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Scenario Disclaimer 
 

The scenario employed in this report has been selected following discussions with 

regional experts and recommendations from the United States Geological Survey (USGS). 

Final confirmation from USGS was obtained in support of the scenario. This scenario is 

intended to provide credible impacts for the New Madrid Seismic Zone (NMSZ) that is 

suitable for planning at the national level. The scenario represents one series of possible 

earthquakes and consequential impacts for the eight states and four FEMA regions that 

are affected by the NMSZ. Other studies may use different scenario components and 

hence lead to different results. The Project Team and the project consultants and advisors 

believe that the estimates given in this report are the most rigorous and plausible possible 

at the time of publication of the report in November 2009. 
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Executive Summary 
 

The information presented in this report has been developed to support the Catastrophic 

Earthquake Planning Scenario workshops held by the Federal Emergency Management 

Agency. Four FEMA Regions (Regions IV, V, VI and VII) were involved in the New 

Madrid Seismic Zone (NMSZ) scenario workshops. The four FEMA Regions include 

eight states, namely Illinois, Indiana, Kentucky, Tennessee, Alabama, Mississippi, 

Arkansas and Missouri. 

 

The earthquake impact assessment presented hereafter employs an analysis methodology 

comprising three major components: hazard, inventory and fragility (or vulnerability). 

The hazard characterizes not only the shaking of the ground but also the consequential 

transient and permanent deformation of the ground due to strong ground shaking as well 

as fire and flooding. The inventory comprises all assets in a specific region, including the 

built environment and population data. Fragility or vulnerability functions relate the 

severity of shaking to the likelihood of reaching or exceeding damage states (light, 

moderate, extensive and near-collapse, for example). Social impact models are also 

included and employ physical infrastructure damage results to estimate the effects on 

exposed communities. Whereas the modeling software packages used (HAZUS MR3; 

FEMA, 2008; and MAEviz, Mid-America Earthquake Center, 2008) provide default 

values for all of the above, most of these default values were replaced by components of 

traceable provenance and higher reliability than the default data, as described below. 

 

The hazard employed in this investigation includes ground shaking for a single scenario 

event representing the rupture of all three New Madrid fault segments. The NMSZ 

consists of three fault segments: the northeast segment, the reelfoot thrust or central 

segment, and the southwest segment. Each segment is assumed to generate a 

deterministic magnitude 7.7 (Mw7.7) earthquake caused by a rupture over the entire 

length of the segment. US Geological Survey (USGS) approved the employed magnitude 

and hazard approach. The combined rupture of all three segments simultaneously is 

designed to approximate the sequential rupture of all three segments over time. The 

magnitude of Mw7.7 is retained for the combined rupture. Full liquefaction susceptibility 

maps for the entire region have been developed and are used in this study. 

 

Inventory is enhanced through the use of the Homeland Security Infrastructure Program 

(HSIP) 2007 and 2008 Gold Datasets (NGA Office of America, 2007). These datasets 

contain various types of critical infrastructure that are key inventory components for 

earthquake impact assessment. Transportation and utility facility inventories are 

improved while regional natural gas and oil pipelines are added to the inventory, 

alongside high potential loss facility inventories. The National Bridge Inventory (NBI, 

2008) and other state and independent data sources are utilized to improve the inventory. 

New fragility functions derived by the MAE Center are employed in this study for both 

buildings and bridges providing more regionally-applicable estimations of damage for 

these infrastructure components. Default fragility values are used to determine damage 

likelihoods for all other infrastructure components.  
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The study reports new analysis using MAE Center-developed transportation network 

flow models that estimate changes in traffic flow and travel time due to earthquake 

damage. Utility network modeling was also undertaken to provide damage estimates for 

facilities and pipelines. An approximate flood risk model was assembled to identify areas 

that are likely to be flooded as a result of dam or levee failure. Social vulnerability 

identifies portions of the eight-state study region that are especially vulnerable due to 

various factors such as age, income, disability, and language proficiency. Social impact 

models include estimates of displaced and shelter-seeking populations as well as 

commodities and medical requirements. Lastly, search and rescue requirements quantify 

the number of teams and personnel required to clear debris and search for trapped victims.  

 

The results indicate that Tennessee, Arkansas, and Missouri are most severely impacted. 

Illinois and Kentucky are also impacted, though not as severely as the previous three 

states. Nearly 715,000 buildings are damaged in the eight-state study region. About 

42,000 search and rescue personnel working in 1,500 teams are required to respond to 

the earthquakes. Damage to critical infrastructure (essential facilities, transportation and 

utility lifelines) is substantial in the 140 impacted counties near the rupture zone, 

including 3,500 damaged bridges and nearly 425,000 breaks and leaks to both local 

and interstate pipelines. Approximately 2.6 million households are without power after 

the earthquake. Nearly 86,000 injuries and fatalities result from damage to 

infrastructure. Nearly 130 hospitals are damaged and most are located in the impacted 

counties near the rupture zone. There is extensive damage and substantial travel delays in 

both Memphis, Tennessee, and St. Louis, Missouri, thus hampering search and rescue as 

well as evacuation. Moreover roughly 15 major bridges are unusable. Three days after 

the earthquake, 7.2 million people are still displaced and 2 million people seek 

temporary shelter. Direct economic losses for the eight states total nearly $300 billion, 

while indirect losses may be at least twice this amount. 

 

The contents of this report provide the various assumptions used to arrive at the impact 

estimates, detailed background on the above quantitative consequences, and a breakdown 

of the figures per sector at the FEMA region and state levels. The information is 

presented in a manner suitable for personnel and agencies responsible for establishing 

response plans based on likely impacts of plausible earthquakes in the central USA. 
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Introduction 
 

Catastrophic events, particularly natural disasters, have had devastating consequences on 

society not only in terms of damaged infrastructure but also in terms of impacts on 

citizens and economic stability in the affected region. Current initiatives by the Federal 

Emergency Management Agency (FEMA) seek to plan for potential natural disasters in 

an effort to minimize its negative impacts. The development of a response plan requires 

emergency managers to understand the potential impacts in terms of location, direct and 

secondary consequences, the needs of society both short- and long-term, as well as 

economic ramifications. Analytical impact assessments for natural disasters provide the 

potential to inform emergency managers and support the development of appropriate and 

effective response plans for catastrophic events. Furthermore, the disaster operations 

community finds great value in the analytical impact assessment results to gain 

situational awareness prior to on-the-ground reports. Such prior preparedness permits the 

rapid deployment of resources to heavily impacted areas.  

 

In the case of analytical earthquake impact assessment, models and data are used to 

provide estimates of damage to infrastructure and network performance, as well as 

secondary damage due to cascading affects, social impacts and uncertainty 

quantifications. The three primary components required for analytical impact modeling 

are: hazard, inventory, and fragility. Hazard describes the intensity of ground shaking 

and ground deformation caused by an earthquake. The inventory utilized in an impact 

assessment model is characterized by a database of all assets in the region of interest. 

Numerous types of infrastructure are included in the inventory, as well as the population 

demographics of the region. Fragility relationships relate the intensity of ground shaking 

(hazard), or in some cases ground deformation, to the likelihood of different damage 

levels inflicted on various types of infrastructure. The outcome of the analytical model 

drives all other consequence algorithms for social impact, response requirements, 

cascading effects, and network analysis. Social impact models address numbers of 

displaced individuals and shelter population requirements, as well as their commodity 

and medical needs. Response requirements include search and rescue needs for impacted 

areas. Cascading effects address potential flood risk from damage to dams and levees. 

Network models provide estimates of post-event network performance in terms of road 

network congestion and travel time, as well as utility network damage and expected 

repair effort. Uncertainty quantification, undertaken for the first time in large-scale 

earthquake impact assessment, focuses on assigning ranges of impact values to 

infrastructure damage and economic loss parameters determined during primary 

modeling. The quantified levels of uncertainty are important for emergency management 

so that decisions can be facilitated by estimating the level of risk associated with assigned 

response and recovery effort. A combination of all these models produces a broad range 

of results, all of which are based on the most current and scientifically-defensible models 

and input information in an effort to assist local, state, regional, and national emergency 

managers and disaster operations personnel in their efforts to plan for response and 

recovery following major earthquakes. 
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The earthquake impact assessment presented in this report employs two analytical 

platforms, HAZUS (FEMA, 2008) and MAEviz (MAEC, 2009). HAZUS is a nationally 

applicable, analytical impact assessment software package that estimates impacts to 

numerous types of infrastructure, as well as society and the economy. MAEviz is the 

impact assessment software package developed by the Mid-America Earthquake Center 

and funded by the National Science Foundation. The program was developed jointly with 

the National Center for Supercomputing Applications at the University of Illinois and is 

described later in this report. 
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Model Overview and Component Characteristics 
 

Regional Seismicity 

 

Though not typically considered a seismically active region, numerous earthquakes occur 

in the Central US every year, primarily due to the activity of the New Madrid Seismic 

Zone (NMSZ) and the Wabash Valley Seismic Zone (WVSZ). The NMSZ stretches from 

northeast Arkansas to southern Illinois, passing through Missouri, western Tennessee, 

and western Kentucky. The New Madrid earthquake series that occurred in 1811 and 

1812 includes some of the largest earthquakes in U.S. history, with estimated main shock 

moment magnitudes of 7 to 8 and several hundreds of aftershocks. According to the 

United States Geological Survey (USGS), the perception of strong shaking during this 

earthquake series was estimated to be two to three times larger than the 1964 Alaska 

earthquake and about 10 times larger than the 1906 San Francisco earthquake (USGS, 

2009a). The seismic history of the NMSZ, however, precedes the 1811-1812 earthquake 

series. An increased number of geologic investigations since the 1970s have helped 

define historic seismic activity in the Central US. In addition to geological features, 

archeological evidence, such as the evidence obtained by Tuttle and Schweig (1995), 

verifies the occurrence of prehistoric earthquakes in the NMSZ from liquefaction feature 

studies focused on sand blows. A series of major earthquakes with moment magnitude 

equal to or greater than 7, including the 1811-1812 series, have occurred through a period 

of approximately 2,400 years, with intervals of 400 to 1,200 years (USGS, 2007). 

 

As mentioned above, there is earthquake activity nucleating from the Wabash Valley 

Seismic Zone (WVSZ) located along the Wabash River between southeastern Illinois and 

Indiana. Geological evidence shows seismic activity of more than 20,000 years in that 

portion of the country. Though the magnitudes do not reach the maximum values of 

NMSZ events, it is evident that this fault poses a high risk of damage with magnitudes 

that could reach up to 7. The Wabash Valley Fault produced an earthquake as recently as 

April 2008, when a magnitude 5.2 earthquake occurred near Mt. Carmel, Illinois. 
 

Structural damage was not significant during the 1811-1812 NMSZ earthquake series due 

to the dearth of settlements at the time. However, significant topological changes and 

ground deformation took place, including landslides, liquefaction, ground uplift and 

collapse. If similar events were to take place in the region today, the consequences would 

be much more significant and damage would be much more severe in terms of injuries 

and fatalities, structural damage, and economic and social impacts. According to USGS 

(2007), 150 to 200 earthquakes are recorded every year in the region. Today, the area is 

highly populated and densely covered with critical infrastructure, industry, commerce and 

residences. Furthermore, damage to certain facilities such as the Memphis airport, which 

hosts the largest FedEx hub in the U.S., would cause service interruption and negatively 

affect the regional, national, and global economies. Disastrous consequences would also 

result from the interruption of oil and gas services due to severely damaged pipelines. 

Events similar to the 1811-1812 New Madrid series would be catastrophic. Therefore, it 
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is essential to accurately model and provide consequence assessment results that could be 

used to plan for and execute measures of mitigation, response and recovery on all levels.  

 

Overview of HAZUS Modeling 

 

Hazard 

 

Earthquake hazards include ground shaking and deformation, as well as ground failure, 

surface faulting, and landslides. There are several methods available to define earthquake 

hazard. At a minimum, levels of shaking such as peak ground motion parameters or peak 

spectral values are required throughout the study region. Attenuation relationships are a 

common way to define earthquake hazard. Attenuation relationships describe the shaking 

propagation of an event from the seismic point source (epicenter) to a specific site. Other 

more advanced models include line source and area source modeling. However, in order 

to apply these more advanced models, extensive knowledge of the tectonic environment, 

mapping of fault geometry, and rupture mechanisms are required. Additional 

geotechnical features that significantly affect the earthquake hazard are soil amplification, 

especially in soft soils, liquefaction susceptibility, and the potential for landslides.  

 

In HAZUS, ground motion is defined using one of two approaches: deterministic 

scenario analysis or probabilistic scenario analysis. In the case of deterministic ground 

motion analysis, the user can specify the hazard scenario by supplying ground shaking 

information that may or may not include soil data, which is used to apply the necessary 

amplification factors and modify the standard ground motion.  

 

There are three levels of analysis in HAZUS: Level I, Level II, and Level III. Level I 

analysis uses HAZUS default settings without any improvements. Level II analysis 

allows for additional user-specified improvements, such as advanced source mechanism 

modeling (line source, area source), liquefaction susceptibility, as well as inventory and 

fragility updates. Level III involves advanced analysis, which also requires extensive 

effort and enormous time requirements. In the case of a Level III analysis, HAZUS 

models are modified to fit specific geographic locations, particularly economic factors 

pertaining to infrastructure value and loss. Additional models are also used to address 

impacts beyond the scope of the basic HAZUS program.  

 

Inventory  

 

Inventory, or assets, consists of two major groups: population and infrastructure. 

Population includes demographic data, specifically classifications regarding age, income, 

gender, etc. Infrastructure is subdivided into buildings, transportation, utilities, and other 

critical infrastructure, referred to as high potential-loss facilities, primarily. The main 

inventory categories in HAZUS are classified into general buildings, essential facilities, 

high potential-loss facilities, transportation lifelines, and utility lifelines. The general 
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building stock includes residential, commercial, industrial, agricultural, religious, 

government, and educational buildings (FEMA, 2008), while the systematic inventory 

classification utilized by HAZUS for the remainder of infrastructure inventory is shown 

below: 

 

Essential Facilities  

 Medical Care Centers Police Stations 

 Schools Fire Stations 

 Emergency Operation Centers (EOCs)  

   

High Potential-Loss Facilities  

 Nuclear Power Facilities Dams 

 Hazardous Materials Facilities Levees 

   

Transportation Lifelines  

 Airport Facilities Highway Bridges 

 Bus Facilities Railway Bridges 

 Ferry Facilities Port Facilities 

   

Utility Lifelines   

 Communication Facilities Oil Facilities 

 Electric Power Facilities Potable Water Facilities 

 Natural Gas Facilities Waste Water Facilities 

 Natural Gas Major Transmission Pipelines Oil Major Transmission Pipelines 

 

A comprehensive inventory, both in terms of accuracy and detail, significantly increases 

the reliability of an impact assessment. Information like building type, construction 

materials, and age are extremely important when assessing the level of damage resulting 

from an earthquake event. Also, additional factors such as replacement values are 

necessary to predict economic losses. HAZUS default inventory has a basic inventory 

database; however, it is necessary to improve upon the initial HAZUS-provided inventory 

with additional sources that include the latest and most advanced infrastructure data 

currently available. Unique or irregular infrastructure must also be considered during the 

loss assessment. Unique structures do not fit the generalized structure types in HAZUS, 

thus requiring independent damage assessments. This provides the opportunity to include 

structures such as high rise buildings or long-span bridges that are not as common, but 

exceedingly important nonetheless. Other critical infrastructure includes cell phone 

towers and antennas, stadiums, and historic landmarks. Furthermore, in order to reduce 

inventory uncertainty, frequent inventory updates are necessary to assure the most 

scientifically sound model components.  

 

Fragility  

 

Fragility, or vulnerability, functions relate the severity of shaking to the probability of a 

structure reaching or exceeding a specific damage limit state. A shaking intensity 

measure, such as a peak ground parameter or spectral response value, is applied to a 

fragility curve in order to estimate the probability of the given structure experiencing a 
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certain level of damage. HAZUS defines four damage levels: slight, moderate, extensive, 

and complete; therefore, there are four fragility curves for each structure type. 

Furthermore, the intensity parameter that each set of fragility curves is based on depends 

upon the structure type assessed. For example, structures with long natural periods, such 

as long span bridges, are generally more sensitive to long-period spectral acceleration or 

displacement due to liquefaction. Intensity measures may include permanent ground 

displacement or long-period spectral values. Conversely, structures with short periods of 

vibration such as low rise masonry buildings are more sensitive to acceleration, thus peak 

ground acceleration is an acceptable parameter to represent the ground shaking intensity 

parameter. 

 

The most common methods to derive fragilities can be categorized into three groups: 

observational, analytical, and hybrid. The observational method is based on professional 

experience, while the analytical method uses mathematical regression relationships to 

derive fragilities. Intuitively, the hybrid method is a combination of both analytical and 

observational methods. Many of the default fragility relationships in HAZUS are based 

on the observational method. These relationships are far less technically rigorous than 

analytical or hybrid fragilities. The use of more technically rigorous fragility relationships 

leads to more accurate assessments of structural performance and associated damage. 

Moreover, HAZUS default fragilities are applied to the entire U.S. though the 

observational data used to develop the fragilities is heavily based on California 

earthquake damage data. The resulting fragilities are applied to the entire U.S. even 

though they are not specific to the Central US; therefore, the uncertainty of default 

fragilities is high. In order to reduce the uncertainty and provide more accurate and 

structure-specific fragilities, new fragilities derived by the Mid-America Earthquake 

(MAE) Center are implemented in the earthquake impact assessment conducted in this 

study.  

 

Overview of MAEViz Modeling 

 
MAEviz is an advanced seismic loss assessment and risk management software which 
stands on the Consequence-based Risk Management (CRM) methodology. CRM was 
first required for the complex nature of high-consequence earthquakes in the Central U.S. 
The MAE Center has pioneered the development and application of a holistic approach 
towards seismic risk assessment and mitigation, termed Consequence-based Risk 
Management (Elnashai and Hajjar, 2006). CRM provides the philosophical and practical 
bond between the cause and effect of the disastrous event and mitigation options. 
MAEviz follows the CRM methodology using a visually-based, menu-driven system to 
generate damage estimates from scientific and engineering principles and data, test 
multiple mitigation strategies, and support modeling efforts to estimate higher level 
impacts of earthquake hazards, such as impacts on transportation networks, social, or 
economic systems.  It enables policy-makers and decision-makers to ultimately develop 
risk reduction strategies and implement mitigation actions. 
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Transportation Network Modeling  

 

The failure of transportation infrastructure following an earthquake not only hinders 

everyday activities, but also impairs the post-disaster response and recovery, resulting in 

substantial socio-economic losses and other negative social impacts. This section 

provides a general description of the transportation systems performance model for 

earthquake impact assessment. The network loss analysis (NLA) module of MAEViz, 

was developed to address the detailed modeling requirements of transportation networks 

that are not available in HAZUS. The NLA module is useful to evaluate system 

performance of transportation systems for emergency management. The results of traffic 

flow and travel delays provide useful information for emergency managers and relevant 

government agencies to develop emergency response plans for ingress and egress of 

impacted areas (e.g. disaster relief dispatch and evacuation), and to identify emergency 

routes and evaluate their performance under extreme events. 

 

The key concept of the NLA module employs traffic assignment models to evaluate the 

performance of the transportation network. This study employs widely-used static traffic 

assignment models to simulate the traffic over the network. A static model assumes the 

model parameters (e.g. traffic demand and travel cost) do not vary over time, that is, the 

model parameters are static. The static models give steady-state traffic flow in user 

(traveler) equilibrium (UE), in which no traveler in the network can unilaterally change 

routes and improve individual travel time as a result (Wardrop, 1952; Sheffi, 1985). The 

static assignment models provide a fairly accurate and efficient prediction of the average 

travel time, have been employed elsewhere and are still widely accepted by many 

transportation agencies and practitioners (Kim et al., 2008).  

 

Utility Network Modeling  

 

The Interdependent Network Analysis (INA) tool provided in MAEViz is employed to 

provide utility system performance estimates in addition to seismic damage estimations 

provided by other models and software packages. The analysis addresses lifeline utility 

service changes that result from an earthquake, as well as damage of interdependent 

networks, and flow reductions following an earthquake. Rinaldi et al. (2001) defined 

network dependency as a linkage between two systems, through which the state of one is 

influenced by the other.  

 

The INA tool combines inventory, hazard, and fragility parameters to determine the 

structural impact of earthquakes on topologically modeled utility lifeline systems. The 

damage assessment obtained from the structural model is then used for the determination 

of failed components in the network of the topological model. Network performance is 

assessed via two performance measures obtained from the interdependency model, 

utilizing Monte Carlo Simulations. The measures are applied to quantify the estimated 

loss of connectivity within the network, and the reduction in the network flow reaching 

the demand locations. The INA model is the result of past MAE Center research on 
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interdependent utility network modeling and is based on algorithms developed by 

Duenas-Osorio (2005) and Kim (2007).   

 

The results may be used directly to determine physical damage to the utility networks or 

they can be interpreted along with various other parameters to improve resilience of 

network systems, retrofitting of components to prevent major damage and disruptions, 

and estimating the repair effort and necessary resources for repairing. Additionally, 

impacts to the utility networks are vital components of earthquake response planning and 

provide necessary data for emergency managers.  

 

Modeling Components and Characteristics 

 

Hazard 

 

Building upon previous hazard data in the region, additional substantial improvements 

pertaining to ground motion definition are implemented in this study. The Central United 

States Earthquake Consortium (CUSEC) State Geologists created a regionally 

comprehensive set of soil maps for the eight states included in this impact assessment 

study. New maps include extensive characterizations of soil site class based on the 

National Earthquake Hazard Reduction Program (NEHRP) soil classification scheme and 

liquefaction susceptibility maps based on the procedure outlined in Youd and Perkins 

(1978). Each of the eight state geological surveys produced its own state maps detailing 

soil site class and liquefaction susceptibility which were subsequently compiled into a 

single regional map.  

 

The soil site class map development process followed the procedures outlined in the 

NEHRP provisions (Building Seismic Safety Council, 2004) and the 2003 International 

Building Codes (International Code Council, 2002). The map development initiated with 

the identification of liquefiable soils, thin soils, and thick soft soils. In order to identify 

liquefiable soils (Site Class F), thick soft soils (Site Class E), and thin soils several 

requirements needed to be satisfied. CUSEC State Geologists used the entire column of 

soil material down to bedrock and did not include any bedrock in the calculation of the 

average shear wave velocity for the column, since it is the soil column and the difference 

in shear wave velocity of the soils in comparison to the bedrock which influences much 

of the amplification (CUSEC, 2008). Using these procedures along with Fullerton et al. 

(2003), soil site class maps were produced for the eight states, and are shown in Figure 1.  

  

Development of the liquefaction susceptibility maps utilized the procedure outlined in 

Youd and Perkins (1978). The map created was further matched with information in 

Fullerton et al. (2003) and the additional expertise of state geologists. The new 

liquefaction map was then formatted to meet HAZUS requirements and classifications. 

Figure 2 illustrates the liquefaction susceptibility of the eight states. 
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All of the ground motion maps are intended to represent a sequential rupture of the three 

NMSZ segments, meaning that the ground motion maps represent the combined ground 

motion caused by the rupture of all three segments. The constraints of HAZUS do not 

permit the modeling of three events in sequence, thus the single, simultaneous rupture of 

all three segments is used as the best available approximation of the three segment 

sequential rupture. Figure 3 illustrates the proposed three segments of the New Madrid 

Fault utilized in the scenario event.   

 

The HAZUS computer program uses the soil site class map along with an earthquake 

magnitude and location to calculate the surface ground motions based on amplifications 

assigned to each soil site class; however, the HAZUS program does not perform the 

analysis outside a radius of 200 km from the earthquake source. This poses a significant 

problem as the affected region is much larger. As a solution, the CUSEC State Geologists 

soil site class map was incorporated into new ground motion maps developed by Chris 

Cramer which followed procedures in Cramer (2006). The ground motion was 

horizontally propagated through the rock layer and vertically propagated through soil 

layers above the bedrock. The ground motion maps were developed for a Mw7.7 

earthquake. Figure 4 thru Figure 7 illustrate the hazard maps used in this study. Extensive 

calculations provided ground motion values, which account for soil amplification, at 

many grid points throughout the eight-state study region.  

 

 
Figure 1: Soil Site Class Map (CUSEC, 2008) 
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Figure 2: NMSZ Liquefaction Susceptibility (CUSEC, 2008) 

 

 
Figure 3: Proposed Segments of New Madrid Fault 
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Figure 4: NMSZ Scenario Event - Peak Ground Acceleration 

 

 
Figure 5: NMSZ Scenario Event - Peak Ground Velocity 
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Figure 6: NMSZ Scenario Event - Spectral Acceleration at 0.3 Sec. 

 

 
Figure 7: NMSZ Scenario Event - Spectral Acceleration at 1.0 Sec. 
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Inventory  

 

Two major categories of inventory, or regional assets, are required to perform an 

analytical earthquake impact assessment, namely infrastructure and population 

characterizations. Population data includes the overall population as well as demographic 

groups which are delineated based on income, ethnicity, age, education, visitors and 

several other categories. Population demographic data is provided by HAZUS and 

includes data from the year 2000 census (FEMA, 2008). This baseline data is utilized in 

all assessments of NMSZ impacts. Figure 8 illustrates the population distribution from 

the year 2000 census that is used in this study.  

 

 
Figure 8: Total Population of Eight-State Region Based on Year 2000 Census Data 

 

The HAZUS software also provides baseline data for various infrastructure, though this 

data is updated substantially to improve the accuracy of impact assessments. There are 

two primary methods used to represent infrastructure in HAZUS, aggregated data and 

point-wise data. Aggregated data provides structure totals at a specified level of 

granularity which is typically the census-tract level. All general buildings and local 

pipeline distribution networks use this form of data representation. General buildings 

include residential, commercial, industrial, education, government, agriculture, and 

religious use groups. Buildings are also divided into structure types: wood, steel, cast-in-

place concrete, precast concrete, reinforced masonry, unreinforced masonry, and 

manufactured housing. Local distribution pipelines are quantified for potable water, 

waste water, and natural gas networks. These types of inventory are not updated due to 

the complexity of updates required and the limited amount of time available to acquire 
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and implement the needed information. Thus, all aggregated infrastructure types utilize 

HAZUS baseline data from the MR3 release (FEMA, 2008).  

 

Point-wise infrastructure inventory is employed for critical infrastructure, namely 

essential facilities, transportation lifelines, utility lifelines and other high-potential loss 

facilities. Numerous datasets are available to augment the baseline critical infrastructure 

data in HAZUS and many are utilized to improve the inventory characterization within 

the study region. Specific types of critical infrastructure that are improved include: 

 

Essential Facilities  

 Medical Care Centers Police Stations 

 Schools Fire Stations 

 Emergency Operation Centers (EOCs)  

   

High Potential-Loss Facilities  

 Nuclear Power Facilities Dams 

 Hazardous Materials Facilities Levees 

   

Transportation Lifelines  

 Highway Bridges and Roads Railway Bridges, Tracks, and Facilities 

 Airport Facilities Bus Facilities 

 Port Facilities Ferry Facilities 

   

Utility Lifelines   

 Communication Facilities Potable Water Facilities 

 Electric Power Facilities Waste Water Facilities 

 Natural Gas Facilities and Interstate Pipelines Oil Facilities and Interstate Pipelines 

 

Improvements to these critical infrastructure datasets employ data from national and state 

datasets as well as independent searches conducted by the MAE Center. National datasets 

include the Homeland Security Infrastructure Program (HSIP) Gold Datasets from both 

2007 and 2008 (NGA, 2007 & 2008), the National Bridge Inventory (NBI) from 2008 

(US Dept. of Transportation, 2008), and US Army Corps of Engineers Levee Data 

acquired by the MAE Center in 2008. The HSIP data includes more than 200 datasets for 

various types of infrastructure while the NBI and US Army Corps data only refers to 

bridge and levee data, respectively. Some state-specific data is also used, namely in 

Illinois and Indiana. A previous impact assessment project at the MAE Center cataloged 

essential facilities in southern Illinois and these facilities are added to the inventory for 

the state. Additionally, extensive datasets were compiled by the POLIS Center at Purdue 

University for the State of Indiana. Most types of critical infrastructure were included in 

this study and thus incorporated in this impact assessment project. Lastly, MAE Center 

independent searches are used to identify major river crossings in the study region. A 

total of 127 major river crossings are identified on the Arkansas, Illinois, Ohio, 

Mississippi, and Missouri Rivers within the eight-state study region. Various sources are 

utilized to develop this set of bridges.  

 

The incorporation of numerous datasets presents challenges when attempting to develop a 

single, comprehensive dataset for the study region, specifically eliminating duplicate data. 
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In many cases, several datasets, including the HAZUS baseline data, share many 

common facilities though the geo-spatial data used to locate these facilities differ slightly 

in each dataset. These small differences necessitate a location-based filter which is 

offered in geographic information systems (GIS) software. When location, or coordinate, 

differences are larger other metadata is used to filter the datasets. Such metadata include 

facility name and street address. All efforts are made to remove duplicate facilities in the 

short timeframe allowed by this project.  

 
Table 1: Inventory Statistics for FEMA Regional Impact Assessments 

Essential Facilities

Hospitals 1,074 2,825 1,751

Schools 18,455 20,291 1,836

Fire Stations 5,032 10,346 5,314

Police Stations 3,982 4,480 498

Emergency Operation Centers 353 1,182 829

Essential Facilties Total 28,896 39,124 10,228

Transportation Facilities

Highway Bridges 104,048 165,771 61,723

Highway Tunnels 11 11 0

Railway Bridges 1,663 1,888 225

Railway Facilities 990 1,118 128

Railway Tunnel 2 72 70

Bus Facilities 310 405 95

Port Facilities 1,738 1,904 166

Ferry Facilities 6 52 46

Airports 2,435 3,773 1,338

Light Rail Facilities 0 537 537

Light Rail Bridges 38 38 0

Transportation Facilities Total 111,241 175,569 64,328

Utility Facilities

Communication Facilities 3,160 145,722 142,562

Electric Power Facilities 554 10,893 10,339

Natural Gas Facilities 464 34,339 33,875

Oil Facilities 138 89,621 89,483

Potable Water Facilities 918 1,195 277

Waste Water Facilities 4,518 48,430 43,912

Utility Facilities Total 9,752 330,200 320,448

High Potential-Loss Facilities

Dams 15,098 17,573 2,475

Hazardous Materials Facilities 20,153 39,939 19,786

Levees 0 1,326 1,326

Nuclear Power Facilities 15 25 10

High Potential-Loss Facilities Total 35,266 58,863 23,597

Total Number of Facilities 185,155 603,756 418,601

Infrastructure Category

Baseline 

Inventory     

(Project Yr. 1)

Regional Modeling 

Inventory             

(Project Yr. 3)

Additional 

Infrastructure 

from Baseline

 
 

Substantial improvements are made in the characterization of infrastructure inventory in 

the study region through the incorporation of the aforementioned data. Baseline HAZUS 

inventory includes roughly 185,000 critical facilities and upon completion of all 

inventory improvements for the FEMA Regional Workshop analysis there are over 

600,000 critical facilities. Several infrastructure types show significantly improved 

infrastructure characterizations. Infrastructure types showing the greatest improvements 

are utility facilities, though some transportation and high potential-loss facilities show 

substantial increases in facility counts. Specifically, over 140,000 communication 
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facilities are added, plus nearly 34,000 natural gas facilities, nearly 90,000 oil facilities, 

and 44,000 waste water facilities. Furthermore, almost 62,000 bridges and 20,000 

hazardous materials facilities are added. More moderate improvements are made to 

essential facilities and many other transportation facility datasets. Overall, however, the 

updates to regional inventory over the entire course of the impact assessment project are 

substantial and greatly improve the accuracy and reliability of the impact assessment 

results.  Table 1 details the initial and final inventory counts for critical infrastructure in 

the eight-state study region. 

 

An independent inventory collection process was also undertaken for the transportation 

network modeling in MAEViz. The road network data for the two metropolitan areas of 

St. Louis, Missouri, and Memphis, Tennessee, include locations of nodes and links, road 

characteristics, and travel demand are all collected from the local metropolitan planning 

organizations (MPOs) (i.e., the East-West Gateway Council of Governments at St. Louis, 

MO, and the Memphis Urban Area MPO at Memphis, TN). The road network databases 

contain over 100 fields with descriptive characteristics for each link that are used to 

estimate capacity and speed setting for traffic modeling.  

 

The East-West Gateway Council of Governments (EWGCOG) consists of the City of St. 

Louis, and also Franklin, Jefferson, St. Charles, and St. Louis Counties in Missouri, and 

Madison, Monroe, and St. Clair Counties in Illinois. The Memphis Urban Area MPO 

consists of Shelby, Fayette, and Tipton Counties in Tennessee, as well as Desoto and 

Marshall Counties in Mississippi. The road network database and the associated travel 

demand are extracted from the 2004 highway network model from the Memphis MPO. 

The St. Louis MPO road network and travel demand are extracted from the 2002 loaded 

highway network product from the EWGCOGôs TransEval transportation model.  

 

Utility network models also require additional inventory investigations. As with 

transportation network modeling, advanced utility network modeling is completed for St. 

Louis and Memphis only, since these are the two primary metropolitan areas significantly 

impacted by a NMSZ event. Water network data was obtained from The City of St. Louis 

Water Division. The MAE Center was not permitted to retain any of the inventory data, 

so researchers completed all analyses at the St. Louis Water Division headquarters. The 

aforementioned HSIP 2008 data provided the basis for electric power network data in the 

St. Louis area.  

 

St. Louis Natural Gas data was provided by Laclede Gas Company. Due to the 

confidential nature of this proprietary data, the MAE Center is not in a position to display 

the pipeline inventory, though results are included in subsequent sections and are 

represented in an aggregated form. All data for Memphis, Tennessee, utility network 

analyses was obtained from Memphis Light, Gas, and Water (MLGW). Network datasets 

included natural gas, potable water and sewage pipelines as well as electric network data.  

 

 

 

Fragility  
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Several types of fragility relationships are improved in this Central US earthquake impact 

assessment and reflect the unique demand, capacity, or both, of infrastructure in this 

region. New fragilities are incorporated for all 36 building types and as well as all 

HAZUS bridge types applicable in the Central US.  

 

Fragility Relationships for Buildings 

 

A new way to derive fragilities is used to improve upon the HAZUS default fragility 

functions. The methodology employed to develop the new building fragilities allows for a 

more accurate damage assessment and was used to derive sets of fragility curves for all 

building types. The HAZUS fragility derivation methodology developed by Genctürk 

(2007) consists of three main components: capacity, demand, and methodology.  

 

The capacity of structures is defined by yield and ultimate points and is represented 

through either analytical or expert opinion pushover curves. Demand refers to the 

earthquake event a structure is subjected to and represented earthquake ground motions. 

HAZUS provides default capacity and demand curves for all infrastructure types, though 

the demand curves are adjusted to represent Central US event during the development of 

new building fragilities. Also, HAZUS default capacity curves were used to generate new 

building fragilities. With regard to demand, synthetic records are often used in the 

Central US for large magnitude earthquakes due to lack of adequate existing earthquake 

records for events with magnitudes large enough to generate catastrophic impacts. 

Synthetic, site-specific ground motions were generated in order to capture site-specific 

factors such as frequency distribution, duration, and site conditions (Genctürk et al., 

2008). Finally, structural assessment is completed by applying an advanced Capacity 

Spectrum Method (CSM), and fragilities are derived and presented in two different 

forms: conventional and HAZUS compatible. Only the HAZUS compatible fragility 

relationships are used in this study. 

 

Conventional fragilities differ from HAZUS fragilities in terms of intensity measures. 

The majority of conventional fragilities utilize peak ground parameters (acceleration 

[PGA], velocity [PGV], or displacement [PGD]) or spectral values to represent the 

ground shaking intensity used to determine specific damage level probabilities. HAZUS 

fragilities are presented differently. In HAZUS, the fragility relationships are expressed 

by damage state exceedance probabilities related to structural response and the only 

parameter required to derive the HAZUS compatible fragility curves is the combined 

uncertainty of capacity and demand, which is obtained through the ñconvolutionò process 

(Genctürk, 2007). The spectral displacement ground motion parameter is employed in 

HAZUS building fragility curves and thus is the basis for all new HAZUS-compatible 

fragility relationships incorporated in this study. Building demand curves for all building 

types included in the HAZUS program were not modified for these HAZUS-compatible 

fragilities, instead the HAZUS default capacity curves were employed during the creation 

of new building fragilities. Using this process, four median probabilities are obtained, 

corresponding to each damage state: slight, moderate, extensive, and complete damage. 

Subsequently, a lognormal distribution is applied to create the fragility curves.  
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Fragility Relationships for Bridges 

 

Only 19 of the 36 bridge types in HAZUS are applicable to bridges in the Central US, 

and 16 of those are updated with new fragilities specific to the study region. These 16 

HAZUS bridge types are mapped onto the five of the nine bridge types specified in 

Nielson and DesRoches (2004, 2006a, 2006b). Only five bridge types considered by 

Nielson and DesRoches correlate well with HAZUS bridge types. Some new bridge 

fragilities are applied to two HAZUS bridge types based on structural characteristics. The 

three remaining HAZUS bridges types are reserved for bridges over 500-ft. (HWB1 and 

HWB2) or all other bridges that do not fit the general bridge classes outlined in the 

Technical Manual (HWB 28). For these three bridge types, the HAZUS default fragility 

values are retained.  

 

New bridge fragility relationships consider several bridge components individually, 

unlike the HAZUS default fragility functions. Such individually analyzed components 

include columns, fixed bearings, expansion bearings, and both lateral and transverse 

abutments. Three-dimensional analytical models are created for each component in the 

bridge structure and non-linear time histories are applied to determine component 

behavior. As with building fragilities, synthetic ground motion records are used in the 

time history analysis for all bridge components. Component performance is used to 

determine the overall performance of the bridge. The capacity of the bridge system is 

compared with the demand established by the synthetic records. The combination of 

regionally-appropriate earthquake records and individual bridge component generated 

fragility curves provide the best available representation of bridge performance in the 

Central US. 

 

Transportation Network Analysis 

 

The Central US is an important ñhubò of the national transportation system. According to 

the 2002 Commodity Flow Survey by the Bureau of Transportation Statistics (BTS), 

more than 968 billion ton-miles, or about 31% of the total US commodities originate, 

pass through, or arrive in the Central US region (BTS, 2005).  

 

The greater metropolitan areas of Memphis and St. Louis are of particular significance. 

With regard to freight, the Federal Express Corporation (FedEx) worldwide headquarters 

and world hub are located in Memphis. The third largest U.S. cargo facility of the United 

Parcel Service, Inc. (UPS), and also the only UPS facility capable of processing both air 

and ground cargo, is located in Memphis (Hanson, 2007). The Memphis International 

Airport has been the worldôs busiest airport in terms of cargo traffic volume. St. Louis is 

also the home of the nationôs second-largest inland port by trip ton-miles and the nationôs 

third-largest rail center (St. Louis RCGA, n.d.).With regard to general travel, the Central 

US is home to millions of people, including two major population centers in the St. Louis 

and Memphis metropolitan areas. In order to determine impacts to the transportation 
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network in these major urban centers, the aforementioned MW7.7 scenario earthquake is 

used to estimate the damage to bridges and subsequent impact on the road network. 

 

The Memphis network consists of 12,399 nodes and 29,308 links, and travel demand of 

the network are represented by 1,605,289 origin-destination (OD) pairs (See Figure 9). 

The St. Louis network is considerably larger, containing 17,352 nodes, 40,432 links, and 

7,263,025 OD pairs (See Figure 10).  

 

Bridge information is extracted from the 2002 National Bridge Inventory (NBI) database 

from the Federal Highway Administration (FHWA). The 2002 version of the NBI 

database is compatible with the road network information provided by the local MPOs. 

Though the 2008 NBI was incorporated in the aforementioned HAZUS inventory, the 

2002 NBI must be used in the transportation model since it corresponds to the data 

provided by the MPO. In this case, using the most current NBI would hinder the 

modeling process as MPO and NBI datasets would be incompatible. From the NBI 

database, a total number of 3,095 and 615 bridges within the MPO boundaries are filtered 

in GIS for the St. Louis and Memphis MPO networks, respectively. 

 

The key components and procedures of the MAEViz Network Loss Analysis module for 

transportation network performance and system functionality assessment are presented. 

Figure 11 summarizes the major components of the overall methodological framework, 

including input data, major analysis procedures, and outputs. Three groups of input data 

are required for the model, including hazard, transportation infrastructure inventory, and 

network operations information. Hazard definition includes information on ground 

shaking and ground deformations such as those due to liquefaction and landslides. The 

bridge and network inventory consists of essential network configuration of topology, 

link properties, and bridge information. Network components are assumed to be 

independent when estimating the physical damage to bridges. The inventory, hazard, and 

damage information are integrated in the geographic information systems (GIS) and 

provide an efficient means of data manipulation and visualization. The baseline analyses 

estimate the pre-event system performance as a reference point. The post-event network 

status is determined by evaluating bridge functionalities resulting from the scenario 

earthquake. The post-event system performance with damaged bridges is assessed with 

traffic assignment models and recommendations are made based on the system 

functionality losses. Traffic modeling provides essential information on traffic flow 

changes, and travel delays that result from particular route closure due to excessive 

damage to key infrastructure elements, or from the reduced traffic carrying capacity 

because of less severe damage (e.g., lane closure for repair or imposed lower speed limit).  
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Figure 9: Memphis MPO Transportation Network 

  

 

 

 
Figure 10: Transportation Network in St. Louis Area 
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allocation, budget-effectiveness, repair cost)

 
Figure 11: Transportation Modeling Methodological Framework  

 

Utility Network Analysis  

 

In addition to the default analysis of major interstate transmission lines, structures, and 

generalized pipeline information per census tract in HAZUS, lifeline utility networks of 

St. Louis, Missouri, and Memphis, Tennessee, are assessed in detail with MAEViz. The 

two major metropolitan areas in the NMSZ (Figure 12) house populations of 2,817,000 

and 1,286,000 people, respectively, according to U.S. Census Bureau (2008). The 

MAEViz analysis covers the structural damage assessment and interdependent network 

performance analysis of the electric power, potable water, and natural gas networks in St. 

Louis and Memphis.  

  

 
Figure 12: St. Louis, MO and Memphis, TN in the New Madrid Seismic Zone 

 

The network analysis methodology suggests the examination of the network systems 

using two separate models comprised of two phases: structural analysis and 

interdependent network modeling. The network analysis phase requires the topological 

modeling of the utility networks.  
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In the structural analysis phase, structural damage estimates of network pipelines and 

network facilities caused by ground shaking and liquefaction-induced ground 

deformations are obtained via fragility relationships. Individual buried pipeline segments 

are defined by pipe material, joint type, diameter, segment length, and soil corrosivity 

information. Network facilities are defined by facility type, capacity, and availability of a 

backup power generator (for water and natural gas network facilities). Fragility curves 

and damage functions are matched to individual components based on the above 

characteristics in order to estimate the expected damage properly.  

 

The interdependent network modeling phase requires topological modeling of the lifeline 

utility networks upon the completion of initial damage estimations. Physical 

arrangements and connections of each component with other components in the network 

are defined in order to model the connectivity and flow patterns in the networks. Monte 

Carlo simulations are utilized to assess the network performance. Failures of components 

are determined probabilistically in each simulation based on the structural damage 

estimated in the first analysis. Structurally damaged or topologically isolated components 

are considered to have ófailedô and are removed from the network. A network facility 

may also be removed from the network if it relies on the operability of a failed utility 

facility in another network. Damaged networks are re-structured in each Monte Carlo 

simulation to assess the performance by applying two system-wide performance 

measures that are represented as percentages: connectivity loss (CL) and service flow 

reduction (SFR). CL quantifies the ability of every distribution node to receive flow from 

the generation nodes; whereas SFR quantifies the loss in supply that cannot meet the 

demand at distribution nodes (Kim et al., 2007). The latter indicates system capacity and 

the effect of the earthquake on the end users.  

 

Threshold Values 

 

The Mississippi River divides the Central US into two parts, namely the eastern and 

western parts. There are many different long-span bridges, major dams, and levees built 

on this river and other major rivers in the Central US. Moreover, thousands of storage 

tanks that frequently hold hazardous materials are located in cities and towns in this part 

of the country. The Central US is considered a low probability, high consequence 

earthquake zone, which leads to the assumption that a repeat of the 1811-1812 earthquake 

series would likely generate some form of damage in these major structures. The 

infrastructure systems described above, however, are not amenable to analytical fragility 

assessments due to their diversity of types and complexity. Developing analytical 

fragility relationships for each unique infrastructure item is time-prohibitive. An 

alternative method of damage approximation is employed in the form of rapid damage 

assessment with threshold values. Threshold values are basic pass-fail values, above 

which a structure is likely damaged, and below which a structure is not likely to incur 

damage. A comparison of a threshold value and a typical fragility relationship is 

illustrated in Figure 13. 
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Figure 13: Comparison of Threshold Value and Typical Fragility Relationship 

 

This study presents a procedure for rapid damage assessment of major river crossings 

(MRCs), dams, levees, and hazardous material storage tanks. Broad classifications are 

required for rapid assessment and include six groups of MRCs, two classes of dams, a 

single levee type, and several types of storage tanks. Using peak ground acceleration 

(PGA) as the intensity measure, threshold values have been established for rapid damage 

assessment of the aforementioned infrastructure components.  

 

Previous research conducted on bridge fragility curve development and damage 

evaluation of the infrastructure systems subjected to various earthquakes has been 

reviewed extensively not only to reduce the uncertainties but also to provide a more 

realistic vulnerability assessment. The engineering judgment-based methodology that is 

used to generate the approximate threshold values is summarized in the following: 

 

 The peak ground acceleration (PGA) is used as the intensity measure since it is 

readily available from earthquake records and is already part of the scenario event 

hazard definition 

 Fragility curves (only pertaining to the infrastructure that exemplifies the 

identified infrastructure groups) are considered to minimize the uncertainties and 

provide a more realistic vulnerability assessment 

 When fragility curves are unavailable, previous research containing bridge 

damage data collected via field-surveys after earthquakes is taken into 

consideration 

 Reasonable lower bounds are defined as the threshold values for each 

infrastructure category 

 



24 

Damage limit states described in HAZUS are considered in the damage evaluation of the 

infrastructure components. Damage state definitions are primarily based on qualitative 

descriptions in HAZUS and recommendations from previous studies made by experts 

after field-survey.  

 

The classification of bridges is based on respective construction type and construction 

material, whereas dams and storage tanks are classified based on building material only, 

i.e. earth or concrete. In addition, broad classifications of storage tanks are employed 

based on the identification of common structural features. There are 127 major river 

crossings located on five major rivers in Central US (Mississippi, Missouri, Arkansas, 

Ohio, and Illinois). Some of the bridges are vertical lift or side- or center-mounted swing 

bridges. Vertical lift bridges lift without tilting to provide sufficient clearance over the 

navigation channel for marine traffic. The majority of the bridges fall into the ómultispan 

simply supported and continuous steel truss bridgesô, while most dams are classified as 

óearth and concrete gravity damsô.  

 

The values of pass-fail peak ground accelerations presented in Table 2 are ready for use 

in regional impact assessment in the Central US. The methodology is applicable to other 

situations where detailed analytical modeling approaches are not feasible. Though these 

threshold values are not as technically robust as more conventional fragility relationships 

they do provide basic estimations of damage to critical infrastructure that are extremely 

helpful for emergency planning and disaster operations.  

 
Table 2: Threshold Values for New Critical Infrastructure  

Structure Type 
Slight 

(g) 
Moderate 

(g) 
Extensive 

(g) 
Complete 

(g) 

Bridges         

Cable-Stayed & Suspension N/A 0.15 N/A N/A 

Multispan Continuous Steel Truss 0.18 0.31 0.39 0.5 

Multispan Simply Supported Steel Truss 0.2 0.33 0.47 0.61 

Multispan Continuous Steel Girder 0.18 0.31 0.39 0.5 

Multispan Simply Supported Steel Girder 0.2 0.33 0.47 0.61 

Multispan Simply Supported Concrete Girder 0.28 0.61 0.73 1 

Dams & Levees     

Earth Dams 0.5 0.63 1.25 N/A 

Concrete Gravity & Arch Dams 0.63 1.25 N/A N/A 

Levees 0.33 N/A N/A N/A 

Hazardous Materials Facilities (Tanks) 0.7 1.1 1.29 1.35 

 

Flood Risk Modeling 

 

The flood risk model utilizes the previously discussed threshold methodology to 

determine dam damage. The two categories are defined as ñdamagedò or ñnot damagedò 

and the threshold limit is based on the assumption that any dam expected to release water 

after an earthquake must incur at least a moderate level of damage which generates 

significant cracks for water seepage or substantial displacement of the structure.  
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Once the dams are classified into the two aforementioned categories, the selected flood 

risk methodology is applied to determine areas at risk. According to the selected model, 

parameters such as dam height, elevation, and maximum storage capacity can be used to 

determine the danger zones by determining a danger reach length (relevant distance that 

water travels after the dam fails) and width of the overflowing water. By combining the 

two, an area or surface is created to define a potential flood risk zone. Respective 

elevations are then assigned to each potential flood risk zone created for each damaged 

dam, based on dam elevation information. The elevation at the bottom of the dam is 

assigned as the elevation of the respective potential flood risk zone. 

 

Danger reach length is a very important parameter, since it determines how far 

downstream the flood analysis should continue, thus defining the extent of flood risk 

considered. Commonly, the height and maximum storage capacity of the dam are utilized 

to determine the danger reach length. The method implemented in this study was adapted 

from information contained in the Soil Conservation Service TSC Engineering-UD-16, 

1969 (Johnson, 1998). According to the methodology, the dam is assumed to fail at 

maximum capacity. The water height, the maximum storage capacity, and 100-year flood 

plain valley width are utilized to approximate the danger length from a derived graph.  

 

The second essential parameter in determining danger zones is the water width. First the 

breach width is established. In this analysis, the valley width is used as the initial width. 

Subsequently, a slope of 1:3 is used to progress the lateral water flow until the danger 

reach length limit is attained. The selected slope is implemented as the average of two 

slopes; a 1:2 slope used for an area populated by houses, and a 1:4 slope used for open 

areas such as roadways (Johnson, 1998). 

 

After the potential flood risk zones are drawn and respective elevations are assigned, the 

flood surfaces are intersected with a 3D elevation map of the study region, and a cut-fill 

analysis is performed to determine which areas are at risk. Based on the analysis results, 

areas from the elevation map that lie below the potential flood risk zone elevations are 

considered óat riskô. Once the areas that exhibit flood risk potential are determined, the óat 

riskô infrastructure in these areas are identified. The uncertainty of the methodology is 

significant, especially in identifying the danger zones and the pass-fail criteria that are 

implemented when determining dam damage. Future improvements to both damage and 

flood risk procedures are recommended, though the basic estimates provided by this 

methodology are extremely useful when addressing secondary hazard in the emergency 

planning and response process.  

 

Uncertainty Modeling 

 

Two independent uncertainty characterization methods are utilized in this study. Each 

method details an approach to quantify the uncertainties in impacts by examining various 

model parameters. Neither method should be considered the definitive approach to 

uncertainty characterization, but rather a sampling of model parameters and impacts to be 
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considered when determining the potential variation in impacts estimated by earthquake 

impact assessment software.   

 

Uncertainty Characterization Approach 1 

 

Due to the random nature of seismic hazards and the lack of complete knowledge or data, 

various types of uncertainties are inherent in regional seismic loss estimation. Therefore, 

the deterministic loss assessment by use of computer software such as HAZUS and 

MAEViz may cause unquantified risk of making risk-management decisions based on 

significant under- or over-estimation of the losses. As a result, it is important for regional 

loss estimation software to quantify the uncertainty for risk-informed decision making. 

However, there have been not many research efforts to quantify the uncertainties in 

regional loss estimation in a systematic manner. In this study, an efficient uncertainty 

quantification framework was developed for HAZUS loss estimation and the feasibility 

of the approach was tested by example analysis of eight states in the Central US. 

 

Regional loss estimation contains various types of uncertainties, such as: 

 

 Intrinsic randomness in seismic intensity (SI) measures such as spectral 

acceleration (Sa), peak ground acceleration (PGA), peak ground velocity (PGV) 

and peak ground displacement (PGD) 

 Uncertainty in predicting the seismic performance of structures (e.g. exceedance 

of prescribed limit states) and the number of damaged items (ND) 

 Variations of damage-related measures (DM) such as damage factors, repair cost 

ratios, and reduced traffic capacities 

 Statistical uncertainties of parameters that appear in socio-economic loss models 

 Erroneous or outdated data in inventory databases 

 Existence of multiple competing models 

 

This study, for preliminary research purposes, deals with three types of uncertainties 

only: (1) the randomness in the seismic intensity, (2) the uncertainty in the number of 

damaged items, and (3) the variations of damaged measures such as damage factors, 

repair cost ratios, and casualty ratios. The developed method quantifies the uncertainties 

propagated to three types of HAZUS regional loss measures for building stocks: number 

of damaged buildings (five damage states: none, slight, moderate, extensive, and 

complete), capital stock loss (four types), and number of displaced households. Table 3 

shows uncertainties considered for these HAZUS regional seismic loss measures.  

 

For intuitive interpretation of the results, the uncertainty in the estimated losses is 

presented by a confidence interval, which is the interval around the expectation (mean) 

value for a given level of confidence. A semi-automated computing tool was developed 

using Matlab® to import HAZUS data and to quantify the propagated uncertainties using 

the framework developed in this study. 

 

 


