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ABSTRACT  
 

Two Modified Mercalli Intensity (MMI) maps were developed to illustrate the effects of the 2008, magnitude Mw6, 

Wells, Nevada earthquake. These maps were based on the U.S. Geological Surveyôs (USGS) Did-You-Feel-It data set, first-

hand observations, damage accounts, media accounts, and reports. A map of the MMI in Wells was created by examining 

the effects at individual houses and buildings; this map shows a pocket of Intensity VIII in the historical district of town, 

where older buildings collapsed and partially collapsed; a zone of MMI VII in the northern half of the town, where many 

chimneys were damaged; and MMI VI+ for the rest of town, where widespread non-structural damage occurred. For the 

regional MMI map, multiple reports were combined for Nevada communities, and the largest, most-common value was 

used to represent a location. This map shows the areas of MMI VI, V, IV, III, and part of the MMI II  area. The distributions 

of intensity reports for surrounding Nevada communities were compiled with most communities having small ranges in 

intensity because of limited reporting. Larger communities in the MMI IV area had distributions spanning as many as seven 

intensity levels. These MMI maps are similar to those generated from reports of damage by other historical magnitude 6 

(approximately) earthquakes from Nevada, although these tend to have smoother contours. They complement and compare 

favorably with the USGS Community Internet Intensity Maps. The MMI maps create a useful graphic visualization of the 

shaking extent of the Wells earthquake for purposes such as earthquake scenarios and public awareness. 

 

 

INTRODUCTION 
 

At 6:16 a.m. PST (Pacific Standard Time) on February 21, 2008, northeastern Nevada was struck by a moment 

magnitude 6.0 earthquake, centered about 9 km northeast of the City of Wells. Severe damage occurred in the historical 

district of the community and moderate damage (e.g., chimney damage) occurred over about half of the city. In the rest of 

Wells and surrounding areas, building damage was generally limited to cracks in interior and exterior walls, but dislocation 

and damage to nonstructural contents were widespread and ranged from slight to extensive. Moderate to strong shaking 

from the earthquake was felt in northeastern Nevada, northwestern Utah, and southernmost Idaho, and some movement was 

felt as far away as Las Vegas, Nevada and the Sacramento Valley in California.  

The goal of this project was to make Modified Mercalli earthquake intensity maps to illustrate the pattern and 

distribution of the earthquakeôs shaking levels based on peopleôs perceptions of shaking, structural and nonstructural 

damage. These intensity maps, while somewhat imprecise and uncertain because they are influenced by human subjectivity, 

do show the general distribution of ground shaking and include factors such as geologic effects due to the substrate that 

influence shaking levels from an earthquake. Modern intensity maps also help us constrain the sizes and locations of pre-

instrumental earthquakes which didnôt have directly measured magnitudes (e.g., Bakun and Wentworth, 1997). This study 

creates two intensity maps and displays intensity distributions for Nevada communities from the 2008 Wells earthquake. 

These maps show areas of a certain level of shaking intensity, separated by ñisoseismal lines,ò which are the approximate 

boundaries between these areas. 
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Figure 1.  Location map of the epicenter of the 2008 Wells earthquake in northeastern Nevada. 

 

 

MODIFIED MERCALLI IN TENSITY 
 

The Modified Mercalli Intensity (MMI) scale was used to characterize the 2008 Wells earthquake. Originally 

developed by Wood and Neumann in 1931, the MMI scale has been widely used in the United States since that time. The 

scale has been modified occasionally to enable it to address effects from both older historical earthquakes and more 

contemporary earthquakes (e.g., Richter, 1958; Toppozada and others, 1981; Dengler and Dewey, 1998; dePolo and 

Garside, 2006). Appendix 1 at the end of this paper shows the MMI scale, slightly modified from dePolo and Garside 

(2006). Intensity values are represented by Roman numerals to distinguish them from other earthquake values, such as 

magnitude. 

The lower part of the MMI scale (I to V) is based on human perception of the shaking and minor earthquake effects. 

The middle of the scale (VI to IX) describes increasing levels of earthquake effects and damage. The higher end of the scale 

(X-XII) describes different levels of ground disruption and destruction that would be found near a fault surface rupture, 

where widespread liquefaction disrupts the ground, or in the near-field shaking zone (where extremely strong shaking 

occurs). Intensities from the Wells earthquake were in the lower and middle parts of the MMI scale (I-VIII) .  

Intensity values are influenced by many factors, including distance from the earthquake source, local ground conditions 

(softer ground is less rigid and can move more easily than harder ground or rock), the nature and condition of the buildings, 

and the sensitivity and constitution of the people experiencing the shaking. Thus, assigning MMI values to a set of 

responses and effects at a location can range from relatively straightforward to uncertain and judgmental. There can be 

several different intensity values for a single location. In many cases, multiple intensity values at a location must be 

evaluated and combined, requiring an approach that represents a community with a single intensity value. The approach 

used in this study is presented in the section on the intensity maps for Wells. Even though we represent communities with a 

single value on the regional map, the distribution of MMI  values for Nevada communities from the 2008 earthquake is 

presented in appendix 2 at the end of this paper. 
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Commun ity Internet Intensity Map  
 

The Community Internet Intensity Map (CIIM) is created from an Internet-based questionnaire and is particularly 

useful immediately following an earthquake when information is preliminary and sparse, yet people can report on what they 

just felt and the effects they can see around them, and Internet systems tend to stay up even though other communication 

systems fail. The CIIM map was developed by the U.S. Geological Survey (USGS) and gives one of the first impressions of 

the scope and extent of an earthquake shortly after the event. The questionnaire is called ñDid-You-Feel-It?ò (DYFI) and 

the results are used in calculating an intensity value for the CIIM (Wald and others, 1999; USGS, 2004). The results are 

displayed on the USGS DYFI earthquake web site, with intensities commonly displayed by zip code areas (e.g., figs. 2 and 

3) or as geocoded data. A primary part of the data for the regional intensity map produced in this study was the reviewed 

DYFI information. 

Three CIIM maps of the 2008 Wells earthquake are shown in figures 2, 3, and 4. Figure 2 is a zip-code-area map of the 

approximate maximum number of entries. Figure 3 is a zip-code-area map of the final number portrayed after filtering out 

false and unreliable entries, and figure 4 is a geocoded map of the same data. Figure 2 was made about a month and a half 

after the earthquake, when most responses were in (3047 entries). The map gives an idea of how much of the surrounding 

area was affected by the Wells earthquake and, overall, compares favorably with the regional intensity map produced in this 

study, but they are different portrayals of nearly the same data. The final portrayals of the DYFI data after clean-up are 

shown in figures 3 and 4. These have similar extents as earlier versions but a few of the zip-code areas have dropped out. 

The geocoded version (figure 4) helps one to view the DYFI data in greater detail than in the zip-code area version where 

zip-code areas are large (rural areas). The geocoded version also portrays the local higher intensity and shows the gaps in 

the reporting data better.  

Figure 5 illustrates the rapid nature of responses to the DYFI Internet questionnaire. Within 8 hours, over half of the 

total entries were made, which fortunately is when peopleôs memory is the clearest (over 3,000 total DYFI entries were 

submitted and about 1,900 entries were used for the final). Entries made to the DYFI after about a month began to include 

aftershock descriptions and were prone to inconsistencies or inaccuracies. 

 

Intensity Maps for the 2008 Wells Earthquake  
 

We made a local intensity map of Wells and a regional intensity map to illustrate the shaking effects from the Wells 

earthquake. In this section we discuss the intensity data, our methods for combining data for individual communities, and 

generating the maps. 

 
Intensity Data  

 

MMI values were estimated using the DYFI data set combined with additional accounts and observations of the 

earthquakeôs effects. Our local MMI map for Wells was mostly based on first-hand observations by the lead author, 

whereas the statewide map is mostly based on the DYFI data. Other observations from newspapers, reports, and a few 

insurance assessments were also considered in both maps. 

The DYFI data set for the Wells earthquake was provided by David Wald of the U.S. Geological Survey, with the 

names and addresses removed for privacy. We reviewed these data, adjusted some intensity assignments as necessary 

(discussed below), and sorted them by community. The entries for each community or location were analyzed and 

combined to produce a single intensity value to represent a community. Only entries made within the month following the 

earthquake were used, which allowed for rural communities to report, but helped limited entries that were confused with 

aftershocks, etc. The locations that were provided with the data set were the centroids of the zip codes. We reassigned the 

entries to be at the coordinates of the indicated communities or other specific locations. Several entries were discarded 

because there was not enough information to get a location, they were incomplete, or they appeared to be false reports.  

We reviewed the DYFI data for Nevada for authenticity and quality, and in some cases, adjusted or disregarded the 

values similar to those used in Dewey and others (2002) for the 2001 Nisqually, Washington earthquake. The focus was on 

assigning intensities to the DYFI information with the intensity descriptions in appendix 1 at the end of this paper. 

Assigning MMIs (rather than calculating CIIs) lowered some of these intensity values by one intensity unit, mostly 

rounding down values that were rounded up in the CIIM analysis. In several of these cases, long durations of shaking, 

perhaps created by basin entrapment of seismic waves, seemed to elevate the CIIM estimates above the description of their 

effects. Because values are combined for communities, adjustments of individual reports had a minimal overall effect on 

the final intensity values.  
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Figure 2. Community Internet Intensity Map for the Wells earthquake as of April 12, 2008 (taken from the USGS DFYI web site on the 2008 

Wells earthquake). There were limited responses from rural Nevadans and apparent reporting gaps appear in several counties. The extent 

of strong shaking can be viewed with this map. This is invaluable information in the time immediately following the event, when detailed 

information is sparse and uncertain. The maximum intensity (VIII) is indicated with the number in a circle.  
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Figure 3.  Community Internet Intensity Map for the Wells earthquake created November 19, 2009 (taken from the USGS DFYI web site on 

the 2008 Wells earthquake). About a third of the entries have been filtered out for the final CIIM map presented on the web. Although the 

map is sparser looking than the April 2008 version (figure 2), the overall pattern is similar. 
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Figure 4.  Geocoded Community Internet Intensity Map for the Wells earthquake created November 19, 2009 (taken from the USGS DYFI 

web site for the 2008 Wells earthquake). This map shows the locations of the responses and gaps in Internet data in more detail versus the 

zip code portrayal, but is incomplete because not all entries could be geocoded. 
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Figure 5. Response-Time history for the Did-You-Feel-It survey following the Wells earthquake showing the large number of 

responses (over half of the total) that came in within the first 24 hours (taken from the USGS DYFI Web Page on the 2008 

Wells earthquake). 

 

 
In Nevada, there were 410 DYFI responses used for 49 locations. The number of individual responses from 

communities ranged from 1 (many communities) to 119 (Elko). There were 21 responses from Wells; it is assumed that 

there were not more responses from an area that shook so strongly because people were dealing with the earthquakeôs 

effects and didnôt have the time or inclination to go online and fill out a questionnaire. Thus, proactive canvassing of 

earthquake damaged areas was needed to document the distribution of shaking effects. 

Many first-hand observations of Wells and the surrounding area were made by the lead author (dePolo) in the days and 

weeks following the earthquake. In this process, gaining a caring rapport with the local population helped in understanding 

what happened inside homes and businesses, beyond what is visible from the road. Printouts of Google Earth® images of 

Wells at a block level were useful to keep track of damaged chimneys and helped in drawing isoseismal lines.  

 

Assigning Intensity and Drawing Isoseismal Line s 
 

The approach used for assigning intensity values was to seek the highest values that were common in a community or 

at a location. After the number of reports for each intensity value was compiled, a distribution was drawn for each 

community (e.g., figure 6). The most numerous intensity values were usually in the central part of the distribution; these are 

considered to be the most commonly experienced values. The largest intensity from this central part of the distribution was 

used to characterize a community because there was good confidence that this level of MMI had occurred there and that 

this intensity level was relatively common. Outlier intensity values were ignored and were assumed to be influenced by 

variables that were not representative of the overall community. An example of using this approach to combine intensity 

values for Elko, Nevada is shown in figure 6; here the central part of the distribution is MMI III and IV, and the largest 

most-common value is MMI IV .  

For broader distributions, a simple test was devised so as not to miss important data and to check whether a higher 

intensity value should be considered. The test considered the number of reports for the next higher intensity value versus 

the number of reports for the largest most-common value. If the next highest valueôs number was over half the number of 

reports of the largest most-common value, the higher intensity was used; only a few sites had increased intensity values 

because of this test. If a higher intensity value was chosen because of this test, the test was rerun, but no intensity values 

were adjusted more than once. The final values used were felt to be the largest representative intensities for communities. 

The final intensity values used are presented in appendix 2 at the end of this paper (Nevada data) and on the regional map 

(figure 10).  
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The intensity values for the communities were plotted on maps and isoseismal lines were drawn to divide the different 

intensity areas. The isoseismal lines are solid where they are reasonably constrained and are dashed where they are poorly 

constrained, unconstrained, or inferred. Nevada is made up of isolated rural communities in its northeastern part, leading to 

large distances between intensity reporting sites. In most parts of the map there is a wide area where the isoseismal lines 

could be drawn. Isoseismal lines were commonly placed conservatively, tightly encompassing data points. The higher 

intensities (IV-VI) tend to be better constrained than the lower intensities (II and III).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figu re 6. Histogram showing the number of DYFI reports for each intensity reported for Elko. The largest, most-

common value assigned to Elko was intensity IV. 

 

 

Modified Mercalli Intensity Map for Wells  
 

The local MMI map of Wells (figure 7) shows three intensity areas, VI, VII, and VIII. The highest intensity area, MMI 

VIII, is in the older part of Wells where many historical buildings are located (figs. 7 and 8). Many of these buildings had 

been abandoned for decades and had fallen into disrepair. In this area, a few buildings partially to totally collapsed, and 

parapets and the upper parts of brick walls were broken up and fell from several buildings. Most chimneys were shattered in 

their upper parts. 

The northern part of Wells is assigned an intensity of VII, with many broken and fallen chimneys, some broken walls 

(e.g., figs. 9 and 10). The most dramatic damage in this area was to Wells High School, which sustained structural 

connection failures and delaminated block walls. In a pocket of intensity VII near the freeway, a water main ruptured, and 

there was significant nonstructural damage to ceiling systems in stores and content loss. In the intensity VII area, there was 

some minor panic and some people ran out of their homes. People were very frightened to extremely frightened, with at 

least one woman having an anxiety attack from the event and needing some medical assistance. The intensity was not 

mapped beyond Wells because of insufficient data, but the similar shaking intensities were likely felt throughout Town 

Creek Flat (the small valley Wells is located in). 

In intensity VI areas, the earthquake was strongly felt and there was widespread, but highly variable, nonstructural 

damage and content dislocation (figure 11). Everyone clearly felt the earthquake, was awakened if sleeping, and was 

startled by its strength. A large bang was heard near the beginning of the shaking by most people in Wells. The duration of 

shaking was reported to be 20 to 40 seconds. 
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Figure 7. Modified Mercalli Intensity Map of Wells. This isoseismal map of Wells was overlain onto a photograph of Wells that was 

provided by the Nevada Department of Transportation. General intensity descriptions are given in appendix 1 at the end of this paper. 

The area shown in this figure was severely shaken and there were variable amounts of nonstructural content dislocation and damage 

(MMI VI). Areas with some nonstructural building damage, mostly damaged chimneys, are shown as intensity VII. The area with several 

collapsed and partially collapsed buildings, and fallen parapets and upper parts of walls is shown as intensity VIII. 

 

 

Figure 8. Wells historical district showing partial collapse of buildings and facades; this was an area of intensity MMI VIII. 
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Figure s 9 and 10.  Two damaged chimneys at the same house from the earthquake. This is evidence of intensity MMI VII.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Content damage and dislocation that was typical of areas 

of intensity MMI VI (photo by resident). 

 

 

 


