Part 1, Earthquake Basics

Summary of Lesson Content


Overview

This section provides background information for Earthquake Coordinators on earthquakes, emergency management, seismic risk, and the NEHRP program


Introduction

An earthquake, like other disasters, has the potential to affect the lives of thousands in a community and the surrounding region. 
While structural damage is the most visible effect of an earthquake, a key point to remember is that earthquake effects go beyond structural damage. 



Earthquake Effects

The social and economic effects of earthquakes include: 
· Disruption of business supply chains, increases in the cost of goods and services, and declines in productivity, often causing local and regional businesses to fail or relocate. 
· Rise in insurance costs for certain types of buildings susceptible to earthquake damage; earthquake damaged buildings may also become uninsurable.
· Loss of housing options, especially for low-income residents. 
· Changes to neighborhoods, as residents often must relocate.



Causes of Earthquakes

An earthquake is caused by a sudden slip on a fault, resulting in a release of energy that travels away from the fault surface as seismic waves that we feel as shaking.  The occurrence of the slip and the shaking are both commonly called the earthquake. 



Faults

A fault is a weak zone in the Earth's crust where two sections of the crust can shift with respect to each other. 
· Normal fault movement occurs when the two pieces move away from one another, and one piece is moved vertically down the fault plane. 
· Thrust or reverse fault movement occurs when the two pieces are being pushed together, and one piece is moved up the fault plane on a slope, not vertically. 
· Strike-slip or lateral fault movement occurs when the pieces move horizontally past one another.


Vibrations

Earthquakes release energy that radiates away from the fault in the form of vibrations. 

The two main types of vibrations are: 

· Body waves, and 
· Surface waves.



Types of Vibrations: Body Waves

Body waves: 
· Travel through the Earth. 
· Are felt first after an earthquake. 
· Can be divided into: 
· Compressional waves (also called primary or p waves) travel at higher speeds. 
· Shear waves (or secondary waves) travel slower.



Types of Vibrations: Surface Waves

Surface waves: 

· Travel along the Earth's surface. 
· Travel slower than either type of body wave. 
· Have strong vibrations. 
· Cause most of the damage



Measuring Earthquakes

Seismographs record and measure vibrations produced by earthquakes as a wavy line called a seismogram.  Modern seismographs record digitally, not on paper. 

Using the data recorded as seismograms by many recording stations, the following can be determined: 
· Time the earthquake started. 
· Epicenter of the quake (where it started). 
· Focal depth. 
· Amount of energy released (related to the magnitude), and 
· Fault area. 



Measuring Severity

Earthquake severity can be measured in two main ways, by: 

· Magnitude, based on the area of the fault plane and the amount of slip.  This is one number for each earthquake that represents the size of seismic waves at a specified distance from the epicenter. 
· Intensity, based on how strong the shock is felt and the damage done at the location of interest.  There are many different intensities for each earthquake across the area over which it is felt.  The modified Mercalli scale is used to identify various intensities. 



Richter Magnitude Scale

The Richter magnitude expresses earthquake size as a magnitude in Arabic numerals and decimals. The Richter scale is logarithmic, where each increase in whole numbers represents a tenfold increase in size and an increase in energy of 33 times. 

Earthquakes with a magnitude of 2.0 or less are generally too small to be felt. Large earthquakes that have caused significant damage have measured 8.0 or larger. In the U.S., a magnitude of 5.5 or greater is capable of causing building and infrastructure damage. However, the Richter magnitude measures energy release, not damage. 



Moment Magnitude Scale

The moment magnitude scale was developed because of limitations in the Richter and other magnitude scales. The moment magnitude scale gives the most reliable estimate of earthquake size when the earthquakes are more than approximately 6.0 or are very distant from recording devices. Moment magnitude is the preferred magnitude scale. 



Modified Mercalli Intensity Scale

Modified Mercalli intensity is a measure of the intensities of an earthquake, that is, the local effect of an earthquake as felt by people and resulting damage on the Earth's surface. It is represented in Roman numerals. 

Each earthquake has several intensities across the area over which it has an effect. Under this system, an area with an intensity of I is only felt by a very few people, while a XII represents total damage in that particular area. 

The Modified Mercalli Intensity Scale quantifies the results of an earthquake at various locations. It is not a measurement of an earthquake or any of its characteristics. 



U.S. Seismicity

While earthquakes have occurred in nearly all of the 50 States and Territories, there are areas of heightened earthquake activity. Some areas of the U.S. experience moderate to severe earthquakes every 30 to 50 years, while other areas may experience these size earthquakes every 200 to 400 years.



Largest U.S. Earthquakes

Alaska has the most earthquakes of any State, and is one of the most seismically active regions of the world. The largest earthquake recorded in the U.S. was in 1964, in Prince William Sound, Alaska, with a magnitude of 9.2. 

A series of large earthquakes occurred in 1811 and 1812 in New Madrid, Missouri, the largest of which is estimated at 7.8 magnitude. 



U.S. Seismicity: Areas of Interest

The highest rates of seismic activity outside of Alaska occur in California and western Nevada. 

The USGS has identified regional priority study areas for earthquakes: 
· Northern and Southern California and Nevada

· Alaska 
· Wasatch and Intermountain West 
· New Madrid Seismic Zone 
· Eastern U.S. 
· Puerto Rico and the Virgin Islands 
· Pacific Northwest 
· Hawaii (where volcanism is the focus) 



Seismic Hazards

Seismic hazards are effects of an earthquake that may affect the normal activities of people. 

This includes: 
· Surface faulting. 
· Ground shaking. 
· Landslides. 
· Liquefaction, where water-saturated ground acts as a fluid. 
· Tectonic (rock) deformation. 
· Subsidence. 
· Lateral spreading. 
· Tsunamis. 
· Seiches, movement of a closed body of water, such as a lake, swimming pool, or fuel storage tank. 
· Volcanoes. 
· Delta failure. 



Seismic Risk

Seismic risk refers to the susceptibility of people, buildings, infrastructure, and socioeconomic systems to the disruptions, damage, and death resulting from all of the likely earthquakes on faults affecting any specific area.



Emergency Management Basics
Emergency management is an organized, four-phase process by which communities: 
· Prepare for hazards that cannot be prevented, or mitigated. 
· Respond to emergencies that occur. 
· Recover from emergencies to restore the community to its pre-emergency condition. 
· Mitigate risks by reducing or eliminating damage and disruption from future disasters. 

The degree to which emergency management is effective depends heavily on the emergency planning process. 



Preparedness

Preparedness ensures that if a disaster occurs, people are ready to get through it safely, and respond to it effectively. 

Preparedness means figuring out what a community, business, or family will do if essential services break down, developing a plan for contingencies, and practicing the plan. An Emergency Operations Plan (EOP) tells: 
· How they will respond to an emergency. 
· What steps they will take to recover from an emergency. 

An EOP should be comprehensive, risk-based, and address all hazards, including earthquakes. 



Response

The next phase is Response. Response begins as soon as a disaster threatens or is detected. 

This phase involves mobilizing and positioning emergency equipment and personnel; getting people out of danger; providing needed food, water, shelter, and medical services; and bringing damaged services and systems back on line. Local responders, government agencies, and private organizations take action. Sometimes the destruction goes beyond local and State capabilities. That's when Federal help is needed as well. 



Recovery

Recovery is the task of rebuilding after a disaster. This process can take months, even years, and involves the public and private sectors working together. 

Services and infrastructure, facilities and operations, as well as the lives and livelihoods of many thousands of people may be affected. 



Mitigation

Hazard Mitigation means any action taken to reduce or eliminate the long-term risk to human life and property from natural hazards. 

Mitigation is the cornerstone of emergency management. 

It's the ongoing effort to lessen the impact disasters have on people's lives and property through damage reduction or prevention and flood and other hazard insurance. 



Mitigation Measures

The impact on lives and communities is lessened through measures such as:

· Engineering buildings and infrastructures to withstand earthquakes. 
· Adopting and enforcing effective state-of-the-art building codes to protect property from earthquakes, floods, hurricanes, and other hazards. 
· Retrofitting existing buildings and infrastructure to reduce damages. 
· Building safely within the floodplain or other hazardous areas. 
· Removing buildings from especially hazardous areas (where mitigation techniques are too costly or too disruptive). 



NEHRP Basics

The National Earthquake Hazards Reduction Program (NEHRP) has four basic goals directly related to the mitigation of hazards caused by earthquake: 

1. Develop effective practices and policies for earthquake loss-reduction and accelerate their implementation. 

2. Improve techniques to reduce seismic vulnerability of facilities and systems. 

3. Improve seismic hazard identification and risk assessment methods and their use. 

4. Improve the understanding of earthquakes and their effects. 



NEHRP Agencies

The NEHRP member agencies are: 
· FEMA 
· National Institute of Standards and Technology (NIST) 
· National Science Foundation (NSF) 
· U.S. Geological Survey (USGS). 



NEHRP Cooperation

The four NEHRP agencies coordinate to carry out post-earthquake investigations in the following ways: 
· Within a few minutes after an earthquake, implementation of the plan begins with an incident report by the USGS to personnel designated by the NEHRP agencies. 
· Immediately after a significant earthquake, the USGS and FEMA alert emergency management agencies about plan implementation. 
· In the days after a significant earthquake, NIST examines the relevant factors associated with building failures. 
· A month or two after an earthquake, NSF and the USGS host a workshop to evaluate short- and long-term research opportunities and follow-up investigations. 
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