSensor K2 Digital ANSS 

HES Hooper Elementary School Hooper, UT HES EN[ZEN] 3 UU 41° 09.89′ 112° 07.30′ 1292 EpiSensor K2 Digital ANSS 
HHA Hell′s Half Acre, ID HHAI EHZ 1 IE 43° 17.70′ 112° 22.74′ 1371 * * Digital INEEL 
HLI Hailey, ID HLID BH[ZEN] 3 US 43° 33.75′ 114° 24.83′ 1772 * * Digital USGS 

EHZ 1 S13 Masscomp Analog 
HLJ Hailstone, UT HLJ 

EN[ZEN] 3 
UU 40° 36.64′ 111° 24.05′ 1931 

FBA23 K2 None 
Utah 

HMU Henry Mountain, UT HMU HH[ZEN] 3 UU 37° 56.28′ 110° 44.51′ 2430 3T 72A-07 Digital Utah 

HON HON EN[ZEN] 3 Applied  
Mems ANSS-130 Digital ANSS 

HONU 

Honeyville, UT 

HONU EHZ 1 

UU 41° 36.97′ 112° 03.05′ 1528 

L4C Masscomp Analog USGS 
EHZ 1 Ranger Masscomp Analog USGS 

HRU Hogsback Ridge, UT HRU 
EN[ZEN] 3 

UU 40° 47.67′ 111° 53.14′ 1620 Applied  
Mems ANSS-130 Digital ANSS 

HTU Hoyt, UT HTU EHZ 1 UU 40° 40.52′ 111° 13.21′ 2576 L4C Masscomp Analog USGS 
HVU Hansel Valley, UT HVU HH[ZEN] 3 UU 41° 46.78′ 112° 46.50′ 1609 40T 72A-07 Digital USGS 
HWU Hardware Ranch, UT HWUT BH[ZEN] 3 US 41° 36.41′ 111° 33.91′ 1830 * * Digital USGS 

ICF International Center Fire Station,  
Salt Lake City, UT ICF EN[ZEN] 3 UU 40° 46.69′ 112° 01.72′ 1281 EpiSensor K2 Digital ANSS 

ICU Indian Springs Canyon, UT ICU EHZ 1 UU 37° 08.98′ 113° 55.41′ 1451 S13 Masscomp Analog Utah 
IMU Iron Mountain, UT IMU EHZ 1 UU 38° 37.99′ 113° 09.50′ 1833 L4C Masscomp Analog Utah 
IMW Indian Meadows, WY IMW BH[ZEN] 3 IW 43° 53.58′ 110° 56.58′ 2670 3ESP RT-130 Digital ANSS 

EN[ZEN] 3 EpiSensor JLU Jordanelle, UT JLU 
HH[ZEN] 3 

UU 40° 36.12′ 111° 27.00′ 2285 
3ESP 

72A-08 Digital ANSS 

JRP Jordan River State Park 
Salt Lake City, UT JRP EN[ZEN] 3 UU 40° 49.54′ 111° 56.66′ 1284 EpiSensor K2 Digital ANSS 
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JVW Jordan Valley Water District Well, 
Murray, UT JVW EN[ZEN] 3 UU 40° 37.95′ 111° 54.46′ 1315 Applied  

Mems ANSS-130 Digital ANSS 

KLJ Keetley, UT KLJ EHZ 1 UU 40° 37.85′ 111° 24.30′ 1992 S13 Masscomp Analog Utah 
KNB Kanab, UT KNB BH[ZEN] 3 US 37° 01.00′ 112° 49.34′ 1715 * * Digital LLNL 

LCU Little Cottonwood, UT LCU EN[ZEN] 3 UU 40° 34.41′ 111° 47.91′ 1571 Applied  
Mems K2 Digital ANSS 

LDJ Lady, UT LDJ EHZ 1 UU 40° 34.89′ 111° 24.52′ 2217 S13 Masscomp Analog Utah 
LEVU Levan, UT LEVU EHZ 1 UU 39° 30.39′ 111° 48.88′ 1996 L4C Masscomp Analog USGS 

LGC Lakeside Golf Course 
Bountiful, UT LGC EN[ZEN] 3 UU 40° 54.04′ 111° 54.51′ 1292 EpiSensor K2 Digital ANSS 

LKC Lee Kay Hunter Education Center 
Magna, UT LKC EN[ZEN] 3 UU 40° 43.62′ 112° 02.14′ 1289 EpiSensor K2 Digital ANSS 

LKW Lake, WY LKWY BH[ZEN] 3 US 44° 33.91′ 110° 24.00′ 2424 * * Digital USGS 
LMU Lake Mountain, UT LMU EN[ZEN] 3 UU 40° 18.91′ 111° 55.92′ 1593 EpiSensor K2 Digital ANSS 

LOHW National Elk Refuge, WY LOHW BH[ZEN] 3 IW 43° 36.76′ 110° 36.30′ 2245 3ESP RT-130 Digital ANSS 

LRG Logan River Golf Course LRG EN[ZEN] 3 UU 41° 42.82′ 111° 51.08′ 1362 Applied  
Mems ANSS-130 Digital ANSS 

LSU Lake Shores, UT LSU EN[ZEN] 3 UU 40° 07.94′ 111° 43.80′ 1375 EpiSensor K2 Digital ANSS 
LTU Little Mountain, UT LTU EHZ 1 UU 41° 35.51′ 112° 14.83′ 1585 L4C Masscomp Analog USGS 

MAB Mapleton Ambulance Building 
Mapleton, UT MAB EN[ZEN] 3 UU 40° 07.85′ 111° 34.67′ 1440 EpiSensor K2 Digital ANSS 

MBUT Moab, UT MBUT EN[ZEN] 3 UU 38° 32.00′ 109° 30.59′ 1376 FBA23 Etna Digital Utah 
MCID Moose Creek, ID MCID EHZ 1 WY 44° 11.45′ 111° 11.03′ 2137 L4C Masscomp Analog USGS 
MCU Monte Cristo Peak, UT MCU EHZ 1 UU 41° 27.70′ 111° 30.45′ 2664 18300 Masscomp Analog USGS 

MGU Meadow Brook Golf Course 
Salt Lake City, UT MGU EHZ 1 UU 40° 40.89′ 111° 55.09′ 1291 Ranger Masscomp Analog USGS 

MHD Mile High Drive, UT MHD EHZ 1 UU 40° 39.64′ 111° 48.05′ 1597 Ranger Masscomp Analog USGS 

MID Middle Canyon, UT MID EN[ZEN] 3 UU 40° 31.04′ 112° 15.28′ 1722 Applied  
Mems ANSS-130 Digital ANSS 

MLI Malad Range, ID MLI EHZ 1 UU 42° 01.61′ 112° 07.53′ 1896 L4C Masscomp Analog USGS 
MMU Miners Mountain, UT MMU EHZ 1 UU 38° 11.57′ 111° 17.66′ 2387 S13 Masscomp Analog Utah 
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MOMZ Monida, MT MOMT EHZ 1 MB 44° 35.60′ 112° 23.66′ 2220 * * Analog MBMT 

MOR Morgan,UT MOR EN[ZEN] 3 UU 41° 02.77′ 111° 39.94′ 1633 Applied  
Mems ANSS-130 Digital ANSS 

MOUT Mount Ogden, UT MOUT EHZ 1 UU 41° 11.94′ 111° 52.73′ 2743 S13 Masscomp Analog USGS 
EN[ZEN] 3 EpiSensor K2 Digital ANSS MPU Maple Canyon, UT MPU 
HH[ZEN] 3 

UU 40° 00.93′ 111° 38.00′ 1909 
40T 72A-07 Digital USGS 

MSU Marysvale, UT MSU EHZ 1 UU 38° 30.74′ 112° 10.63′ 2105 18300 Masscomp Analog Utah 
MTLO Mt. Logan, AZ MTL EHZ 1 AR 36° 21.18′ 113° 11.94′ 2418 * * Analog NAU 
MTUT Morton Thiokol, UT MTUT EHZ 1 UU 41° 42.55 112° 27.28′ 1373 L4C Masscomp Analog USGS 
MVU Marysvale, UT MVU BH[ZEN] 3 LB 38° 30.22′ 112° 12.74′ 2240 * * Digital Sandia 
NAI NAI EN[ZEN] 3 EpiSensor K2 Digital ANSS 

NAIU 
North Antelope Island, UT 

NAIU EHZ 1 
UU 41° 00.97′ 112° 13.68′ 1472 

L4C Masscomp Analog USGS 
EN[ZEN] 3 Episensor 

NLU North Lily Mine, UT NLU 
HH[ZEN] 3 

UU 39° 57.29′ 112° 04.50′ 2036 
3ESP 

72A-08 Digital ANSS 

EH[ZEN]NMU North Mineral Mountain, UT NMU 
ELZ 

4 UU 38° 30.99′ 112° 51.00′ 1853 S13 Masscomp Analog Utah 

EN[ZEN] 3 EpiSensor K2 Digital ANSS NOQ North Oquirrh Mountains, UT NOQ 
HH[ZEN] 3 

UU 40° 39.16′ 112° 07.26′ 1628 
40T 72A-07 Digital USGS 

NPI North Pocatello, ID NPI EHZ 1 UU 42° 08.84′ 112° 31.10′ 1640 L4C Masscomp Analog USGS 
OCP Orem City Park, Orem, UT OCP EN[ZEN] 3 UU 40° 17.87′ 111° 41.44′ 1464 EpiSensor K2 Digital ANSS 

OF2 Ogden Fire Station º 2 
Ogden, UT OF2 EN[ZEN] 3 UU 41° 13.70′ 111° 56.92′ 1358 EpiSensor K2 Digital ANSS 

OPS Ogden Public Safety Building, 
Ogden, UT OPS EN[ZEN] 3 UU 41° 13.72′ 111° 58.54′ 1317 Applied 

Mems ANSS-130 Digital ANSS 

OSS Oquirrh Sub Station, UT OSS EN[ZEN] 3 UU 40° 33.77′ 112° 01.61′ 1503 Applied  
Mems ANSS-130 Digital ANSS 

OWUT Old Woman Plateau, UT OWUT EHZ 1 UU 38° 46.80′ 111° 25.42′ 2568 L4C Masscomp Analog Utah 
P03 Wild Steer, Paradox Basin, CO PV03 EHZ 1 RE 38° 15.26′ 108° 50.88′ 1975 * * Analog USBR 

P15 Potato Mountain 
Paradox Basin, CO PV15 EHZ 1 RE 38° 20.51′ 108° 28.86′ 2280 * * Analog USBR 

PCL Plain City Landfill 
Plain City, UT PCL EN[ZEN] 3 UU 41° 18.60′ 112° 06.00′ 1290 Applied 

Mems ANSS-130 Digital ANSS 
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PCR Park City Recreation Center 
Park City, UT PCR EN[ZEN] 3 UU 40° 39.25′ 111° 30.19′ 2100 EpiSensor K2 Digital ANSS 

PGAZ Page, AZ PGA EHZ 1 AR 36° 54.34′ 111° 16.86′ 1272 * * Analog NAU 
PGC Pleasant Grove Creek, UT PGC EN[ZEN] 3 UU 40° 22.71′ 111° 42.62′ 1707 EpiSensor K2 Digital ANSS 
PRN Pahroc, Range, NV PRN SHZ 1 NN 37° 24.40′ 115° 03.05′ 1402 * * Digital UNR 
PTI Pocatello, ID PTI EHZ 1 IE 42° 52.20′ 112° 22.21′ 1670 * * Digital INEEL 
PTU Portage, UT PTU EHZ 1 UU 41° 55.76′ 112° 19.48′ 2192 L4C Masscomp Analog USGS 

QLMZ Earthquake Lake, MT QLMT EHZ 1 MB 44° 49.84′ 111° 25.80′ 2064 * * Analog MBMT 
RBU Red Butte Canyon, UT RBU EHZ 1 UU 40° 46.85′ 111° 48.50′ 1676 L4C Masscomp Analog USGS 
RCJ Ross Creek, UT RCJ EHZ 1 UU 40° 39.51′ 111° 26.36′ 2090 S13 Masscomp Analog Utah 

REDW Red-Top Meadows, WY REDW BH[ZEN] 3 IW 43° 21.74′ 110° 51.18′ 2322 3ESP RT-130 Digital ANSS 

RIV Public Works Building 
Riverton, UT RIV EN[ZEN] 3 UU 40° 31.16′ 111° 56.05′ 1347 EpiSensor K2 Digital ANSS 

ROA Roan Cliffs, UT ROA EHZ 1 UU 39° 39.69′ 110° 21.88′ 2962 S13 Masscomp Analog Utah 
RRI2 Red Ridge, ID RRI2 BH[ZEN] 3 IW 43° 20.84′ 111° 19.20′ 2547 3ESP RT-130 Digital ANSS 
RSUT Red Spur, UT RSUT EHZ 1 UU 41° 38.31′ 111° 25.90′ 2682 S13 Masscomp Analog USGS 
SAIU South Antelope Island, UT SAIU EHZ 1 UU 40° 51.29′ 112° 10.89′ 1384 L4C Masscomp Analog USGS 
SCC Salt Lake Community College SCC EN[ZEN] 3 UU 40° 40.49′ 111° 56.37′ 1306 EpiSensor K2 Digital ANSS 

SCS Syracuse City Cemetery Shop 
Syracuse, UT SCS EN[ZEN] 3 UU 41° 05.73′ 112° 02.81′ 1321 EpiSensor K2 Digital ANSS 

SCY Salem City Yard, Salem, UT SCY EN[ZEN] 3 UU 40° 03.47′ 111° 41.14′ 1386 Applied  
Mems ANSS-130 Digital ANSS 

SGU Sterling, UT SGU EHZ 1 UU 39° 10.94′ 111° 38.68′ 2357 18300 Masscomp Analog USGS 
SHP Sheep Range, NV SHP EHZ 1 NN 36° 30.33′ 115° 09.61′ 1590 * * Digital UNR 

SJF South Jordan Fire Station, 
South Jordan, UT SJF EN[ZEN] 3 UU 40° 33.37′ 111° 56.34′ 1356 Applied 

Mems ANSS-130 Digital ANSS 

SNO Snow College, UT SNO EHZ 1 UU 39° 19.18′ 111° 32.33′ 2503 Ranger Masscomp Analog Utah 
SNUT Stanbury North, UT SNUT EHZ 1 UU 40° 53.10′ 112° 30.52′ 1652 18300 Masscomp Analog USGS 

SPR Wildlife Resource Center 
Springville, UT SPR EN[ZEN] 3 UU 40° 10.94′ 111° 36.71′ 1379 EpiSensor K2 Digital ANSS 

SPS Stansbury Park Sewage Lagoon 
Stansbury Park, UT SPS EN[ZEN] 3 UU 40° 38.97′ 112° 18.95′ 1293 Applied 

Mems ANSS-130 Digital ANSS 
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EN[ZEN] 3 EpiSensor SPU South Promontory Point, UT SPU 
HH[ZEN] 3 

UU 41° 18.52′ 112° 26.95′ 2086 
3ESP 

72A-08 Digital ANSS 

EHZ 1 S13 Masscomp Analog 
HH[ZEN] STS-2 SRU San Rafael Swell, UT SRU 
EN[ZEN]

6 
UU 39° 06.65′ 110° 31.43′ 1804 

EpiSensor 
72A-08 Digital 

Utah 

SSC Sandy Senior Center 
Sandy, UT SSC EN[ZEN] 3 UU 40° 34.89′ 111° 51.35′ 1414 EpiSensor K2 Digital ANSS 

SUU Santaquin Canyon, UT SUU EHZ 1 UU 39° 53.29′ 111° 47.45′ 2024 18300 Masscomp Analog USGS 
EN[ZEN] 3 EpiSensor TCU Toone Canyon, UT TCU 
HH[ZEN] 3 

UU 41° 07.04′ 111° 24.47′ 2269 
3ESP 

72A-08 Digital ANSS 

TCUT Toone Canyon, UT TCUT EHZ 1 UU 41° 07.07′ 111° 24.51′ 2320 L4C Masscomp Analog USGS 
TMI Taylor Mountain, ID TMI EHZ 1 IE 43° 18.30′ 111° 55.08′ 2179 * * Digital INEEL 
TMU TMU HH[ZEN] 3 40T 
TM2 

Trail Mountain, UT 
TM2 EH[ZEN] 3 

UU 39° 17.79′ 111° 12.49′ 2731 
S13 

72A-08 Digital Utah 

TPMZ Teepe Creek, MT TPMT EHZ 1 MB 44° 43.79′ 111° 39.94′ 2518 * * Analog MBMT 
TPNV Topopah Spring, NV TPNV BH[ZEN] 3 US 36° 56.93′ 116° 14.97′ 1600 * * Digital USGS 
TPU Thanksgiving Point, Lehi, UT TPU EN[ZEN] 3 UU 40° 25.81′ 111° 54.13′ 1383 EpiSensor K2 Digital ANSS 
TRC Troy Canyon, NV TRC BHZ 1 NN 38° 20.98′ 115° 35.11′ 1815 * * Digital UNR 

TRS Tooele County Radio Shop, 
Tooele, UT TRS EN[ZEN] 3 UU 40° 30.83′ 112° 18.63′ 1568 EpiSensor K2 Digital ANSS 

TUC Tucson, AZ TUC BH[ZEN] 3 US 32° 18.58′ 110°47.05′ 906 * * Digital USGS 

UHP Utah Highway Patrol 
Farmington, UT UHP EN[ZEN] 3 UU 40° 59.47′ 111° 53.88′ 1295 EpiSensor K2 Digital ANSS 

UTH Uintah Town Hall, 
Uintah, UT UTH EN[ZEN] 3 UU 41° 08.65′ 111° 55.52′ 1389 EpiSensor K2 Digital ANSS 

UUE University of Utah EMCB Bldg. 
Salt Lake City, UT UUE EN[ZEN] 3 UU 40° 46.09′ 111° 50.77′ 1449 EpiSensor K2 Digital ANSS 

VEC 
Valley Emergency  

Communications Center 
West Valley City, UT 

VEC EN[ZEN] 3 UU 40° 39.21′ 112° 01.95′ 1480 EpiSensor K2 Digital ANSS 

VES Valley Elementary School, 
Huntsville, UT VES EN[ZEN] 3 UU 41° 15.72′ 111° 46.20′ 1501 Applied 

Mems ANSS-130 Digital ANSS 
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UURSN SEED  SEED No. of Network Elevation
Code 

Location 
Station Channel Channels Code 

Latitude Longitude
(meters)

Sensor Digitizer Telemetry Sponsor 

VNL Vernal, UT VNL EN[ZEN] 3 UU 40° 27.48′ 109° 32.89′ 1648 FBA23 Etna Digital Utah
WBC Weber Canyon, UT WBC EN[ZEN] 3 UU 41° 08.38′ 111° 54.05′ 1602 EpiSensor K2 Digital ANSS 

WCF Wellsville Fire Station, 
Wellsville, UT WCF EN[ZEN] 3 UU 41° 38.37′ 111° 55.94′ 1387 Applied 

Mems ANSS-130 Digital ANSS 

WCN Washoe, NV WCN HHZ 1 NN 39° 18.10′ 119° 45.38′ 1500 * * Digital UNR 
WCU Willow Creek, UT WCU EHZ 1 UU 38° 57.88′ 112° 05.44′ 2673 18300 Masscomp Analog USGS 

WES Westminster College 
Salt Lake City, UT WES EN[ZEN] 3 UU 40° 43.97′ 111° 51.26′ 1341 EpiSensor K2 Digital ANSS 

WHS West High School WHS EN[ZEN] 3 UU 40° 46.51′ 111° 53.93′ 1301 EpiSensor K2 Digital ANSS 
WMUT West Mountain, UT WMUT EHZ 1 UU 40° 04.60′ 111° 50.00′ 1981 L4C Masscomp Analog USGS 

WRP Water Reclamation Plant 
Salt Lake City, UT WRP EN[ZEN] 3 UU 40° 48.82′ 111° 55.87′ 1286 Applied 

Mems ANSS-130 Digital ANSS 

EH[ZEN]
ELZ 

4 S13 Masscomp Analog USGS 
WTU Western Traverse Mountains, UT WTU 

EN[ZEN] 3 
UU 40° 27.29′ 111° 57.21′ 1552 

Applied  
Mems ANSS-130 Digital ANSS 

WUAZ Wupatki, AZ WUAZ BH[ZEN] 3 US 35° 31.01′ 111° 22.43′ 1592 * * Digital USGS 
WVUT Wellsville, UT WVUT EHZ 1 UU 41° 36.61′ 111° 57.55′ 1828 L4C Masscomp Analog USGS 
YDC Denny Creek, MT YDC EHZ 1 WY 44° 42.51′ 111° 14.60′ 2025 L4C Masscomp Analog USGS 

HH[ZEN] 3 40T 72A-07 Digital YFT Old Faithful (YNP), WY YFT 
EHZ 1 

WY 44° 27.05′ 110° 50.24′ 2292 
L4C None None 

USGS 

YGC Grayling Creek, MT YGC EHZ 1 WY 44° 47.77′ 111° 06.45′ 2075 L4C Masscomp Analog USGS 
YHB Horse Butte, MT YHB EHZ 1 WY 44° 45.07′ 111° 11.71′ 2157 L4C Masscomp Analog USGS 
YHH Holmes Hill (YNP), WY YHH EH[ZEN] 3 WY 44° 47.30′ 110° 51.03′ 2717 S13 Masscomp Analog USGS 
YJC Joseph′s Coat (YNP), WY YJC EHZ 1 WY 44° 45.33′ 110° 20.95′ 2684 S13 Masscomp Analog USGS 
YLA Lake Butte (YNP), WY YLA EHZ 1 WY 44° 30.76′ 110° 16.12′ 2580 L4C Masscomp Analog USGS 
YLT Little Thumb Creek (YNP), WY YLT EHZ 1 WY 44° 26.25′ 110° 35.28′ 2439 L4C Masscomp Analog USGS 
YMC Maple Creek (YNP), WY YMC EHZ 1 WY 44° 45.53′ 111° 00.41′ 2073 S13 Masscomp Analog USGS 
YML Mary Lake (YNP), WY YML EHZ 1 WY 44° 36.20′ 110° 38.63′ 2653 L4C Masscomp Analog USGS 
YMP Mirror Plateau (YNP), WY YMP EH[ZEN] 3 WY 44° 44.38′ 110° 09.40′ 2774 S13 Masscomp Analog USGS 
YMR Madison River (YNP), WY YMR HH[ZEN] 3 WY 44° 40.12′ 110° 57.90′ 2149 40T 72A-07 Digital USGS 
YMS Mount Sheridan (YNP), WY YMS EHZ 1 WY 44° 15.84′ 110° 31.67′ 3106 L4C Masscomp Analog USGS 
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UURSN SEED  SEED No. of Network Elevation
Code 

Location 
Station Channel Channels Code 

Latitude Longitude
(meters)

Sensor Digitizer Telemetry Sponsor 

YMV Mammoth Vault (YNP), WY YMV EHZ 1 WY 44° 58.42′ 110° 41.33′ 1829 L4C Masscomp Analog USGS 
YNR Norris Junction (YNP), WY YNR HH[ZEN] 3 WY 44° 42.93′ 110° 40.75′ 2336 40T RT-130 Digital USGS 
YPC Pelican Cone (YNP), WY YPC EHZ 1 WY 44° 38.88′ 110° 11.55′ 2932 L4C Masscomp Analog USGS 
YPK Parker Peak (YNP), WY YPK EH[ZEN] 3 WY 44° 43.91′ 109° 55.32′ 2897 L4C Masscomp Analog USGS 
YPM Purple Mountain (YNP), WY YPM EHZ 1 WY 44° 39.43′ 110° 52.12′ 2582 L4C Masscomp Analog USGS 
YPP Pitchstone Plateau (YNP), WY YPP EHZ 1 WY 44° 16.26′ 110° 48.27′ 2707 S13 Masscomp Analog USGS 
YSB Soda Butte (YNP), WY YSB EHZ 1 WY 44° 53.04′ 110° 09.06′ 2072 L4C Masscomp Analog USGS 
YTP The Promontory (YNP), WY YTP EHZ 1 WY 44° 23.51′ 110° 17.10′ 2384 L4 Masscomp Analog USGS 
YUF Upper Falls (YNP), WY YUF HH[ZEN] 3 WY 44° 42.76′ 110° 30.71′ 2394 3ESP ANSS-130 None USGS 
YWB West Boundary (YNP), WY YWB EHZ 1 WY 44° 36.35′ 111° 06.05′ 2310 L4C Masscomp Analog USGS 

 
 
 

 
 

* Indicates station operated by another agency and recorded as part of University of Utah regional seismic network 
 
Network Statistics: 543 data channels from 223 stations were being recorded at the end of this report period 
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EXPLANATION OF TABLE  
 
UURSN Code:  Station code used in routine processing.  Due to processing software limitations, the 
station code may not be the station code used by the original operator.  For multi-component stations, the 
vertical, east-west, and north-south high gain (low gain) components are identified by an appended Z(V), 
E(L), and N(M), respectively, in UUSS phase files. 
 
Location: General description of station location.  YNP = Yellowstone National Park. 
 
SEED Station:  The SEED (Standard for the Exchange of Earthquake Data) station code used by the 
original operator. 
 
SEED Channel:  The SEED format uses three letters to name seismic channels.  See 
<<http://www.iris.edu/manuals/SEED_appA.htm>> for information about the SEED channel naming 
convention.  Relevant sections are reproduced below. In the SEED convention, each letter describes one 
aspect of the instrumentation and its digitization.  The first letter specifies the general sampling rate and 
the response band of the instrument.  Band codes used in this table include: 
 

Band Code Band Type Sample Rate Corner Period 
E Extremely short period ≥ 80 Hertz < 10 seconds 
H High broadband ≥ 80 Hertz ≥ 10 seconds 
B Broadband ≥ 10 to < 80 Hertz ≥10 seconds 
S Short period ≥ 10 to < 80 Hertz < 10 seconds 

 
The second letter specifies the family to which the sensor belongs.  Sensor families used in this table are: 
 

Instrument Code Description 

H High gain seismometer 
L Low gain seismometer 
N Accelerometer 
    

The third letter specifies the physical configuration of the members of a multiple axis instrument package. 
 Channel orientations used in this table are: 
 

Z E N Traditional (Vertical, East-West, North-South) 
 

 

Number of Channels:  Total number of waveform channels recorded. 
 
Network Code:  The FDSN (Federation of Digital Seismographic Networks) registered network code.  
See <<http://www.iris.edu/stations/networks.txt>> for information about registered seismograph network 
codes.  Network codes referenced in this table: 
 

Network Code Network name; Network operator or responsible organization 
AR Northern Arizona Seismic Network, Northern Arizona University 
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LB Leo Brady Network; Sandia National Laboratory 
IE Idaho National Engineering and Environmental Laboratory 
IU IRIS/USGS Network; USGS Albuquerque Seismological Laboratory 
IW Intermountain West Network 
MB Montana Regional Seismic Network; Montana Bureau of Mines and Geology 
NN Western Great Basin; University of Nevada, Reno 
NP National Strong Motion Program; U.S. Geological Survey 
RE U.S. Bureau of Reclamation Seismic Networks; U.S. Bureau of Reclamation, 

Denver Federal Center 
UU University of Utah Regional Network; University of Utah 
US US National Network; USGS National Earthquake Information Center 
WY 

 
Yellowstone Wyoming Seismic Network; University of Utah 
     

Latitude, Longitude:  Sensor location in degrees and decimal minutes; North latitude, West longitude. 
 
Elevation:  Sensor altitude in meters above sea level. 

 

Sensor 

 

Description 

L4, L4C Mark Products short-period seismometer 
S13, 18300 Geotech S13 or 18300 short-period seismometer 
Ranger Kinemetrics Ranger short-period seismometer 
40T Guralp CMG-40T broadband seismometer 
3T Guralp CMG-3T broadband seismometer 
3ESP Guralp CMG-3ESP broadband seismometer 
STS-2 Streckheisen STS-2 broadband seismometer 
FBA23 Kinemetrics accelerometer 
EpiSensor Kinemetrics accelerometer 
Applied Mems Applied Mems accelerometer 

 

Digitizer 

 

Description 

Masscomp Concurrent Computer Corporation (formerly Masscomp) 7200C computer (with 12-
bit digitizer) 

K2 Kinemetrics Altus Series K2 (19-bit resolution field digitizer) 
Etna Kinemetrics Altus Series Etna (19-bit resolution field digitizer) 
72A-07 Refraction Technology (REF TEK) model 72A-07 (24-bit field digitizer) 
72A-08 Refraction Technology (REF TEK) model 72A-08 (24-bit field digitizer) 
ANSS-130 Refraction Technology (REF TEK) model 130-ANSS/02 (24-bit resolution  

field digitizer) 
RT-130 Refraction Technology (REF TEK) model RT-130 (24-bit resolution  

field digitizer) 
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Telemetry 

 

Description 

Analog Data transmission is analog along part of the transmission pathway 
Digital Data are converted to digital form at the station site 
None On-site recording system 
 
Sponsor (or Operator for stations marked by * in preceding columns) 
USGS U.S. Geological Survey 
Utah State of Utah 
ANSS Advanced National Seismic System 
INEEL Idaho National Engineering and Environmental Laboratory 
USBR U.S. Bureau of Reclamation 
LLNL Lawrence Livermore National Laboratory 
Sandia Sandia National Laboratory 
BYU-I Brigham Young University, Idaho (formerly Ricks College) 
MBMT Montana Bureau of Mines and Geology 
NSMP National Strong Motion Program, U.S. Geological Survey 
UNR University of Nevada, Reno 
 
 
NETWORK CHANGES DURING FEBRUARY 1-DECEMBER 1 (Italicized rows in Table)  
  
May 24, 2006 Begin  recording IW station FLWY, components BH[ZEN] 
June 1, 2006 Begin  continuous recording of station CCUT, components EN[ZEN] 
July 27, 2006 Begin  onsite recording of station MBUT, components EN[ZEN] 
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APPENDIX B 
 

Siting Partners for ANSS Seismic Instrumentation 
 
 
K-12 Schools and Colleges 
 
Davis School District 
Dixie State College 
Granite School District 
Jordan School District 
Nebo School District 
Salt Lake School District 
Weber School District 
Brigham Young University 
Salt Lake Community College  
Southern Utah University 
University of Utah 
Weber State College  
Westminster College 
 
Utah Cities, Towns & Counties 
 
Alpine 
Alta 
American Fork 
Bountiful 
Brigham City 
Copperton 
Eagle Mountain 
Elwood 
Grantsville 
Holladay 
Herriman 
Lehi 
Logan 
Magna 
Mapleton 
Morgan 
Murray 
Ogden 
Orem 
Park City 
Patson 
Plain City 
Pleasant Grove 
Riverton 
Salem 
Salt Lake City 
Sandy 
South Jordan 
Stansbury Park 

Syracuse 
Tooele 
Uintah 
Wellsville 
West Valley City 
 
Cache County 
Davis County 
Salt Lake County 
Utah County 
Weber County 
 
Other Siting Partners 
 
Church of Jesus Christ of 
    Latter-Day Saints 
Jordan River Park 
Jordan Valley Water District 
Kennecott Corporation 
US Bureau of Reclamation 
US Bureau of Land Management 
Utah Communications Agency Network 
US Department of the Army 
US Forest Service 
Utah Department of Transportation 
Utah Department of Information  
    Technology Services 
Utah Highway Patrol  
Utah School and Institutional  
    Trust Lands Administration 
Utah State Army National Guard 
Utah Wildlife Resources 
Utah Power 
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Correction of Systematic Time-Dependent Coda Magnitude Errors in the 
Utah and Yellowstone National Park Region Earthquake Catalogs, 1981-2001 
 

James C. Pechmann, Julie C. Bernier, Susan J. Nava, and Fabia M. Terra 
 

 
Abstract 

 
We have calibrated new coda-magnitude (MC) equations for local earthquakes digitally 

recorded since 1981 in the Utah (UT) region and since 1984 in the Yellowstone National Park 

(YP) region-the two regions where the University of Utah Seismograph Stations (UUSS) 

operates regional seismic networks.  The primary motivation for this study was the recognition of 

systematic time-dependent differences between MC and local magnitude (ML), ranging up to 0.4 

and 0.9 units in the UT and YP regions, respectively.  Consistency between MC and ML estimates 

in the UUSS catalogs is essential because MLs, while preferred, are unavailable for most of the 

smaller earthquakes.   The new MC equations were calibrated against MLs determined from paper 

and synthetic Wood-Anderson records, using data from 923 UT earthquakes and 510 YP 

earthquakes.  The new equations are: 

MC = -2.25 + 2.32 log τ  + .0023Δ      in the UT region, 
 

MC = -2.60 + 2.44 log τ  + .0040Δ      in the YP region, 
 

where Δ is epicentral distance in km and τ is signal duration in sec on a short-period vertical-

component record, measured from the P-wave onset to the time that the average absolute value 

of the ground velocity (approximated from the record amplitudes and the 5 Hz instrument gain) 

drops below 0.01724 microns/sec—the median noise level for UUSS analog telemetry data.  To 

determine the constants in the MC equations, we used an orthogonal regression method rather 

than linear regression.  The latter produces biased results because the errors in the predictor 
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variables (log τ and Δ) are not negligible compared to the errors in the response variable (ML). 

The signal duration definition used in previous UUSS MC calculations was the time from 

the P-wave onset to when the signal drops below the pre-event noise level.  This definition, 

coupled with changes in noise levels and instrument gains, was largely responsible for the time 

dependence of the MC-ML differences in the old catalogs.  Our revised signal duration definition, 

in combination with the new MC equations, reduces average MC-ML differences to 0.1 magnitude 

units or less for events within the magnitude range for which the equations are calibrated:  0.5 ≤ 

ML ≤ 5.  MCs for larger events underestimate ML, a discrepancy that we attribute to the finite 

record lengths of UUSS recording systems triggers.  The new MC equations, and ML station 

corrections from a companion study, have been used to revise MC and ML magnitudes in the UT 

and YP region earthquake catalogs for 1981-2001 and 1984-2001, respectively. 

 

Introduction 
 

The University of Utah Seismograph Stations (UUSS) has produced instrumental 

earthquake catalogs for the Utah (UT) region since 1962 and the Yellowstone Park (YP) region 

since 1984 (Figure 1).  These catalogs are based on data from UUSS-operated seismic networks 

in these regions (see Arabasz et al., 1979, 1992, 2006; Husen and Smith, 2004).  The UT and YP 

regions include parts of the Intermountain Seismic Belt, a north-south-trending zone of shallow 

seismicity related to intraplate extension (Smith and Arabasz, 1991).   

For the vast majority of the earthquakes in the UUSS catalogs (e.g., Nava et al., 1990, 

1996, and references therein), the only size estimate available is a coda magnitude (MC) 

computed from signal duration measurements.  Local magnitude (ML) is also available for some 
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of the earthquakes.  The MLs are calculated from maximum horizontal-component amplitudes 

measured either on paper records from Wood-Anderson short-period seismographs or else on 

synthetic Wood-Anderson records constructed from broadband or short-period digital telemetry 

data (Griscom and Arabasz, 1979; Griscom, 1980; Pechmann et al., 2006, 2007).  Although ML 

is the preferred size measurement, it cannot be determined for most of the smaller earthquakes in 

the catalogs—especially those that occurred before broadband digital telemetry stations were 

installed in the region, beginning in 1993.  The percentage of earthquakes with MLs reached 28% 

and 13% in the UT and YP region catalogs, respectively, in 2002, but it was below 2.5% in both 

catalogs each year from 1981 until the late 1990s (Pechmann et al., 2007). 

The seismic signal durations used to calculate the MCs are measured on records from 

short-period, vertical-component, velocity sensors.  MC determinations from several stations are 

usually averaged to obtain the MC value for an earthquake.  For the 1981 through 2000 

earthquake catalogs, almost all of the MCs were originally determined from digital records using 

the following equations: 

MC = -3.13 + 2.74 log τ  + .0012Δ          in the UT region,  (1) 
 

MC = -2.25 + 2.77 log τ  + .0030Δ          in the YP region,  (2) 
 

where Δ is epicentral distance in km and τ is signal duration in sec, measured from the P-wave 

onset to the time that the signal drops down below the pre-event noise level.  Both equations are 

empirical relations calibrated against local magnitudes, and were considered to provide indirect 

estimates of ML.  The UT region equation (1) was originally developed by Griscom and Arabasz 

(1979) using τ measurements from analog-telemetry data recorded on 16 mm Develocorder film. 

 After 1981, this equation was applied to τ measurements from analog -telemetry data recorded 
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in 12-bit digital form.  The YP region equation (2) was developed by Smith et al. (1986) using τ 

measurements from the same type of data.  Equations (1) and (2) continued to be used for MC 

calculations throughout the 1980s and 1990s, due mainly to the lack of a significantly improved 

ML database for recalibrating them.  The number of UT earthquakes with Wood-Anderson ML 

determinations increased more slowly from 1979 to 1993 than previously because there were 

only two Wood-Anderson seismographs operating in Utah during this time:  at SLC and DUG 

(Figure 1).  The data from other stations operating in the area from 1979 to 1993 were not well 

suited for ML determinations because few of them had horizontal components and their dynamic 

range was only about 50 dB, due to the analog telemetry systems used.  Because of their low 

dynamic range, these stations often produced clipped records which could be used to determine 

MCs, but not MLs. 

The installation of broadband three-component digital telemetry stations in and around 

the UT and YP regions (Figure 1), beginning in 1993, made it possible to determine MLs for a 

much larger fraction of the earthquakes occurring in these regions.  In this paper, we make use of 

this expanded ML data set (Pechmann et al., 2007; Figure 2) to develop a revised MC 

methodology for the UT and YP regions for retroactive application back to 1981, the year that 

digital recording of UUSS seismic network data began.  The necessity for this study is illustrated 

in Figure 3, which shows large, systematic, and time-dependent differences between MCs 

calculated using equations (1) and (2) and MLs determined from Wood-Anderson records.  In the 

YP region, MC is higher than ML for nearly all of the earthquakes shown, with a mean difference 

of 0.88.  In the UT region, the mean differences between MC and ML are not as large but change 

sign with time.  The largest change in MC – ML in the UT region occurred sometime between 
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1990 and 1993.  From 1986 to 1989 the MCs were, on the average, 0.38 units below the MLs for 

the same earthquakes.  However from 1994 to 1997, the MCs averaged 0.35 units above the 

corresponding MLs.  This MC – ML increase of 0.73 units corresponds to a factor of 1.8 increase 

in average signal durations for earthquakes of a given ML. 

In this paper, we show that the systematic, time-dependent MC-ML differences in the 

original UUSS catalogs for 1981 -2001 were primarily due to inaccuracies in the MCs.  We traced 

90% of the MC – ML increase in the Utah region during 1990-1993 to a combination of three 

factors that caused spurious increases in the measured signal durations:  (a) 7% (0.05 units) from 

a coding error in software used for automatic τ measurements, (b) 31% (0.23 units) from a factor 

of 1.4 decrease in average noise levels, and (c) 52% (0.38 units) from a factor of 1.8 increase in 

average instrument gains.  We removed these sources of error in the MCs by making the 

following adjustments to the signal durations: (a) correcting them for the software error, (b) 

using a fixed noise level instead of the pre-event noise level to define the end of the signal, and 

(c) applying instrument gain corrections using an experimentally-verified method.  The 

remaining apparent temporal changes in MC – ML in the UT region catalog were related to a late 

1990s decrease in the average size of earthquakes with ML estimates, coupled with inaccuracies 

in the Griscom and Arabasz (1979) MC equation (equation 1) below ML ~2.5.  The large, 

systematic MC overestimation in the YP catalog was due to inaccuracy of the Smith et al. (1986) 

MC equation (equation 2) for all magnitudes.  We solved the remaining problems with the MCs 

by recalibrating the UT and YP MC equations using an orthogonal regression method.  The new 

MC equations, in combination with the modifications to the duration measurements, reduce 

average MC-ML differences to 0.1 magnitude units or less.       
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Data 
 

The data for this study consist of (a) 9084 duration measurements from 926 UT region 

earthquakes of ML 0.5 to 5.93 which occurred between 1983 and 2001 and (b) 4135 duration 

measurements from 510 YP region earthquakes of ML 0.64 to 4.21 which occurred between 1995 

and 2001 (Figure 2).  The data for the three UT region earthquakes of ML > 5.0 were not used in 

calibrating the new MC equations for reasons explained in the Results section.  The duration 

measurements are all from digital records of analog telemetry, short-period, vertical-component 

velocity data.  The signal durations for the relatively small number of earthquakes during 1983-

1993 or of ML ≥ 3.5 were all repicked by a single analyst using the automatic method described 

in the next section.  We discarded all duration measurements from stations located on soil and 

stations equipped with UUSS “VLF” pre-amplifier/ voltage-controlled oscillators (pre-amp/ 

VCOs), which have lowpass filters with a corner frequency of 2.5 Hz compared to the normal 

values of 10 Hz or higher.  We also discarded some duration measurements that were affected by 

instrument problems or interference from other seismic events.  Finally, we screened the duration 

measurements for outliers, following a procedure outlined in the subsection on gain corrections.   

The earthquakes in our data set all have ML determinations which are average values 

from two or more stations, computed using station corrections from Pechmann et al. (2007).  The 

MCs are computed with the earthquake location program HYPOINVERSE (Klein, 1978).  We 

modified our version of this program to compute negative magnitudes and include them in 

determining the average MCs for events instead of discarding them.  We also changed the default 

magnitude from 0.00 to –9.99.  
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Automatic Signal Duration Measurements 
 

Most of the τ measurements since mid-1987 have been made with the aid of UUSS-

developed software that automatically determines signal duration from a user-selected portion of 

the coda.  This code determines the average absolute value of the de-meaned digital seismogram 

in overlapping 2-sec time windows spaced 1 sec apart.  Following Herrmann (1975) and Johnson 

(1979, pp. 50-60), these rectified averages, A(t), are then fit with a function of the form: 

     A(t) = A0 (t – tP)-α    (3) 
 
where t is time, tP is the P-wave arrival time, and A0 and α are constants (Figure 4).  This model 

is a simplified version of the coda decay model of Aki and Chouet (1975).  A more realistic 

model would have an additional factor of )( Ptte −−β on the right-hand side, where β is a constant, to 

explicitly account for anelastic attenuation.  However, in most cases the additional constant β 

cannot be resolved—at least not when using analog telemetry data, because its relatively low 

dynamic range limits the lengths of the coda records that can be analyzed (Johnson, 1979, p. 60). 

The constants A0 and α are found by determining the best-fitting linear function of the 

form 

   log A(t) = log A0 – α log (t – tP)   (4) 

where the best fit is defined as the fit that minimizes the L1-norm—the average absolute value of 

the differences between the observed and predicted log A(t) values (Figure 5).  If the data 

window includes two consecutive A(t) values less than twice the pre-event noise level, the 

program excludes all of the following A(t) values from the fitting process.  The pre-event noise 

level is calculated by taking the average absolute value of the de-meaned trace during the 10 sec 

immediately preceding the P-wave arrival.  The median α for UUSS data is ~1.8—the same as 
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the median value for Southern California bedrock stations found by Johnson (1979, p. 92). 

The signal duration, τ, is defined as the time difference between the P-wave onset and the 

time that the analytical function A(t) intersects the noise level, N (Figures 4 and 5).  τ is 

computed by setting τ = t – tP and A(t) = N in (3) and then solving for τ: 

   τ = ( A0 / N )1/α    (5) 

In the original version of the code τ was defined as the pre-event noise level, calculated as 

described above, for compatibility with the τ measurements used in calibrating (1) and (2). 

 

Adjustments to Signal Duration Measurements 
 

Equation (5) provides some quantitative insight into the apparent factor of 1.8 increase in 

average signal duration for earthquakes of a given ML that occurred in the UT region during 

1990-1993.  Based on equation (5), and the median α value of 1.8, this signal duration increase 

could have been caused by a factor of three decrease in the average noise level, a factor of three 

increase in the average station gain, or a combination of both.  There is reason to believe that 

systematic decreases in noise level and/or increases in gain could have occurred in the UT-region 

network during the early 1990s.  From 1989 to 1993, most of the pre-amp/VCOs in the network 

with 30-Hz lowpass filters were replaced by pre-amp/VCOs with 10-Hz lowpass filters in order 

to reduce the potential for aliasing the 100 sps digital records.  This bandwidth reduction 

generally lowered the background noise levels, which often prompted increases in gain settings.  

Similar pre-amp/VCO changes were made in the YP region network during 1993-1995, but were 

largely completed before the date of the first earthquake in our YP data set:  August 28, 1995. 

In this section, we discuss one correction and two other modifications that we made to the 
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duration measurements to try to improve the agreement between MC and ML.  The latter two 

modifications compensate for the effects of temporal and station-to-station variations in noise 

levels and instrument gains.  To quantify the effect of each of these changes on the MC-ML 

differences, we use the difference between the average MC – ML values for the UT region for the 

time periods 1994-1997 and 1986-1989 (Figure 3).  The combined effect of all three duration 

adjustments reduces the value of this indicator from 0.73 to 0.07, which we consider negligible. 

 
 

Correction of Software Bug 
 

While searching for the source of the temporal changes in MC – ML, we discovered an 

error in the UUSS software used for automatic signal duration measurements.  As a result of this 

error, the reported τ values were all too large by an amount equal to tB – tP, where tB is the 

starting time for the coda window used to fit the coda decay model (3) to the data.  The effect of 

this error on average MCs for most earthquakes was not very large, because in most cases tB – tP 

<< τ. 

Fortunately, it was possible to correct all of the automatic signal duration measurements 

for the bug because all of the necessary information was stored in the phase files.  Correction of 

this bug had a relatively minor effect on the average MC – ML change in the UT region during 

1990-1993, reducing it from 0.73 to 0.68. 

 

Measurement of Durations to a Fixed Noise Threshold 
 

As noted previously, the definition of the end of the signal used for UUSS duration 

measurements prior to 2002 was the time at which the signal decreased to the pre-event noise 
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level.  Part of the rationale for this definition is that it was thought to partially compensate for the 

effects of variations in instrument gain and site amplification on the duration measurements, 

because these factors tend to affect the amplitudes of both earthquake signals and background 

noise in a similar manner (Real and Teng, 1973; Aki, 1980).  However, this rationale is not 

applicable to duration measurements made on records from UUSS analog telemetry stations 

because the noise on these records is predominantly electronic noise, not ground noise.  Another 

problem with using the pre-event noise level to define the end of the signal is that anomalously 

short signal durations are obtained from records on which seismic waves from another event 

immediately precede the P-wave, as is fairly common during intense swarms and aftershock 

sequences. 

Based on these considerations, we decided to redefine the end of the signal as the time 

that A(t), the model for the absolute value of the signal, decreases to a typical noise level of N = 

5 digital counts.  We then used this fixed value of N, and equation (5), to recompute all of the 

automatically determined signal durations in our data set.  This modification had a significant 

effect on the average MC – ML change in the UT region during 1990-1993, reducing it from the 

bug-corrected value of 0.68 to 0.45. 

 

Gain Corrections 
 

It was recognized long before this study that UUSS signal duration measurements are, to 

some extent, a function of instrument gain.  This problem was partially mitigated in routine data 

analysis by simply not measuring signal durations at stations where they tend to be unusually 

long or short—generally stations with exceptionally high or low gains, respectively.  However, 
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the previously discussed evidence for systematic, time-dependent MC errors motivated the 

development of a more rigorous method to account for the effects of instrument gains on signal 

durations.  In this section we derive an equation for correcting duration measurements for gain, 

present some experimental results that validate this equation, and show how the gain corrections 

further reduce the discrepancies between MCs and MLs. 

Consider recordings from the same seismic instrumentation operated at two different 

gains, G and a “standard” gain GS.  Suppose that the coda data recorded at gain G are fit by the 

analytical function given in equation (3).  Then, neglecting any noise-related waveform 

differences, a function of the same form fit to the coda data recorded at gain GS, AS (t), should 

have the same decay factor, α, but a different amplitude factor, A0S = A0 GS /G: 

     AS (t) = (A0 GS /G) (t – tP)-α .   (6) 
 
The signal duration on the standard gain record, τS , is obtained by setting τS  = (t – tP) and AS (t) = 

N = a constant in (6) and solving for τS:  

                     τS = (A0 GS /GN )1/α    (7) 

Note that (7) can also be obtained by replacing N in the original duration equation (5) with the 

gain-adjusted noise level (G/GS)N.  Substituting from (5) into (7) and setting N = 5 counts gives 

the following expression for gain correction of duration measurements:  

                     τS = (GS /G)1/α τ5 ,    (8) 

where τ5 is the observed signal duration measured to the 5-count threshold.  We decided to use 5-

Hz gains in this equation because this frequency is near the dominant coda wave frequencies on 

records from UUSS short-period analog-telemetry stations.  However, similar results are 

obtained using 1-Hz gains.  In cases where the signal duration was picked manually, the gain 



 
 C-12 

correction is approximated by using the median value for α, 1.8, and the original duration τ. 

To test equation (8), and to investigate the effects of station electronics on signal 

durations, we conducted an experiment at the UT station NLU during 1999.  In this experiment, 

we recorded 27 analog telemetry signals (up to 14 at any one time) from the same short-period (1 

sec), vertical-component, Geotech S-13 seismometer using different electronics and/or gains.  

The electronics consisted of various combinations of six different pre-amp/VCOs and three 

different discriminators used in the UUSS network during the preceding 20 years.  The relative 

gains at 1 and 5 Hz, determined by in-site sine wave calibrations, spanned a factor of eight.  A 

single analyst used the automatic duration measurement software to determine 136 durations 

from 12 different earthquakes on the various NLU channels.  All of these durations were 

computed to a noise level of 5 counts using coda decay windows at least 7 sec long. 

From (8), the model prediction for the NLUZ experiment can be written as: 

            α log (τ5 / τZ ) = log (G/GZ )   (9)  

where τZ and GZ are the durations and 5-Hz gains, respectively, on the vertical-component 

channel NLUZ used as the standard in this experiment.  Figure 6 shows means and standard 

deviations of αlog (τ5 / τZ) for each of the 26 test channels in the NLU data set, plotted versus log 

(G/GZ ).  The stars and squares distinguish data from pre-amp/VCOs having lowpass corner 

frequencies of 30 Hz versus 10 or 12.5 Hz, respectively.  The straight line on the plot represents 

perfect agreement between model and data.  The data points cluster around this line, with some 

scatter, indicating that the gain correction method works reasonably well.  The scatter appears to 

be due primarily to (a) variations in window lengths and positions used in fitting the coda decay 

model (3) to the data, and (b) noise variations between channels.  The user-selected data 
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windows vary among the NLU channels due to differences in clip levels and signal-to-noise 

ratios.  The corner frequencies of the lowpass filters have no obvious effect on the signal 

durations (Figure 6). 

Correction of signal duration measurements for gain using (7) or (8) requires the 

selection of a standard gain, GS .  We chose GS to minimize the average MC-ML difference for the 

UT region for 1983-1997, using MCs calculated with (1).  The value obtained, 290 

counts/(micron/sec), is essentially the same as the median 5-Hz gain for short-period analog-

telemetry stations in the UUSS network as of August 1, 2000.  These gains spanned more than 

three orders of magnitude—two orders of magnitude if the gains from two stations with VLF 

pre-amp/VCOs are excluded.  Application of gain corrections using GS = 290 

counts/(micron/sec) reduced the average MC – ML change in the UT region during 1990-1993 

from 0.45, the value after correcting for the software bug and using a 5-count noise level, to 0.07. 

The gain correction factor for the signal durations is sensitive to the coda decay 

parameter, α, because of the 1/α exponent in equation (7) and (8).  This sensitivity, combined 

with uncertainties in α, limitations of the coda decay model (3), and large differences between 

the actual and standard gains, can sometime lead to erroneous coda magnitudes.  Because of this 

problem, we removed all signal durations from our data set that, after all of the corrections, 

produced MC values from (1) or (2) (depending on the region) that differed from the mean for the 

earthquake by more than 1.0.  This process was done iteratively, one value at a time, beginning 

with the largest outlier and recomputing the mean MC after every removal.  The threshold of 1.0 

magnitude units is 2.5 times the typical standard deviation of MCs obtained from different 

stations for the same event using corrected signal durations, corresponding to 98.8% confidence 
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limits for a normal distribution.           

 

Results of Signal Duration Adjustments 
 

Figure 7 shows MC – ML versus time for the UT (left) and YP (right) regions after 

applying all three of the signal duration adjustments described in the preceding subsections.  In 

the UT region, these adjustments removed almost all of the temporal variations in MC – ML from 

1983-1997, reducing absolute values of the 4-year mean MC-ML differences during this time 

period to 0.04 or less.  However, the average corrected MC – ML for 1998-2001 is –0.21.  Figure 

8 shows the same data as Figure 7 in the form of MC versus ML plots.  This figure shows that UT 

region MCs computed with the corrected signal durations and the Griscom and Arabasz (1979) 

MC equation are consistent with ML for events of ML > ~2.5 but systematically underestimate ML 

for smaller events.  Based on this observation, it appears that the remaining temporal changes in 

MC – ML in the UT region are primarily due to a late 1990s decrease in the minimum size of 

earthquakes with ML determinations, combined with the inadequacy of the Griscom and Arabasz 

(1979) MC equation for ML < 2.5 events. 

For the YP region, the signal duration adjustments did not improve the agreement 

between MC and ML (Figures 3, 7 and 8).  In fact, the mean difference between MLs and MCs 

computed with the Smith et al. (1986) equation was the same after the duration corrections as 

before:  0.88.  The instrumentation for the analog-telemetry stations in the YP network was 

relatively stable for the time period of this data set, 1995 through 2001.  We conclude that the 

errors in the YP MC determinations are largely attributable to inaccuracy of the Smith et al. 

(1986) MC equation.  In any case, Figure 8 shows that there is a clear need to recalibrate the MC 
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equations for both the UT and YP regions. 

 

A New Signal Duration Definition 

The net effect of the adjustments to the signal duration measurements described in the 

last   section is a redefinition of the end of the signal in terms of an absolute value of ground 

velocity.  To show this equivalence, we set N = 5 counts in (7) and rewrite it as 
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S G

GA .   (10) 

Note that (10) can be obtained from the original duration equation (5) by (a) dividing A0 by G to 

convert it to velocity units and (b) replacing the pre-event noise level, N, with our fixed noise 

level, also in velocity units:  5/GS = 5 counts/290 counts/(micron/sec) = 0.01724 microns/sec.  

Therefore, we have effectively redefined the signal duration as the time from the P-wave onset to 

the time that the average absolute value of the ground velocity, approximated from the record 

amplitudes and the 5-Hz instrument gain, decreases to 0.01724 microns/sec.  The threshold of 

0.01724 microns/sec is the approximate median noise level for UUSS short-period analog 

telemetry stations.  This conclusion follows from the fact that both the 5-count noise level and 

the 290 counts/(micron/sec) gain are close to the median values for these stations.  In the 

remainder of this paper, we use signal durations computed using our revised definition, τS, but 

drop the “s” subscript from τ and related variables for simplicity. 

  Implementation of our revised signal duration definition in UUSS routine data 

processing is done using a two-step procedure similar to that described in the preceding section.  

The signal durations are initially determined using an end-of-signal definition of 5 counts, 
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usually with the aid of the automated procedure described above.  These initial signal durations 

are subsequently corrected for gain using equation (7) for automatic measurements and (8) for 

manual measurements.  The gain correction is done within a program that converts the phase 

data from the format used by the picking program to that used by the location program, 

HYPOINVERSE. 

The implementation of the revised signal duration definition is different for the fully 

automatic coda magnitude determinations computed by the UUSS Earthworm system (see 

http://folkworm.ceri.memphis.edu/ew-doc/).  For these MC determinations, we use a station-

specific end-of-signal threshold given by 5G/GS.  This threshold is essentially equivalent to that 

used in the interactive data processing (see equation (10)), but the Earthworm code uses a 

slightly different method to find the signal durations. 

 

Methodology for Calibration of MC Equations 

Functional Form 

Herrmann (1975) pointed out that if log A0 is related to magnitude, M, by 

   log (A0 /G) = M + log f (Δ) ,    (11) 

then from (5) and (11): 

       M = log (N /G) + α log τ – log f (Δ) .   (12) 

If -log f (Δ) = d Δ, where d is a constant, and log (N /G) and α are both roughly constant for 

different events and stations, then (12) matches the form of the common linear empirical relation 

between MC, log τ, and Δ: 

         MC = a + b log τ + d Δ     (13) 
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where a, b, and d are all empirically determined constants.  Given the relatively weak 

dependence of duration on Δ, and the amount of scatter in the data, we found, like others, that a 

linear function was adequate to account for the distance dependence in this relation.  Use of more 

elaborate models for the coda decay and f (Δ) produces nonlinear equations for MC as a function 

of log τ and Δ.  There is some observational support for this nonlinearity (e.g., Real and Teng, 

1973; Herrmann, 1975).  However, as demonstrated below, the linear model (13) provides an 

adequate fit to our data. 

 

Linear Regression Method 

The MC equation (13) can be calibrated by solving the following system of equations for 

the constants a, b, and d: 

ijijCijLi dbaMM Δ++≡= τlog    (14) 
 

where MLi is the mean ML for earthquake i, MCij is the MC for earthquake i from station j, τij is 

the signal duration for earthquake i measured at measured at station j, and Δij is the epicentral 

distance of station j from earthquake i.  (14) is a set of ∑
=

N

i
iN

1
linear equations, where N is the 

number of earthquakes and Ni is the number of τij measurements for earthquake i.  We initially 

tried solving this system of equations using multiple linear regression.  However, this method did 

not produce satisfactory MC equations, because the mean MCs for earthquakes calculated with 

these equations turned out to be biased estimates of ML.  More specifically, the calculated MCs 

tended to overestimate ML for the smaller earthquakes in the data set and underestimate ML for 

the larger ones.  Following Real and Teng (1973) and Griscom and Arabasz (1979), we tried 
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regressing event averages for log τ and Δ instead of the values from individual stations.  This 

approach reduced the severity of the problem but did not eliminate it.  We were able to obtain 

acceptable results using event averages by applying weighting factors to compensate for the 

highly nonuniform magnitude distribution of the data set.  However, we found a more direct 

solution to the problem. 

 

Orthogonal Regression Method 

 The biased results that we obtained with linear regression were most likely due to the 

fact that the uncertainties in the values of the predictor variables in (14), log τij and Δij, are not 

negligible compared to the uncertainties in the values of the response variable, MLi.  As 

discussed by Draper and Smith (1981, pp. 122-125), errors in the predictor variables cause bias 

in linear regression fits.  The “uncertainties” in MLi and log τij are combinations of both 

measurement error and unmodeled natural variability.  The uncertainties in the Δij values are due 

to measurement errors alone. 

According to Cheng and Van Ness (1999, p. 9), the maximum likelihood solution of 

problems like (14) is given by orthogonal regression if the data are first scaled to equalize the 

standard deviations of the scaled measurement errors.  Therefore, we chose to solve (14) using an 

orthogonal regression method.  To scale (14) appropriately for the application of this method, let 

LMσ be the standard deviation of the mean ML for a given earthquake, σ log τ be the standard 

deviation of log τ for a given earthquake and distance, and σΔ be the standard deviation of the 

epicentral distance for a given earthquake and recording station.  From our data set, we estimated 

that 
LMσ ≈ 0.10 in the UT region and 0.17 in the YP region, σ log τ ≈ 0.13 in the UT region and 
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0.15 in the YP region, and σΔ ≈ 0.7 km in the UT region and 0.4 km in the YP region.  Using the 

preceding standard deviation definitions, the scaled version of (14) can be written as 

     0
3

0
2

0
1 ijiji DXBXAX ++=  ,    (15) 

where 

aA =       (16) 
 

( )
LMbB σσ τlog=  
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In orthogonal regression, the sum of the squares of the orthogonal (minimum) distance 

from the data points to the model surface 

321 DXBXAX ++=     (18) 

is minimized.  Specifically, let  

( )0
3

0
2

0
1
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    (19) 

be a data point determined for earthquake i at station j and let 

( )321 ,, XXXX =
v

    (20) 

be a point on the model surface.  The quantity to be minimized in the orthogonal regression is 

∑∑
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.    (21) 



 
 C-20 

When  
20 XX ij

vv
−  is a minimum, then XX ij

vv
−0  will equal the orthogonal distance from 0

ijX
v

 to 

the model surface and X
v

will be the closest point on the model surface to 0
ijX
v

.  An explicit 

equation for min
20 XX ij

vv
− can be obtained by applying the coordinate transformation X ′

v
= X

v
–

0
ijX
v

 and setting the partial derivatives of XX ij

vv
−0  with respect to 1X ′ , 2X ′ , and 3X ′  equal to zero. 

 Substituting the result into (21), the quantity to be minimized in the orthogonal regression 

becomes 
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1 1   (22) 

Note that the numerator of (22) is the quantity that is minimized to find the ordinary least squares 

solution of (15).   

The orthogonal regression solution to (15) is the set of constants A, B, and D that gives 

the smallest value for (22).  We found this solution using the “solver” function in Microsoft 

EXCEL.  Solver uses an iterative, numerical method (generalized reduced gradient) to minimize 

a function of one or more variables.  Solver requires an initial solution to the problem, which we 

obtained by unweighted ordinary least squares.  In determining the orthogonal regression 

solution, we applied magnitude-based weighting factors to (22) in order to mitigate the effects of 

the uneven magnitude distribution of the data (Figure 8).  The weighting factors that we used are 

equal to 1/NM, where NM is the number of earthquakes within a 0.1-unit wide magnitude bin (0.55 

± 0.05, 0.65 ± 0.05, ...5.95 ± 0.05) containing the earthquake.  Note that the sum of the weights 

for the earthquakes in each magnitude bin is the same.  After finding the orthogonal regression 

solution to the scaled set of equations (15), the solution to the original set of equations (14) is 
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obtained by unscaling the constants using (16). 

 

Results 
 

Application of the orthogonal regression method using data from 923 UT region 

earthquakes of ML 0.5 to 4.7 and 510 YP region earthquakes of ML 0.6 to 4.2 yielded the 

following equations: 

MC = -2.25 + 2.32 log τ  + .0023Δ          in the UT region,  (23) 
 

MC = -2.60 + 2.44 log τ  + .0040Δ          in the YP region,  (24) 
 

where Δ is epicentral distance in km and τ is signal duration in sec, measured from the P-wave 

onset to the time that the average absolute value of the ground velocity (approximated from the 

record amplitudes and the 5 Hz instrument gain) drops below 0.01724 microns/sec.  In 

determining these equations, we chose to exclude the data from the three UT region earthquakes 

of ML  > 5 because the data from these events did not fit the linear trend of the rest of the data set 

(Figure 9a) on a plot of distance-adjusted ML versus log τ (Figure 9a).  Although this observation 

could be taken as evidence for a nonlinear relation between ML and log τ, we believe that it is an 

artifact of the finite record lengths for UUSS recording system triggers.  For the three ML  > 5 

events, the record lengths range from 322 to 368 sec.  The signal durations predicted by equation 

(23) for ML  > 5 events are much longer, > 1333 sec for Δ = 0, and could be difficult to determine 

accurately from these records.  The linear distance correction appears to be adequate for our data 

set (Figure 9b). 

   The new MC equations, in combination with our new signal duration definition, reduce 

systematic MC-MC differences to negligible levels for both the UT and YP regions (Figure 10).  
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For both regions, the 4-year mean MC-MC differences for MC < 5 events are 0.11 magnitude units 

or less.  The coda magnitudes provided by equations (23) and (24) are in good agreement with 

local magnitudes over the range of applicability of these equations, which we consider to be 0.5 

≤ ML ≤ 5.0 (Figure 11). 

Although the coefficients in the UT and YP MC equations appear to be significantly 

different, the UT equation works almost as well for the YP data as the YP equation (Figure 12).  

The main difference is for earthquakes of ML  < 1.2, for which the MCs from the UT equation 

average 0.19 units higher than the MLs—compared to 0.06 units higher for the MCs from the YP 

equation.  Nevertheless, the UT region MC equation is reasonably good for use in the YP region. 

 

Revision of MCs in the UUSS Earthquake Catalogs, 1981-2001 
 

We recomputed all of the MCs in the 1981-2001 UUSS earthquake catalogs for the UT 

and YP regions using the methodology developed in this study.  For this purpose, the outlier 

removal process outlined in the Gain Corrections section was carried out using the new MC 

equations (23) and (24) instead of the old equations (1) and (2). As this method of identifying 

outliers does not work for earthquakes with less than three duration measurements, UUSS staff 

measured additional signal durations for 4,238 earthquakes having less than three duration 

measurements from stations with known gains.  They tried unsuccessfully to measure additional 

signal durations for nearly 1,500 other earthquakes. 

With the assistance of Relu Burlacu and Paul Roberson, we carried out some quality 

control checks on the revised MCs, including those for earthquakes outside the UT and YP 

regions.  One of the primary checks was to compare the revised MCs to the magnitudes (MC or 
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ML) in the old UUSS catalogs.  Based on the distribution of these magnitude differences, all 861 

of the new MCs (1.7%) that differed from the old magnitudes by 1.0 units or more were checked 

and revised, as necessary.  Because there were large systematic errors in the old Yellowstone 

MCs, we checked the revised Yellowstone MCs against a catalog containing MLs plus MCs 

calculated using the old Utah MC equation (3). 

The revised UUSS earthquake catalogs include revised MLs from Pechmann et al. (2007) 

as well as the new coda magnitudes from this study (see Pechmann et al., 2006).  The catalog 

revisions significantly improve the homogeneity of the magnitudes, allowing more accurate 

recurrence rate estimates and other statistical analyses. 

 

Conclusions 
   

1. The MCs in the previous 1981-2001 Utah region earthquake catalog had systematic, 

time-dependent errors of up to 0.4 units, based on comparisons with MLs.  These errors were 

caused by the effects of varying instrument gains and background noise levels on the signal 

duration measurements used to compute the MCs, combined with inaccuracies in the previously-

used Utah region MC-duration relation below ML~2.5. 

2. The MCs in the previous 1984-2001 Yellowstone National Park region earthquake 

catalog were systematically too high by an average of 0.9 units, based on comparisons with MLs. 

 This error was primarily due to bias in the previously used MC-duration relation for the YP 

region. 

3. We solved the problems with the MC determinations for both the Utah and 

Yellowstone regions by redefining the signal duration in terms of absolute ground motion levels 

and calibrating new coda magnitude equations against local magnitudes. 
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4. It is essential to take instrument gain differences into account when calculating 

magnitudes from signal durations—at least if the durations are measured from UUSS analog 

telemetry data. 

5. For calibrating coda magnitude equations, we recommend the use of orthogonal 

regression instead of multiple linear regression because the latter tends to produce biased results. 

6. Our new coda magnitude equations for the Utah and Yellowstone regions, (23) and 

(24), in combination with our revised signal duration definition, provide consistent and reliable 

earthquake size measurements that are comparable to local magnitudes. 

 

Data Sources 
 

The digital waveform data used in this study are available from the Incorporated 

Research Institutions for Seismology Data Management Center at www.iris.edu (last accessed 

December 15, 2006).  The parametric used in this study are stored in the UUSS digital archives. 

 

Acknowledgments 
 

We thank the following for assistance with compiling and processing data, determining 

instrument responses, writing computer programs, preparing figures, carrying out field work, 

and/or providing helpful advice for this project:  N. C. Arseneau, W. J. Arabasz, A. M. Becker, 

E. D. Brown, R. Burlacu, D. L. Drobeck, J. T. Fotheringham, M. Hale, J. Hoffman, E. 

McPherson, S. Mehanee, A. Moeinvaziri, L. B. Nelms, K. L. Pankow, M. E. Perkins, C. M. 

Puskas, P. Roberson, G. Steiner, and J. K. Whipp.  We also thank the many other people who 

contributed to the 19-year database used in this study.  Figures 1 and 2 were generated using the 

Generic Mapping Tools (Wessel and Smith, 1998).  Figures 4 and 5 were partially generated 



 
 C-25 

using the Seismic Analysis Code (Goldstein et al., 2003).  This project was supported by the 

USGS, Department of the Interior, under USGS award numbers 98HQAG01939, 01HQAG0014, 

and 04HQAG0014, and by the State of Utah under a line-item appropriation to the University of 

Utah Seismograph Stations. 

 



 
 C-26 

References 
 

Aki, K. (1980).  Physical basis for the duration magnitude and recommended practice for coda 

magnitude determination, in Proc. of the 17th Assembly of the ECS, Budapest, 1980, 73-

77. 

Ali, K., and B. Chouet (1975).  Origin of coda waves:  Source, attenuation, and scattering 

effects, J. Geophys. Res. 80, 3322-3342. 

Arabasz, W. J., R. B. Smith, and W. D. Richins, Editors (1979).  Earthquake Studies in Utah, 

1850 to 1978, Special Publication, University of Utah Seismograph Stations, Salt Lake 

City, Utah, 552 pp. 

Arabasz, W. J., R. B. Smith, and W. D. Richins (1980).  Earthquake studies along the Wasatch 

Front, Utah:  Network monitoring, seismicity, and seismic hazards, Bull. Seism. Soc. Am. 

70, 1479-1499. 

Arabasz, W.J., J.C. Pechmann, and E.D. Brown (1992).  Observational seismology and the 

evaluation of earthquake hazards and risk in the Wasatch front area, Utah, in Assessment 

of Regional Earthquake Hazards and Risk Along the Wasatch Front, Utah, P.L. Gori and 

W.W. Hays (Editors), U.S. Geol. Surv. Profess. Paper 1500-A-J, D1-D36. 

Arabasz, W. J., R. B. Smith, J. C. Pechmann, K. L. Pankow, and R. Burlacu (2006).  Integrated 

regional and urban seismic monitoring—Wasatch Front area, Utah, and adjacent 

Intermountain Seismic Belt, year two:  February 1, 2005–January 31, 2006, Annual Tech. 

Rept., U. S. Geol. Surv. Cooperative Agreement No. 04HQAG0014, 111 pp.  

Cheng, C., and J.W. Van Ness (1999).  Statistical Regression with Measurement Error, Oxford 

University Press, New York, New York, 262 pp. 

Draper, N.R., and H. Smith (1981).  Applied Regression Analysis (Second Edition), John Wiley 



 
 C-27 

and Sons, New York, New York, 709 pp. 

Goldstein, P., D. Dodge, and M. Firpo (2003).  SAC2000: Signal processing and analysis tools 

for seismologists and engineers, in International Handbook of Earthquake and 

Engineering Seismology, Part B, W. H. K. Lee, H. Kanamori, P. C. Jennings, and C. 

Kisslinger (Editors), 1613-1614. 

Griscom, M. (1980).  Space-time seismicity patterns in the Utah region and an evaluation of 

local magnitude as the basis of a uniform earthquake catalog, M. S. Thesis, University of 

Utah, Salt Lake City, Utah, 134 pp.  

Griscom, M., and W. J. Arabasz (1979).  Local magnitude (ML) in the Wasatch Front and Utah 

region: Wood-Anderson calibration, coda-duration estimates of ML , and ML versus Mb , 

in Earthquake Studies in Utah, 1850 to 1978, W. J. Arabasz, R. B. Smith, and W. D. 

Richins (Editors), Special Publication, University of Utah Seismograph Stations, Salt 

Lake City, Utah, 433-443. 

Herrmann, R. B. (1975).  The use of duration as a measure of seismic moment and magnitude, 

Bull. Seism. Soc. Am. 65, 899-913. 

Husen, S., and R. B. Smith (2004).  Probabilistic earthquake relocation in three-dimensional 

velocity models for the Yellowstone National Park region, Wyoming, Bull. Seism. Soc. 

Am. 94, 880-896. 

Johnson, C. E. (1979).  I, CEDAR—An approach to the computer automation of short-period 

seismic networks, II, Seismotectonics of the Imperial Valley of Southern California, 

Ph.D. Thesis, California Institute of Technology, Pasadena, California, 332 pp. 

Klein, F.W. (1978).  Hypocenter location program HYPOINVERSE, U.S. Geol. Surv. Open-File 

Rept. 78-694, 113 pp. 



 
 C-28 

Nava, S. J., J. C. Pechmann, W. J. Arabasz, E. D. Brown, L. L. Hall, P. J. Oehmich, E. 

McPherson, and J. K. Whipp (1990).  Earthquake Catalog for the Utah Region, January 

1, 1986 to December 31, 1988, Special Publication, University of Utah Seismograph 

Stations, Salt Lake City, Utah, 96 pp. 

Nava, S. J., R. B. Smith, L. L. Hall, J. K. Whipp, E. McPherson, and R. A. Hutchinson (1996).  

Earthquake Catalog for the Yellowstone National Park Region: January 1, 1992 to 

December 31, 1994, Special Publication, University of Utah Seismograph Stations, Salt 

Lake City, Utah, 62 pp. 

Pechmann, J. C., S. J. Nava, J. C. Bernier, F. M. Terra, and R. Burlacu (2006).  Summary of 

UUSS magnitude determinations:  1981-2006, in Integrated regional and urban seismic 

monitoring—Wasatch Front area, Utah, and adjacent Intermountain Seismic Belt, Final 

Tech. Rept., U. S. Geol. Surv. Cooperative Agreement No. 04HQAG0014. 

Pechmann, J. C., S .J. Nava, F. M. Terra, and J. C. Bernier (2007).  Local magnitude 

determinations for Intermountain Seismic Belt earthquakes from broadband digital data, 

Bull. Seism. Soc. Am., in press. 

Real, C. R., and T. L. Teng (1973).  Local Richter magnitude and total signal duration in 

southern California, Bull. Seism. Soc. Am. 63, 1809-1827. 

Smith, R. B., and W. J. Arabasz (1991).  Seismicity of the Intermountain Seismic Belt, in 

Neotectonics of North America, D.B. Slemmons, E.R. Engdahl, M.D. Zoback, and D.D. 

Blackwell (Editors), Geol. Soc. Am. Decade Map Vol. 1, 185-228. 

Smith, R. B., W. C. Nagy, E. McPherson, I. T. Bjarnason, E. D. Brown, L. L. Sells, and R. A. 

Hutchinson (1986).  Earthquake Data for the Yellowstone National Park region, January 

1, 1985 to December 31, 1985, Special Publication, University of Utah Seismograph 



 
 C-29 

Stations, Salt Lake City, Utah, 68 pp. 

Wessel, P., and W. H. F. Smith (1998).  New, improved version of the Generic Mapping Tools 

released, EOS, Trans. AGU 79, 579. 

 

Author Affiliation 

University of Utah Seismograph Stations 

University of Utah 

Department of Geology and Geophysics 

135 South 1460 East Room 705 WBB 

Salt Lake City, UT 84112-0111 



 
 C-30 

 Figure Captions 
 

Figure 1.  Locations of seismograph stations used to determine the MLs for this study (labeled) 

and other high-gain seismograph stations recorded by UUSS in December 2001.  Italic and 

regular station labels distinguish, respectively, USNSN and UUSS broadband stations.  The MCs 

were determined using data from UUSS short-period analog-telemetry stations (upright 

triangles). 

      

Figure 2.  Epicenter map of 926 UT-region earthquakes (1983-2001) and 510 YP-region 

earthquakes (1995-2001) used in this study.  All of these earthquakes have MLs determined using 

maximum amplitudes on Wood-Anderson records from two or more stations.  Epicenters are 

indicated by circles (ML ≤ 5.0) and stars (ML > 5.0) scaled continuously by ML. 

 

Figure 3.  Plots of the difference between UUSS MC and ML for UT region earthquakes from 

1983-2001 (left) and YP-region earthquakes from 1995-2001 (right).  The MCs were calculated 

with the old MC equations (1) and (2), which were in use during most of the time period shown.  

The shaded bars mark average MC – ML values (shaded numbers) for the time period spanned by 

the lines, calculated for ML ≤ 5.0 events only.  Note that in the UT region, the average MC – ML 

value increases from –0.38 to +0.35 sometime between 1990 and 1993, and subsequently 

decreases.  In the YP region, MC is consistently higher than ML with a mean difference of 0.88 

for all data shown. 

 

 

Figure 4.  An example of a short-period, vertical-component seismogram with the coda decay 
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model for the trace (equation (3)) superimposed as heavy black lines.  The end of the signal was 

defined as the time that this model intersects the pre-event noise level (dotted lines), calculated 

by taking the average absolute value of the trace during the 10 sec before the P-wave arrival.  τ is 

the signal duration.  The recording is from station MLI for an ML 3.8 earthquake in Utah on June 

28, 1990. 

 

Figure 5.  Plot of log A(t) versus log (t – tP) for part of the seismogram in Figure 4.  The A(t) 

values are 2-sec rectified averages of the data and (t – tP) is time relative to the P-wave arrival 

time.  Also shown is the line fit to these data (using the L1-norm) to determine the constants in 

the coda decay model (equation (3)).  The intersection between this line and the log of the pre-

event noise level (dotted line) was defined as the end of the signal. 

 

Figure 6.  Results from an experiment at UUSS station NLU to investigate the effects of different 

station electronics and gains on signal durations.  The data cluster around the line of perfect 

agreement predicted by equation (9), validating the use of this equation to correct signal duration 

measurements for gain.  In contrast to the gain, the VCO type appears to have little effect on the 

durations. 

 

Figure 7.  Plots of the difference between MC and ML for UT region (left) and YP-region (right) 

earthquakes with MCs calculated from equations (1) and (2), respectively, after correcting the 

signal durations for a fixed noise level, instrument gain, and a minor software bug.  Comparison 

with Figure 3 shows that in the UT region, most of the differences between MC and ML have 

been removed except during 1998-2001.  In the YP region, MC remains consistently higher than 
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ML with a mean difference of 0.88.   

 

Figure 8.  Plots of MC versus ML for UT-region (left) and YP-region (right) earthquakes with 

MCs calculated from equations (1) and (2), respectively, using corrected signal durations.  The 

deviations from the line of perfect agreement below ML ~2.5 in the UT region and at all 

magnitudes in the YP region suggest that recalibration of the MC equations is needed. 

 

Figure 9.  (a) Plot of distance-adjusted ML versus log τ for UT region earthquakes from 1983 

through 2001.  Distance-adjusted ML is defined from equation (23) as ML – 0.0023∆ .  The solid 

line shows the prediction of equation (23), which was fit using data from the ML ≤ 5.0 events 

only (diamonds). (b) Plot of ML-adjusted log τ versus epicentral distance, defined from equation 

(23) as ML – 2.32 log τ, for the same data set as in (a).  The solid line shows the prediction of 

equation (23).  

 

Figure 10.  Plots of the difference between MC and ML for UT region (left) and YP-region (right) 

earthquakes, with MCs calculated from the new equations (23) and (24), respectively, using 

corrected signal durations.  The mean MC-ML differences (shaded bars and numbers), calculated 

for ML ≤ 5.0 events only, have been reduced to 0.11 or less by the use of the new set of MC 

equations. 

 

Figure 11.  Plot of MC versus ML for UT region (left) and YP-region (right) earthquakes, with 

MCs calculated from the new equations (23) and (24), respectively, using corrected signal 

durations.  There is a good fit to the line of perfect agreement for 0.5 ≤ ML ≤ 5.0, the magnitude 
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range over which the equations were calibrated. 

 

Figure 12.  Plot of MC versus ML for YP-region earthquakes, with MCs calculated from the UT 

MC equation (23) using corrected signal durations.  Note that the UT MC equation works quite 

well for the YP data.             
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Summary of UUSS Magnitude Determinations: 1981-2006 
by 

J.C. Pechmann, S.J. Nava, J.C. Bernier, F.M. Terra, and R. Burlacu 
December 6, 2006 

 
 

This report summarizes the procedures currently in use at the University of Utah 
Seismograph Stations (UUSS) for determining local earthquake magnitudes.  It also describes 
how these procedures have been retroactively applied to improve the magnitude estimates in the 
UUSS earthquake catalogs for the time period over which the UUSS regional seismic network 
has been digitally recorded:  1981-present. 

 
UUSS earthquake catalogs for the Utah (UT) and Yellowstone National Park (YP) 

regions contain two types of size measurements:  Richter local magnitude (ML; Richter, 1958, 
pp. 340-345) and coda magnitude (MC).  ML is the preferred size measurement, but cannot be 
determined for most of the smaller earthquakes in the catalogs.  The equations for the MC 
calculations are calibrated against ML in order to achieve consistency in the two different size 
estimates.  Magnitudes reported in the revised 1981-present catalogs are either ML or MC, as 
indicated.  However, some of the magnitudes in the previous UT catalog for the time period 
1981 to April 1994, and in the current 1962-1980 UT catalog, are averages of MLs and MCs.   

Local Magnitudes 

 
The MLs are calculated from maximum amplitudes measured either on paper records 

from Wood-Anderson (W-A) short-period seismographs or else on synthetic W-A records.  
Synthetic W-A records are digital records that have been processed to be equivalent to paper 
records from W-A seismographs (see Bakun et al., 1978; Kanamori and Jennings, 1978).  For 
earthquakes from May 1979 through 1993, the amplitude measurements for UUSS MLs are from 
paper records from two W-A seismographs in Utah (at DUG and SLC).  For earthquakes since 
1994, the MLs have been determined primarily using synthetic W-A records from 27 UUSS and 
nearby U. S. National Seismic Network (USNSN) broadband digital telemetry stations (Table 1). 

 
UUSS MLs have been calculated using Richter’s (1935, 1958) definition and distance 

corrections since at least 1962:      
 

ML = log10 A - log10 A0 + Si     (1) 
 

where A = the maximum trace amplitude in millimeters on a W-A record, 
log A0 = an empirical distance correction from Richter (1958), and 
Si = an empirical correction for the particular station and/or instrument used. 

 
At UUSS, the maximum trace amplitude used in (1) is the mean of half the maximum peak-to-
peak amplitudes measured on the two horizontal-component W-A records.  Currently, ML 
determinations from two or more stations are averaged to obtain the ML value for an earthquake. 
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Table 1:  Local Magnitude Station Corrections+ 
 

Station 
Code 

Instrument 
Type* 

Station 
Correction, 

Si (sec) 

Std. Dev. 
of Si, s(Si) 

(sec) 

Number of 
Measurements

Date 
Implemented 

(mm/dd/yyyy)# 
      
AHID BB -0.43 0.04 83  
BGU BB +0.03 0.07 15  
BOZ BB +0.17 0.04 14 06/01/2004 
BUT W-A -0.23  0.08 17  
BW06 BB -0.15 0.04 69  
CTU BB +0.10 0.02 234  
DUG-paper§ W-A +0.20 — —  
DUG-digital BB +0.08 — —  
ELK BB +0.02 0.07 10  
GOL‡ BB -0.36 0.01 64  
HLID BB +0.05 0.07 14  
HVU BB -0.21 0.02 164  
HWUT BB +0.09 0.03 124  
IRCI‡ BB +0.05 0.03 80  
JLU BB +0.05 0.06 15  
KNB BB +0.21 0.03 86  
LDS BB -0.26 0.05 31  
LKWY BB +0.06 0.07 23  
MPU BB +0.20 0.02 211  
MVU BB -0.11 0.04 91  
NLU BB +0.14 0.04 23  
NOQ BB -0.08 0.02 164  
SLC ¶ W-A -0.21 0.05 56  
SPU BB -0.10 0.05 46 07/01/2003 
SRU BB -0.35 0.02 259  
TCU BB -0.55 0.04 58 07/01/2003 
TMU, TM2 BB, SP -0.28 0.04 56 07/01/2003 
TPNV BB -0.22 0.07 10 07/01/2003 
YFT BB +0.20 0.05 12 06/01/2004 
YMR BB -0.38 0.07 15  

 + From Pechmann et al. (2007), except for the entries in italics 
 * BB = broadband, W-A = Wood-Anderson, SP = short period 
 #  If a date is given, the station was used for ML calculations only for earthquakes after this date 
 §  Station correction taken from Griscom and Arabasz (1979) 

‡ Developed for and applied only to earthquakes which occurred during 1994 in the Draney Peak, 
       Idaho, region (between the UT and YP catalog regions):  42º 30´- 43º 10´ N, 110º 40´- 111º 35´ W 
 ¶  Station correction derived from paper record data but applied to magnitudes from both paper 
    and digital records for earthquakes after July 10, 1985, when the SLC W-A instrument was 
           rebuilt; for earlier events, Griscom and Arabasz’s (1979) station correction of 0.0 is used
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 Pechmann et al. (2000, 2007) showed that Richter’s (1958) distance corrections are 
adequate for use in the region spanned by the UUSS regional seismic network.  They also 
developed empirical ML station corrections for 21 stations in this area (Table 1, entries in regular 
type) and used them in equation (1) to recompute all MLs in the UUSS earthquake catalogs from 
1981-2002.  Station corrections for eight other stations have been developed using the same 
methodology (Table 1, entries in italics).  Data from two of these eight stations have been used 
in ML determinations only on a restricted basis (see Table 1 footnotes).  Data from the other six 
stations have been used in ML determinations only for earthquakes that occurred after the 
corrections were determined and implemented (dates, Table 1). 

 
The station corrections minimize differences between MLs calculated from different 

stations and from paper and synthetic W-A records.  For all of the stations except DUG, chosen 
as the reference station because of its long recording history with both W-A and broadband 
seismometers, the station corrections were calculated as follows: 

 
      ____________________                

Si = ML (DUG-digital) - ML(i)    (2) 

where the overbar indicates the mean value, ML(i) is the uncorrected ML from station i, and 
ML(DUG-digital) is the ML from the DUG synthetic W-A records, after applying the station 
correction of +0.08 (Table 1).  See Pechmann et al. (2007) for further details and explanation.   
 
 

Coda Magnitudes 
 

The MCs are calculated from measurements of seismic signal durations on records from 
short-period, vertical-component, velocity sensors.  For the 1981 through 2000 earthquake 
catalogs, almost all of the MCs were originally determined from digital records using the 
following equations (Griscom and Arabasz, 1979; Smith et al., 1986): 
 

MC = -3.13 + 2.74 log τ  + .0012Δ     in the UT region,  (3) 
 

MC = -2.25 + 2.77 log τ  + .0030Δ     in the YP region,  (4) 
 

where Δ = epicentral distance in km, 
τ  = signal duration in sec, measured from the P-wave onset to the time that the 
signal drops down below the pre-event noise level. 

 
MC determinations from several stations were usually averaged to obtain the MC value for an 
earthquake.  A few of the MCs in the original 1981-1983 UT region catalog (Richins et al., 1984) 
were determined using paper records from a Benioff seismograph at DUG and the following 
equation (Griscom and Arabasz, 1979): 

 
MC = -4.26 + 2.79 log τ  + .0026Δ ,    (5) 
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where Δ and τ have the same definitions as above. 
   

Unfortunately, there were systematic time-dependent differences between the MCs 
computed using equations (3) and (4) and MLs computed using (1).  These differences ranged up 
to 0.4 and 0.9 units in the UT and YP regions, respectively.  Pechmann et al. (2000, 2001) 
showed that these differences were primarily due to inaccuracies in the MCs caused, in part, by 
the effects of varying instrument gains and background noise levels on the signal duration 
measurements.  They solved this problem by redefining the signal duration in terms of absolute 
ground motion levels and revising the coda magnitude equations. 
 

Since 2002, UUSS MCs have been calculated from digital records using the following 
equations updated from Pechmann et al. (2001): 

  
MC = -2.25 + 2.32 log τ  + .0023Δ     in the UT region,  (6) 

 
MC = -2.60 + 2.44 log τ  + .0040Δ     in the YP region,  (7) 

 
where Δ = epicentral distance in km, 

τ  = signal duration in sec, measured from the P-wave onset to the time that the 
average absolute value of the ground velocity (approximated from the record 
amplitudes and the 5 Hz instrument gain) drops below 0.01724 microns/sec. 

 
The MCs for the 2001 catalogs, and for some mining-related events during the last quarter of 
2000, were originally computed using the new τ definition but earlier versions of the above 
equations.  The threshold of 0.01724 microns/sec in the new τ definition is the estimated median 
noise level for short-period analog-telemetry stations in the University of Utah regional seismic 
network (as of August 1, 2000).   
 

Equation (6) was calibrated against MLs for 923 Utah region earthquakes of ML 0.5 to 4.7 
which occurred between 1983 and 2001.  Equation (7) was calibrated against MLs for 510 
Yellowstone region earthquakes of ML 0.6 to 4.2 which occurred between 1995 and 2001.  To 
determine the constants in the MC equations, we used an orthogonal regression method (Cheng 
and Van Ness, 1999, pp. 9-11) rather than linear regression.  The latter produces biased results 
because the errors in the predictor variables (log τ and Δ) are not negligible compared to the 
errors in the response variable (ML) (see Draper and Smith, 1981, pp. 122-125).  The coda 
magnitudes provided by equations (6) and (7) are comparable to local magnitudes over the range 
of applicability of these equations, which we consider to be 0.5 ≤ ML ≤ 5 (Figure 1).   The finite 
record lengths of UUSS recording system triggers appear to have caused underestimation of 
signal durations for earthquakes of ML  > 5 (Figure 1a, crosses). 

 
Most of the τ measurements since mid-1987 have been made with the aid of UUSS-

developed software that automatically determines signal duration from a user-selected portion of 
the coda—the latter part of the seismic record where the amplitude is decaying with time.  The 
code determines the average absolute value, A, of the de-meaned digital seismogram in overlap-
ping 2-sec time windows space 1 sec apart.  It then fits the A values with a function of the form: 
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Figure 1.  Plots of MC versus ML for (a) the 923 Utah region earthquakes used to determine 
equation (6) (diamonds) and (b) the 510 Yellowstone region earthquakes used to determine 
equation (7).  The coda magnitudes were calculated using equations (6) and (7), respectively.  
The solid line marks the line of perfect agreement:  MC = ML .  The dotted line on (a) separates 
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data points that were used (diamonds) and not used (crosses) in the regression. 
 

A(t) = A0 (t - tp)-α    (8) 
 

where t  = time, 
tp = P-wave arrival time, and 
A0, α = constants. 

 
The end of the signal is initially defined as the intersection between A(t) and a threshold of 5.0 
digital counts.  This threshold matches the ground velocity threshold of 0.01724 microns/sec in 
(6) and (7) for an instrument with a gain of 290 counts/(micron/sec).  Let τ5 be the observed 
signal duration measured to the 5-count threshold.  τ5 is converted to τ, as part of the MC 
calculation procedure, by correcting for the actual instrument gain (at 5 Hz) using the following 
equation derived from (8): 
 

τ = τ5 (Gs /G)1/α    (9) 
 
where Gs = 290 counts/(micron/sec) = “standard” instrument gain at 5 Hz, and 

G  = actual instrument gain at 5 Hz  
 
This gain correction method was experimentally verified by Pechmann et al. (2000).  The 
median value for α, 1.8, is used for the gain correction in cases where the signal duration was 
picked manually.  
 
 

Revision of UUSS Magnitudes, 1981-2001 
 

The revised MLs from Pechmann et al. (2007) have been incorporated into the 1981-2001 
UUSS earthquake catalogs.  The changes to the existing MLs resulted primarily from using the 
new station corrections and applying the requirements that:  (a) all reported MLs be average ML 
values from two or more stations and (b) only maximum peak-to-peak amplitudes of 1.0 mm or 
greater from paper records be used.  An exception to (a) was made for the February 3, 1994, MW 
5.7 Draney Peak, Idaho main shock, which was located between the Utah and Yellowstone 
regions.  For this earthquake, we reported a single-station ML of 5.9 from DUG because that was 
the only magnitude estimate we could determine for it.  An exception to (b) was made for the 
smaller earthquakes in the 1994 Draney Peak sequence, for which we used some peak-to-peak 
amplitudes of < 1 mm from DUG paper records. 

 
 For the time period January 1981 through April 1994, the old UT catalog had 442 

“Wood-Anderson” magnitudes whereas the new UT catalog has only 47.  The main reason for 
this difference is that most of the “Wood-Anderson” magnitudes in the old catalog were single 
station MLs or averages of single station MLs and MCs from Benioff seismograph paper records 
(Richins et al., 1984; Brown et al., 1986; Nava et al., 1990).  The Benioff MCs were calculated 
from equation (5) using data from stations CCU (January through April, 1981) and DUG 
(January 1981 to April 8, 1994).  The “Wood-Anderson” magnitudes in the new catalogs, on the 
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other hand, are all MLs determined from peak amplitudes on Wood-Anderson records using the 
methods and criteria described herein.  The revised 1981-2001 catalogs do not include any MCs 
determined from Benioff paper records or any ML–MC averages.  Note that for the time period 
May 1994 through December 2001, MLs had been previously reported for only a handful of the 
1393 earthquakes for which there are MLs in the revised UT and YP catalogs (except for the MLs 
published in the electronic supplement to Pankow et al., 2004). 

 
We recomputed all of the MCs in the 1981-2001 UUSS earthquake catalogs using our 

current methods.  The changes to the MCs resulted primarily from the application of the new MC 
equations (6) and (7), along with the revised signal duration definition.  Some changes to the 
MCs also occurred because we modified our version of the earthquake location program 
Hypoinverse (Klein, 1978) to compute and report negative magnitudes instead of discarding 
them.  (We also changed the default magnitude from 0.00 to –9.99.) 
 

The gain correction factor for the signal durations is sensitive to the coda decay parameter, 
α, because of the 1/α exponent in equation (9).  This sensitivity, combined with uncertainties in α 
and limitations of the coda decay model (8), can sometime lead to erroneous coda magnitudes.  
Because of this problem, we removed all MC values that differed from the mean for the 
earthquake by more than 1.0 units.  This process was done iteratively, one value at a time, 
beginning with the largest outlier and recomputing the mean MC after every removal.  As this 
method of identifying outliers does not work for earthquakes with less than three duration 
measurements, we measured additional signal durations for 4,238 earthquakes having less than 
three such measurements from stations with known gains.  We tried unsuccessfully to measure 
additional signal durations for nearly 1,500 other earthquakes. 

 
 Finally, we carried out some quality control checks on the revised MCs, including those 

for earthquakes outside the UT and YP regions.  One of the primary checks was to compare the 
revised MCs to the magnitudes (MC or ML ) in the old UUSS catalogs.  Based on the distribution 
of these magnitude differences, we checked and revised, as necessary, all 861 of the new MCs 
(1.7%) that differed from the old magnitudes by 1.0 units or more.  Because there were large 
systematic errors (up to 0.9 units) in the old Yellowstone MCs (Pechmann et al., 2001), we 
checked the revised Yellowstone MCs against a catalog containing MLs plus MCs calculated 
using the old Utah MC equation (3).   The magnitudes in the revised UUSS catalogs should be 
significantly more homogenous and reliable than those in the old catalogs. 
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Introduction 

Advances in seismometry and recording systems have greatly increased the range of signals that 

can be recorded by strong-motion instruments.  This increased range has practical implications 

for observational weak-motion seismology, as we demonstrate in this paper.  Analog strong-

motion instruments, the most common type in use until the 1990s, had an effective bandwidth 

from ~0.1-0.2 Hz to 25-50 Hz and a dynamic range of 40 to 60 dB (Heaton et al., 1989; Trifunac 

and Todorovska, 2001).  By contrast, modern 16- and 24-bit digital strong-motion instruments 

have bandwidths from DC to 80 Hz (at 200 sps) and a dynamic range of 90 to 135 dB (Trifunac 

and Todorovska, 2001).    

 

Another advance in strong-motion instrumentation during the last decade or so has been the 

development of recorders that can support continuous digital telemetry of the data.  Historically, 

strong-motion data have been recorded on site in a triggered mode.  The triggers are usually set 

to record potentially damaging ground motions from moderate to large (M > 4) local 

earthquakes.  These data are mostly used by engineers for structural design and by seismologists 

for modeling fault rupture histories.  The continuous telemetry of strong-motion data has been 

driven primarily by the need for reliable near-real-time information on potentially damaging 

ground shaking (Kanamori et al., 1997).  Fortunately, the continuous telemetry also enables the 

recording of smaller signals that would not normally trigger the strong-motion instruments, 

which means that the full range of signals recorded by the modern accelerometers and digitizers 
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can be investigated. 

 

With the deployment of the Advanced National Seismic System (ANSS; USGS,1999) beginning 

in the year 2000, the number of modern continuously-telemetered, strong-motion instruments 

throughout the U.S. has increased greatly.  Before ANSS, the only dense network of such 

instruments in the U.S. was located in southern California, as part of TriNet (Hauksson et al., 

2001).  Under the ANSS program, more than 500 accelerometers have been installed or 

upgraded to date in high-risk urban areas (William Leith, personal communication, 2006).  These 

notably include metropolitan areas in Alaska, California, Nevada, New Mexico, Oregon, Utah, 

and Washington, as well as in various states in the central and eastern U.S.  Accelerographs 

deployed as part of ANSS include the Kinemetrics 19-bit K2 recorder with Episensor 

accelerometers, the REF TEK 24-bit ANSS 130 recorders with MEMs accelerometers, and the 

Guralp CMG-DM24/3 24-bit recorder with CMG-5T accelerometers.  These accelerographs 

have dynamic ranges of > 114, 120, and > 130 dB, respectively, and a bandwidth from DC to 40 

Hz at 100 sps.  The data from these instruments are continuously telemetered to regional seismic 

network centers.   

 

One of our first analyses of the strong-motion data recorded by the ANSS network in the 

Wasatch Front urban corridor of Utah occurred following the 2002 Denali Fault earthquake 

(DFE) in Alaska.  Surface waves from the DFE (Δ ~31˚ from Salt Lake City, Utah) clipped most 

of the broadband and short-period instruments in the regional seismic network.  However, we 

were able to obtain on-scale recordings from the ANSS strong-motion network and use them to 

estimate the peak dynamic stresses from the DFE in Utah (Pankow et al., 2004).  Later, Sheng et 
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al. (2003) used teleseismic signals recorded on strong-motion and broadband stations in the Utah 

network to invert for receiver functions.  The observation that ANSS accelerographs can record 

teleseisms helped motivate us to investigate the extent to which the data from these instruments 

might be used for analyzing small (M < 4) earthquakes. 

 

Clinton and Heaton (2002) showed that 24-bit accelerographs are capable of recording small 

earthquakes (1.5 ≤ M < 4) earthquakes out to distances of ~100 km, at least at quiet sites in 

Southern California.  Can ANSS accelerographs record good quality first arrivals from a 

comparable range of magnitudes and distances at the relatively noisy urban sites where they are 

usually installed?  If so, they could provide important supplementary information for many 

seismological studies.  The data would be particularly valuable in places where there are few or 

no weak-motion instruments.  For example, in the Basin and Range Province, faults dip below 

sedimentary basins that contain deep layers of soft soil.  Because deep soil sites have high levels 

of seismic noise, short-period and broadband seismometers are typically sited on rock outcrops 

adjacent to the sedimentary basins.  Consequently, it is difficult to get seismic recordings within 

about one focal depth’s distance from the epicenter of shallow earthquakes located under the 

basins, as is required for good focal depth control (see Gomberg et al., 1990).   

 

With the deployment of ANSS accelerometers, which are typically installed in urbanized 

sedimentary basins in order to record strong-ground shaking in the built environment, Utah now 

has a dense network of instruments located in the basins immediately above the Wasatch and 

other regional faults (Figure 1).  In this note, we show that these strong-motion instruments are 

indeed capable of recording signals from small local earthquakes at these relatively noisy sites, 
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and that the strong-motion network is providing improved hypocentral resolution and first-

motion focal mechanisms—particularly in the vicinity of the Wasatch fault, an active west-

dipping normal fault, which poses a major seismic hazard to the Wasatch Front region of Utah 

(e.g. Arabasz et al., 1992).  We show three examples of recordings from the ANSS strong-

motion network in Utah of small (M < 4) local earthquakes and describe how these recordings 

improved our analysis of each earthquake.  To demonstrate the useful range of such data, we 

picked reliable P- and S-wave arrival times from strong-motion instruments for 31 small 

earthquakes located in the Salt Lake Valley.  The data points are plotted as a function of 

magnitude, distance, and site response unit (average shear velocity in the upper 30 m, Vs30). 

  

 

Examples 

In Utah’s regional and urban seismic network, the routine location procedure involves picking P- 

and S-wave arrival times and P-wave first motions from waveforms recorded by short-period and 

broadband instruments, and when available, from waveforms recorded by strong-motion 

instruments located on rock.  It was recognized with the initial deployment of ANSS instruments 

that the rock sites provide a quiet environment conducive for recording small earthquakes on 

accelerographs.  In the examples below, we demonstrate that even the accelerographs located at 

soil sites in the noisy urban environment provide important information for the analysis of small 

earthquakes. 

 

Example 1: Improved Hypocenter Control 

On 22 July 2005 an Mc 1.3 earthquake occurred under the Salt Lake Valley (SLV).  The routine 
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location included picks from 21 stations (including one strong-motion station located on rock), 

the closest being 6 km away from the epicenter (Figure 1).  The epicenter was well constrained.  

However, there was essentially no control on the earthquake’s depth (Table 1).  In a detailed 

analysis, four P- and three S-wave arrival times from four ANSS stations located on soil in the 

SLV were added to the dataset.  The closest of these stations was 2 km from the epicenter.  

Except for some possible bias caused by the fact that the velocity model does not take into 

account the slow velocities of the shallow SLV sediments, the refined depth appears to be well 

constrained at 5.5 ± 1.4 km (two-sigma), compared to the poorly constrained 1.5 ± 59 km (two-

sigma) that was originally determined. 

 

Example 2: Focal Mechanism Determination 

On 16 August 2005 an ML 2.8 earthquake occurred beneath the mountains east of the SLV 

(Figure 1).  This earthquake was felt widely in the SLV and out to a distance of > 60 km (see 

http://pasadena.wr.usgs.gov/shake/imw/archives.html).  Again ANSS strong-motion data were 

used to add more arrival times and first motions.  In this case, the additional data did not improve 

the location very much (Table 1) but did help to constrain the first-motion focal mechanism 

(Figure 2).  We were impressed that so many first-motions could be distinguished on 

accelerograms, especially at stations located on soil.   

 

Example 3: Event Discrimination & Improved Hypocenter 

On 29 July 2005 a sequence of earthquakes shook the Sevier Valley in central Utah (Figure 1).  

The largest event in this sequence, ML 3.7, was felt by many in nearby towns (see 

http://pasadena.wr.usgs.gov/shake/imw/archives.html).  Coincidentally, a week before this 
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sequence an accelerograph had been installed in the town of Richfield, Utah, less than 4 km from 

this sequence of earthquakes.  Routine processing results indicated that the sequence consisted of 

an ML 3.7 mainshock followed ~2.5 min. later by an ML 2.4 aftershock.  However, when 

examining the data from the accelerometer located in Richfield (Figure 3), a foreshock was 

distinguishable ~3 sec before the ML 3.7 event.  Without this close-in station at Richfield the 

foreshock would never have been noticed, and there would have been a bias in the cataloged 

location of the ML 3.7 event due to incorrect picking of P-arrival times.  Adding the data from 

the Richfield station and reanalyzing the regional stations to correctly identify and pick P-

arrivals from the foreshock and mainshock moved the epicenter more than 4 km to the east-

southeast and improved the focal depth.  The one-sigma depth error was reduced from 17.0 km 

to 0.7 km (Table 1). 

 

Magnitude-Distance Analysis 

Given the above three examples of using strong-motion data to enhance analyses of small local 

earthquakes, our next step was to quantify the circumstances under which strong-motion data 

might be useful in local earthquake locations.  To do this, we compiled a dataset of 31 

earthquakes located in the western SLV (Figure 1).  This area is in the heart of the Wasatch 

Front urban network and these events are well-recorded by both regional and urban stations.  The 

earthquakes occurred between 1 July 2001 and 15 May 2005 (the first strong-motion stations 

were installed in the SLV in the summer of 2000) and their magnitudes ranged from 0.5 to 3.2.  

For each event all available data were analyzed.  The maximum possible number of picks per 

event was not constant over the time period of study.  For example, at the time of the largest 

event (ML 3.2) on 8 July 2001, there were only 20 ANSS strong-motion stations in the Wasatch 
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Front region.  By 2005 the number had increased to 84.  Using all available data, P- and S-wave 

arrival times and P-wave first motions were picked from raw or filtered traces.  

 

Figure 4 shows the P-wave (left) and S-wave (right) arrival times as a function of distance, 

magnitude, and site response unit.  The site response units are based on the average shear 

velocity in the uppermost 30 m (Vs30; see map by Ashland and MacDonald, 2003).  First, note 

the number of picks with epicentral distance < 15 km (dashed line).  This is the distance range 

that will potentially add focal-depth control in the region, given that the seismogenic zone is ~15 

km thick (Bjarnason and Pechmann, 1989; Arabasz et al., 1992).  Most of these picks at < 15 km 

distance are from stations sited on very soft soil (Vs30 of 198 m/s, NEHRP site class D).  

Second, note that for all site response units the maximum distance of measurable arrival times 

increases with magnitude.  As expected, stations located on rock (open circles) can be picked to 

the largest distances.  Third, note the number of S-wave picks.  All of the strong-motion stations 

are three-component instruments.  The horizontal components enable reliable S-wave arrival 

picks and thus greatly increase hypocentral control. 

 

When the P- and S-wave arrival times from the accelerometers were added to those made during 

routine analysis, which include some readings from strong-motion stations located on rock, the 

average distance to the closest station (Dmin) for these 31 earthquakes decreased from ~9 km to 

~4 km.  This change greatly improved the focal-depth control for these earthquakes.  For 29 of 

the earthquake solutions (excluding two events with unconstrained focal depths), the average 

one-sigma depth error (ERZ) decreased from ~4 km to ~2 km.  Equally impressive is that the 

standard deviation of the mean for the depth error decreased from ~8km to ~ 3 km (Figure 5). 
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Conclusions 

Although the original goal of ANSS urban strong-motion monitoring was to collect data from 

large earthquakes in urban environments for engineering, emergency management and research 

purposes, it is clear that we do not have to wait for “the big one” to obtain useful data from the 

ANSS urban networks.  We have shown examples of how adding data from urban strong-motion 

stations has significantly improved locations and focal mechanisms for small local earthquakes.  

These improvements can be important for seismic source characterization and understanding the 

behavior of major faults.  We have also shown that modern accelerometers located even on the 

softest soil class (NEHRP Class D) can provide P- and S-wave arrival-time picks from 

earthquakes as small as M < 1 to distances up to 10 to 20 km, and from earthquakes of M 1 to 3 

to distances as great as 40 km.   

 

Four changes in strong-motion instrumentation have combined to make possible the study of 

small local earthquakes and teleseisms with this type of instrumentation: (1) digital recording 

with high resolution (19- to 24-bit) digitizers; (2) improved sensor dynamic range; (3) 

continuous recording; and (4) increases in effective bandwidths of recorders.  There continues to 

be debate in the seismological and engineering communities about the value of deploying large 

networks of continuously recorded, high resolution accelerographs.  Given the cost of this type 

of instrumentation and on-going telemetry costs, are dollars better spent on triggered recording 

with lower resolution (12- or 16-bit) digitizers (e.g. Trifunac and Todorovska, 2001; Evans et al., 

2006; Oppenheimer et al., 2006)? We would argue and have shown that, at least in certain cases, 

the enhanced data from the more expensive instrumentation provide information from small 
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local earthquakes that is valuable for an improved understanding of seismic hazard. 

 

In Utah, the network of strong-motion stations in the basins along the Wasatch Front urban 

corridor is providing an improved capability to locate and study earthquakes occurring on or near 

the Wasatch fault and other major faults under densely populated areas.  For ANSS, this added 

value of the strong-motion data has implications for the design of the system.  In certain areas, 

the strong-motion stations could be deployed strategically for both engineering needs and for 

monitoring seismicity along active faults.  An awareness of the broad range of events that are 

being recorded by dense strong-motion networks should prompt seismologists to pursue other 

types of analyses with these data, such as array processing and tomographic analyses. 
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TABLE 1 

Hypocentral solution parameters for example earthquakes—including (a) results from routine analysis of 
regional-network data and (b) improved results from adding data from ANSS strong-motion stations on soil 

Example 
 

Date 
(yr mo da) 

Origin Time 
(UTC) 

(hr:min:sec) Lat. (N) Long. (W) 
Depth 
(km) 

ERH1 

(km) 
ERZ1 
(km) 

Dmin2 

(km) Ns3 

1(a) 2005 07 22 22:49:24.37 40º 36.78’ 111º 50.67’ 1.54 0.37 29.56 6.5 21 5 

1(b) 2005 07 22 22:49:24.30 40º 36.71’ 111º 50.42’ 5.46 0.35 0.69 2.0 25 8 

2(a) 2005 08 16 09:54:04.98 40º 38.48’ 111º 35.98’ 12.04 0.36 0.47 6.6 35 4 

2(b) 2005 08 16 09:54:05.00 40º 38.48’ 111º 35.77’ 12.12 0.33 0.43 6.7 43 6 

3(a) 2005 07 29 20:46:18.55 38º 47.02’ 112º 05.86’ 1.25 1.05 17.00 20.2 11 0 

3(b) 2005 07 29 20:46:21:00 38º 46.29’ 112º 03.10’ 7.99 1.04 0.72 3.5 9 2 

1.  One-sigma standard error in location in horizontal direction (ERH) and vertical direction (ERZ) 
2.  Epicentral distance to closest recording station 
3.  Number of P-wave arrival times (Np) and S-wave arrival times (Ns) used 
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Figure Captions 

Figure 1.  Location map (left) showing the distribution of stations in Utah’s regional and urban 

seismic network and enlargement (right) of the Salt Lake Valley (SLV) region.  Circles indicate 

ANSS strong-motion stations; diamonds, broadband stations; triangles, short-period stations; 

encircled symbols, collocated strong- and weak-motion stations; stars, epicenters of earthquakes 

discussed in text.  In the enlargement, site-response units are indicated by gray-scale shading; 

earthquakes (asterisks) used for the magnitude-distance analysis (Figure 4) are circumscribed by 

the large circle. 

 

Figure 2.  P-wave first-motion focal mechanism (lower-hemisphere equal-area projection, 

compressional quadrants shaded) for ML 2.8 earthquake of 16 August 2005 determined using 

HASH (Hardebeck and Shearer, 2002) and the Wasatch Front velocity model from Bjarnason 

and Pechmann (1989).   Acceleration waveforms from three rock sites and seven soil sites 

illustrate the quality of first motions recorded by ANSS strong-motion instruments.  Data from 

the latter contribute significantly to the well-constrained, normal-faulting mechanism. 

 

 Figure 3.  Seismograms showing recorded P- and S-waves from the foreshock (Pf and Sf) and 

mainshock (Pm and Sm) of an earthquake sequence near Richfield, Utah, 29 July 2005.  The data 

were recorded by a Kinemetrics Etna accelograph and integrated to velocity.  HNZ, HNE, and 

HNN are the vertical, east-west, and north-south components, respectively.    

 

Figure 4.  Plots showing the distribution, as a function of distance, magnitude, and site response 

unit (see key) of all measurable arrival times for P-waves (left) and S-waves (right) recorded by 
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accelerometers from 31 earthquakes in the western Salt Lake Valley (Figure 1, right).  The 

dashed line at 15 km distance envelops those picks (< 15 km) that could improve focal-depth 

control.   

 

Figure 5.  Plot showing the mean and ± one-standard-deviation confidence interval for the 

distance to the closest station (Dmin) and the average one-sigma depth error (ERZ) for 31 

earthquakes located in the western Salt Lake Valley (Figure 1, right) both before (gray) and after 

(black) adding P- and S-wave arrival times from the ANSS strong-motion network.  The added 

picks are in addition to those obtained during the routine data analysis, and are primarily from 

soil sites.  
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