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Chapter 10: 
Earth Hazards of the 

Northwest Central US
Natural hazards or earth hazards are events or processes that have significant 
impacts on human beings and the environment. Extreme weather conditions 
or geologic activity can cause substantial short-term or long-term changes to 
our environment. These changes can influence many aspects of the world 
around us, including crops, homes, infrastructure, and the atmosphere. The 
4.6-billion-year-old Earth has experienced many naturally generated hazards, 
while other events are byproducts of human activities, created during mineral 
and energy extraction or in construction practices that modify the landscape.  

The Northwest Central is subject to a variety of earth hazards. Weather hazards 
such as tornados, thunderstorms, and winter storms are particularly common in 
the Central Lowland and Great Plains, thanks to the unobstructed movement 
of air masses over areas of low topographic relief. The Rocky Mountains are 
susceptible to extreme winter weather such as heavy snow, blizzards, and high 
winds. Flooding can occur in areas of low elevation, including low-lying glacially 
sculpted terrain. Geological hazards, including avalanches, earthquakes, 
landslides, and rockfalls, are also common throughout the Northwest Central, 
especially in areas with rugged, mountainous terrain. The Columbia Plateau 
is susceptible to volcanic material produced by the Cascade Volcanoes to the 
west, and igneous activity associated with the Yellowstone hot spot has made 
its mark upon the surrounding land.

Earthquakes
Earthquakes occur when a critical amount of stress is applied to the Earth’s 
crust and the crust responds by moving. According to the elastic rebound 
theory, rocks can bend elastically up to a point, until they finally break. The 
rocks then snap apart, releasing energy in the form of seismic waves (Figure 
10.1). The plane defined by the rupture is known as a fault, and the surrounding 
rock layers become offset along it.

Many earthquakes, including most of those that occur in the Northwest 
Central US, arise along pre-existing faults. In cases such as these, stress may 
accumulate from lateral compressive pressure, as the rocks are temporarily 
locked in position by friction and other constraints, until sufficient strain energy 
has built up to cause sudden slippage along the fault (i.e., an earthquake).

There are two common ways to measure the size of earthquakes: magnitude 
and intensity. Magnitude (M) is the measure of the energy released by the 
earthquake, whereas the intensity is what people actually experience. The 
first scale used to measure magnitude was the Richter scale (abbreviated 
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weather •  the measure 
of short-term conditions of 
the atmosphere such as 
temperature, wind speed, and 
humidity.

atmosphere •  a layer of 
gases surrounding a planet.

energy •  the power derived 
from the use of physical or 
chemical resources.

topography •  the landscape 
of an area, including the 
presence or absence of hills 
and the slopes between high 
and low areas.

relief • the change in elevation 
over a distance.

hot spot •  a volcanic 
region thought to be fed by 
underlying mantle that is 
anomalously hot compared 
with the mantle elsewhere.
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ML), which measures the amplitude of a seismic wave at a defined distance 
from the source of the earthquake. The Richter scale was designed to classify 
earthquakes at a local scale, but it does not do a very good job of describing the 
energy released by very large earthquakes. Geologists therefore developed 
another measurement, the Moment Magnitude scale (abbreviated Mw), which 
was introduced in 1979. The Moment Magnitude estimates the total energy 
released by an earthquake along an entire fault surface.

Both the Richter and Moment Magnitude scales are logarithmic, meaning that 
an M9.0 earthquake has 10 times the amplitude, and releases 32 times the 
energy, of an M8.0 earthquake. accordingly, an M9.0 earth quake would have 
100 times the amplitude and 1024 times the energy of an M7.0 earthquake. 

Both scales may appear to reach maximum values of 10 (since the largest 
recorded earthquakes are slightly greater than 9), but technically there is no 
upper limit. The United States Geological Survey (USGS) describes earthquakes 
as minor (M3.0–3.9), light (M4.0–4.9), moderate (M5.0–5.9), strong (M6.0–6.9), 
major (M7.0–7.9) and great (M8.0 or higher). The largest recorded earthquake 
in US history was the 1964 alaskan earthquake, which had an Mw of 9.2. By 
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Figure 10.1: Elastic rebound.
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comparison, the largest recorded earthquake in the Northwest Central occurred 
in 1959 at hebgen Lake, Montana (M7.3), near Yellowstone National Park.

Notable Earthquakes of the Northwest Central States
Date Location Mw

08-18-1959 hebgen Lake, Montana M7.3
10-28-1983 Borah Peak, Idaho M6.9
06-28-1925 Clarkston Valley, Montana M6.6
10-19-1935 helena, Montana M6.3
11-23-1947 Madison County, Montana M6.3
03-28-1975 Malad City, Idaho M6.2
07-12-1944 Sheep Mountain, Idaho M6.1
06-30-1975 Yellowstone National Park, Wyoming M6.1
05-16-1909 Dickinson, North Dakota M5.5
03-28-1964 Merriman, Nebraska M5.1

The magnitude of an earthquake, however, does not tell us how much damage 
it causes. The amount of shaking and damage is known as the earthquake’s 
intensity, and it can be measured by the Modified Mercalli Intensity (MMI) 
scale. This scale uses the Roman numerals I–XII to describe the effects of the 
earthquake in a particular location. For example, near the epicenter of a small 
earthquake, or at a location far from a large earthquake, the intensity may be 
described with an MMI of II: “Felt only by a few persons at rest, especially on the 
upper floors of buildings. Delicately suspended objects may swing.” Unlike the 
Moment Magnitude scale, the MMI scale is a subjective gauge, and the USGS 
has attempted to improve the accuracy of MMI shake maps by soliciting data 
from the public. Figure 10.2 shows the intensities felt in surrounding areas after 
the 1983 Earthquake at Borah Peak, Idaho, which is the largest earthquake 
known to have occurred in the state.

The Rocky Mountain and Columbia Plateau regions of the Northwest Central, 
including western Montana, northwestern Wyoming, and most of Idaho, 
compose one of the most seismically active areas in the United States (Figure 
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The 1964 Alaskan earthquake and the 1906 San Francisco 
earthquake had roughly the same Richter magnitudes, 
but based on the size of the affected areas and geological 
movement, the Alaskan earthquake clearly released more 
energy than the San Francisco earthquake did. Geologists 
recalculated the magnitudes of these major quakes using 
the Moment Magnitude scale: the 1964 Alaskan earthquake, 
which originally had an ML of 8.3, was found to have had 
an Mw of 9.2, whereas the 1906 San Francisco earthquake 
had ML of 8.3 and an Mw of 7.9. 

intensity • a subjective 
measurement that classifies 
the amount of shaking 
and damage done by an 
earthquake in a particular 
area.
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10.3), with as many as 3000 earthquakes occurring each year (although most 
are too small to feel). Most of these earthquakes are caused by a combination 
of two phenomena: the magmatic activity of the Yellowstone hot spot, and the 
(possibly related) tectonic activity of the Basin and Range region. The resulting 
crustal movements cause 
most earthquakes to be local-
ized in particular areas, either 
around the Yellowstone area 
or along linear seismic belts 
or zones (Figure 10.4). 

The Intermountain Seismic Belt is a major zone of earthquake activity that extends 
from the Flathead Lake region in the northwest corner of Montana, southward 
through Yellowstone Park, along the Idaho-Wyoming border, through Utah, and 
into southern Nevada. a branch of the Intermountain Seismic Belt, called the 
Centennial Tectonic Belt or Central Idaho Seismic Zone, extends west from the 
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Figure 10.2: Intensity map of the 1983 Borah Peak earthquake.

See Chapter 4: Topography 
to learn more about the 
Yellowstone hot spot and the 
Basin and Range.

magma •  molten rock located 
below the surface of the Earth.

seismic belt • a narrow 
geographic zone along which 
most earthquakes occur.

seismic zone •  a regional 
zone that encompasses areas 
prone to seismic hazards, 
such as earthquakes or 
landslides.
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Figure 10.4: Major seismic belts and zones of the Northwest Central US. 

Figure 10.3: Seismic hazard map of the Northwest Central US, based on data in 2014. 
(See TFG website for full-color version.)
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northwest corner of Yellowstone National Park through southwestern Montana 
and into central Idaho. This zone includes at least eight major active faults, and 
was the site of the two most severe earthquakes in the Rocky Mountains: the 
hebgen Lake and Borah Peak earthquakes (Figure 10.5). The M7.3 hebgen 
Lake earthquake, which occurred near the Montana-Wyoming Border in 1959, 
caused a major landslide that resulted in 28 fatalities as well as damming a 
river and destroying roads and buildings (Figure 10.6). The M6.9 Borah Peak 
earthquake occurred in Idaho in 1983, and caused extreme surface faulting 
as well as $12.5 million worth of damage to infrastructure in the surrounding 
Challis-Mackay area. a 34-kilometer-long (21-mile-long) fault scarp formed 
along the slopes of the Lost River Range; in other areas, the ground was 
shattered into huge blocks up to 100 meters (330 feet) in width.

A geologically distinct region called the Western Idaho Seismic Zone lies between 
McCall and Boise. It is characterized by prominent north-south-trending basins 
and ranges that contrast strikingly with the surrounding area. a complex suture 
zone between accreted terranes and the ancient North American tectonic 
plate underlies the region and may infl uence the north-south orientation of the 
Zone’s faults. Major active faults in the Western Idaho Seismic Zone include 
the Squaw Creek fault and the Long Valley fault zone, which is notable for 
earthquake swarms. During a swarm, thousands of small shallow earthquakes 
occur over several weeks to months within a relatively small region. 

The Lewis and Clark Zone is a megashear in the Earth’s crust, up to 48 
kilometers (30 miles) wide, which runs some 386 kilometers (240 miles) through 
north Idaho and northwestern Montana. Geologic studies have shown that the 
North American plate has been sheared along this zone repeatedly over the 
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Figure 10.5: Earthquake occurrences in the Central Idaho Seismic Zone and Western Idaho 
Seismic Zone between 1973 and 2009. Earthquake epicenters are shown in red. The locations of 
Borah Peak and Hebgen Lake are marked by stars. (See TFG website for full-color version.)

fault scarp • an escarpment 
directly beside a fault line, 
where the ground on one 
side of the fault has moved 
vertically with respect to the 
other side, creating step-like 
topography.

suture •  the area where two 
continental plates have joined 
together through continental 
collision.

accretion • the process by 
which a body of rock increases 
in size due to the addition of 
further sedimentary particles 
or of large chunks of land.

terrane •  a piece of crustal 
material that has broken off 
from its parent continent and 
become attached to another 
plate. 
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past billion years, meaning that the rocks have been continuously fractured 
due to compressive stress. The most obvious manifestation of the zone is a set 
of parallel valleys that follow brittle fault zones across the grain of the northern 
Rocky Mountains from helena and Missoula, Montana to Coeur d’alene, Idaho. 
These valleys provided a natural transportation corridor through the mountains 
used in part by Lewis and Clark in 1806 and the Mullan Trail of the 1850s, and 
today by Interstate 90. along the Lewis and Clark Zone in Idaho, many mining-
related seismic events, called rockbursts, have occurred. Rockbursts are spon-
taneous, violent fractures 
of rock in deep mines. The 
sizable magnitudes of these 
events, their alignment with 
the direction of horizontal 
strain, and their location 
within the Lewis and Clark 
Zone suggest that tectonic 
stress release may be 
involved in causing them.

Earthquakes have many different effects on the rocks in which they occur, 
including breaking and movement along faults, uplift, and displacement. 
Earthquakes around Yellowstone National Park have altered the area’s extensive 
hydrothermal systems and may help to keep open the fractures and conduits 
that supply hot water to the surface. For example, both the 1959 hebgen Lake 
and 1983 Borah Peak earthquakes caused measurable changes in the output 
of old Faithful geyser and other hydrothermal features. Yellowstone is one of 
the most active seismic zones in the United States, and commonly experiences 
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See Chapter 1: Geologic History 
to learn about the tectonic events 
that formed the North American 
continent and generated frac-
tures and faults.

Figure 10.6: Earthquake damage to State Highway 287 and the Hilgard Lodge near Hebgen Lake, 
Montana.

megashear • a large shear 
formed when rocks have been 
continuously fractured due to 
compressive stress.

shearing • the process by 
which compressive stress 
causes the fracturing and 
faulting of brittle rocks.

plates •  large, rigid pieces of 
the Earth’s crust and upper 
mantle, which move and 
interact with one another at 
their boundaries.

uplift •  upward movement of 
the crust due to compression, 
subduction, or mountain 
building.

hydrothermal solution • hot, 
salty water moving through 
rocks.

system •  a set of connected 
things or parts forming a 
complex whole.

geyser • a hot spring 
characterized by the 
intermittent explosive 
discharge of water and steam.
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earthquake swarms (Figure 10.7). The largest swarm occurred in 1985, with 
more than 3000 earthquakes recorded on the northwest side of the park during 
a three-month period. Scientists believe these swarms are caused by shifting 
and changing pressures in 
the crust due to the migration 
of hydrothermal fl uids, a 
common occurrence around 
volcanoes.

Earth hazards10
Volcanism

Figure 10.7: Earthquakes in Yellowstone National Park, 2014. Approximately 2000 earthquakes 
occurred during the course of the year. (See TFG website for full-color version.)

See Chapter 4: Topography to 
learn more about hydrothermal 
features at Yellowstone National 
Park.

Volcanism
While there are no active volcanoes in the Northwest Central US today, past 
volcanism has left its mark on the area. Igneous activity continues today in and 
around Yellowstone National Park in northwestern Wyoming, which overlies 
a hot spot in the Earth’s mantle. During the Cenozoic, as the North american 
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Volcanismplate traveled over this mantle plume, the crust melted and produced a trail of 
volcanic rock that crosses southern Idaho, forming the Snake River Plain and 
ending at Yellowstone National Park. The trail of volcanic eruptions from the hot 
spot works its way east along this path. For example, the rocks at Craters of 
the Moon National Monument in southeastern Idaho formed during eight major 
eruptive periods between 15,000 and 2000 years ago. During this time, lava 
associated with the Yellowstone hot spot erupted from the Great Rift, a series 
of deep cracks that start 
near Craters of the Moon’s 
visitor center and stretch 84 
kilometers (52 miles) to the 
southeast. over the course of 
eruption, the lava field grew to 
cover 1600 square kilometers 
(618 square miles). 

The recent geological history of volcanism at Yellowstone has led the area to 
be classified as a supervolcano—a volcano capable of producing more than 
1000 cubic kilometers (240 cubic miles) of ejecta. Supervolcanoes can occur 
when magma rises under the crust from a hot spot, but is unable to break 
through. Eventually, the crust ruptures when it can no longer contain the built-
up pressure. although the Yellowstone area contains no active volcanoes today, 
the Yellowstone hot spot was the source of several prehistoric supereruptions 
(Figure 10.8): the huckleberry Ridge, 2.1 million years ago, which produced 
2450 cubic kilometers (588 cubic miles) of ejecta; the Mesa Falls flow, 1.3 
million years ago, which produced 280 cubic kilometers (67 cubic miles) of 
ejecta; and the Lava Creek flow, 630,000 years ago, which produced 1000 
cubic kilometers (240 cubic miles) of ejected material. The Mount St. helens 

See Chapter 2: Rocks for more 
information about the rocks 
formed by eruptions of the 
Yellowstone hot spot.

lava •  molten rock located on 
the Earth’s surface.

Figure 10.8: The extent of the three most recent ashfalls from Yellowstone supervolcano eruptions, 
as compared to the eruption of Mount St. Helens in 1980.

supervolcano • an explosive 
volcano capable of producing 
more than 1000 cubic 
kilometers (240 cubic miles) 
of ejecta.
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eruption in 1980, by contrast, produced only 0.19 cubic kilometers (0.046 cubic 
miles) of ejecta. While there is concern about another supereruption occurring 
at Yellowstone, the probability of an explosive eruption within the next few 
thousand years is very low.

Landslides
The term “landslide” refers to a wide range of mass wasting events that result 
in rock, soil, or fill moving downhill under the influence of gravity (Figure 10.9). 
These events occur when friction between the earth material (i.e., rock and 
soil) and the slope is overcome, allowing the earth material to fail and move 
downslope. Landslides may be triggered by high rainfall, earthquakes, erosion, 
deforestation, groundwater pumping, or volcanic eruptions. They may occur 
rapidly, such as in some mud and debris flows, or they can be as slow as soil 
creep: slow land movement that usually does not cause loss of life, but can still 
destroy roads and buildings. In mountainous areas, avalanches, landslides, 

Figure 10.9: Common types of landslides.

mass wasting •  a process 
in which soil and rock move 
down a slope in a large mass.

erosion •  the transport of 
weathered materials.

soil •  the collection of natural 
materials that collect on 
Earth’s surface, above the 
bedrock.



          329

10Earth hazards

Landslides
and rockfalls can be dangerous, moving downslope and then crossing roads 
and moving into areas that contain homes and other buildings. In the Rocky 
Mountains, every year at least one road will be temporarily closed as the result 
of an avalanche, earth movement, or rockfall event. Mass wasting events can 
also dam streams and rivers, creating lakes. If such dams fail, a flood will result 
somewhere downstream.

Landslides are common in mountainous regions of the Northwest Central 
thanks to a combination of steep terrain, poorly consolidated sediments, and 
tectonic activity (Figure 10.10). They often occur in high glacial valleys with 
little vegetative cover. In the winter, many of the same mountainous areas that 
are prone to landslides during the year are subject to avalanches—rapid flows 
of snow, ice, and rock. avalanches occur when the strength of the snow is 
overcome, or when a weak layer in the snow fails. These snow failures can 
result from storms, warming weather, sunny slopes, earthquakes, and people 
moving over the snow. Thousands of avalanches occur every winter in the 
mountains of Idaho, Montana, and Wyoming.

volcanism •  the eruption of 
molten rock onto the surface 
of the crust.

debris flow •  a dangerous 
mixture of water, mud, rocks, 
trees, and other debris that 
can move quickly down 
valleys.

creep • the slow movement 
or deformation of a material 
under the influence of 
pressure or stress.

Figure 10.10: Landslide incidence and risk in the Northwest Central. 
(See TFG website for full-color version.)
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In Montana, landslides are among the state’s most common geologic hazards. 
The largest landslide in Montana history, triggered by the hebgen Lake 
Earthquake of august 1959, carried 80 million tons of mud, rock, and debris 
down Sheep Mountain at an estimated 160 kilometers per hour (100 miles 
per hour) (Figure 10.11). The slide killed 28 people and buried sections of 
Montana highway 287 beneath almost 122 meters (400 feet) of rock, as well 
as formed a major dam across the Madison River (Figure 10.12). Landslides 
are also common occurrences in the mountains of Wyoming. In 1925, more 
than 38 million cubic meters (50 million cubic yards) of waterlogged soil was 
dislodged from a mountainside, crossed the Gros Ventre River, and moved 90 
meters (300 feet) up the other side of the valley. The landslide blocked the river, 
creating Lower Slide Lake. Two years later, the dam failed, and the subsequent 
flash flood killed six people and destroyed a nearby town.

In Idaho, a variety of geological features combine to increase the likelihood 
of slope failure. Throughout the Snake River Plain and Columbia Plateau, 
basalt is interbedded with unconsolidated sediments, fractured metamorphic 
rocks, and loose volcanic material along deep canyons. Rocks fractured by 
folding and faulting are common, and ice-age floods deposited loose gravel 
and sand as well as undercut slopes. all these factors contribute to slope 
instability, and tremors from earthquakes associated with Idaho’s several fault 
lines often produce landslides throughout the state. Intense storms and heavy 
winter rains, generated by 
moisture carried eastward 
from the Pacific ocean, can 
also waterlog soils and lead 
to mudflows or debris flows.

See Chapter 6: Glaciers to learn 
more about ice-age lakes and 
outburst floods.

Figure 10.11: Damage from the Hebgen Lake Landslide is still visible today in Madison Valley, 
Montana.

sand •  rock material in the 
form of loose, rounded, or 
angular grains, and formed as 
a result of the weathering and 
decomposition of rocks.

basalt •  an extrusive igneous 
rock, and the most common 
rock type on the surface of the 
Earth.

metamorphic rocks •  rocks 
formed by the recrystallization 
and realignment of minerals 
in pre-existing sedimentary, 
igneous, and metamorphic 
rocks when exposed to high 
enough temperature and/or 
pressure.

gravel • unconsolidated, 
semi-rounded rock fragments 
larger than 2 millimeters (0.08 
inches) and smaller than 75 
millimeters (3 inches).

tree •  any woody perennial 
plant with a central trunk.
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Mudflows or earthflows are fluid, surging flows of debris that have been fully 
or partially liquefied by the addition of water. They can be triggered by heavy 
rainfall, snowmelt or high levels of ground water flowing through cracked 
bedrock. high groundwater pressures and soil liquefaction due to nearby 
roadwork are thought to have generated the 1998 mudflow in Bonners Ferry, 
Idaho, in which 306,000 cubic meters (400,000 cubic yards) of earth materials 
flowed across highway 95 and a Union Pacific railway track, burying more than 
a million dollars’ worth of equipment (Figure 10.13).

Debris flows are a dangerous mixture of water, mud, rocks, trees, and other 
debris that moves quickly down valleys. The flows can result from sudden 
rainstorms or snowmelt that creates flash floods. In Glacier National Park, 
Montana, debris flows regularly occur where rock fragments like talus have 
built up on steep slopes and cliff faces. These debris flows can travel hundreds 
of meters (feet), and regularly impact trails and roads within the park. 

Slumps and creep are common problems in parts of the Northwest Central with 
a wetter climate and/or the presence of unstable slopes, such as North Dakota’s 
Red River Valley, the Fort Randall Reservoir in South Dakota, and the Niobrara 
River in Nebraska. These areas contain expansive soils generated from clay-
rich shales. Certain clay minerals can absorb water and swell up to twice 
their original volume―an 
amount of expansion that 
can exert enough force to 
cause damage, such as 
cracked foundations, floors, 

Figure 10.12: The landslide dam that led to the formation of Quake Lake (also known as Earthquake 
Lake). Today, the lake is 58 meters (190 feet) deep and 10 kilometers (6 miles) long.

talus •  debris fields found 
on the sides of steep slopes, 
common in periglacial 
environments.

slump • a slow-moving 
landslide in which loosely 
consolidated rock or soil 
layers move a short distance 
down a slope. 

climate •  a description of the 
average temperature, range 
of temperature, humidity, 
precipitation, and other 
atmospheric/hydrospheric 
conditions a region 
experiences over a period 
of many years (usually more 
than 30).

clay •  the common name for 
a number of very fine-grained, 
earthy materials that become 
plastic (flow or change shape) 
when wet.

shale •  a dark, fine-grained, 
laminated sedimentary rock 
formed by the compression of 
successive layers of silt- and 
clay-rich sediment.

See Chapter 8: Soils for more 
information about Vertisols, 
soils rich in swelling clays.

mineral •  a naturally 
occurring solid with a specific 
chemical composition and 
crystalline structure.
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and basement walls. an estimated $9 billion of damage to infrastructure built 
on expansive clays occurs each year in the United States. In addition, when the 
clay dries and contracts, the particles settle slightly in the downhill direction. This 
process can cause soil creep, a slow movement of land that causes fences and 
telephone poles to lean downhill, while trees adjust by bending uphill (Figures 
10.14 and 10.15). human development can exacerbate this process when 
homes are built along river bluffs, disturbing vegetation that would otherwise 
stabilize the slope and adding water to the land in the form of yard irrigation or 
septic systems.

Slumping occurs when expansive minerals are present on steeper slopes, and 
involves the downward movement of a larger block of material along a surface 
that fails when the weight of the saturated soils can no longer be supported. 
Thanks to rain and heavy spring snowmelt runoff, slumps are a significant 
problem in some areas of North Dakota. In 2011 alone, this type of mass 
wasting caused more than $3 million of damage to roads and trails in Theodore 
Roosevelt National Park. Slumping is common near roads and highways 
throughout the state, thanks to the presence of steeper hills, roadcuts, and 
construction (Figures 10.16 and 10.17).

While expansive soils can be found all over the US, nearly every state in the 
Northwest Central has bedrock units or soil layers that are possible sources, 
with central Montana, North Dakota’s Red River Valley, and South Dakota’s 
Cretaceous shales being the most susceptible (Figure 10.18). Significant or 
repeated changes in moisture, which can occur in concert with other geologic 
hazards such as earthquakes, floods, or landslides, greatly increase the hazard 
potential of expansive soils. The key to reducing this hazard is to keep the 
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Figure 10.13: Mudflow in Bonners Ferry, Idaho.

Cretaceous •  a geologic time 
period spanning from 144 to 
66 million years ago.
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Figure 10.14: Some influences of soil creep on surface topography.

Figure 10.15: These fenceposts along the Sheyenne River Valley in North Dakota lean downhill 
under the influence of soil creep, while the trees near them bend uphill to compensate.
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Figure 10.17: This slump occurred along a North Dakota roadcut after a spring thaw melted piles 
of snow on the upper bank, saturating the clay-rich soil and increasing its weight.

Figure 10.16: This slump near Interstate 29 in Fargo, North Dakota occurred in clay-rich materials 
used to construct the nearby overpass.

karst topography •  a kind of 
landscape defined by bedrock 
that has been weathered by 
dissolution in water, forming 
features like sinkholes, caves, 
and cliffs.

 
sedimentary rock •  
rock formed through the 
accumulation and consolida-
tion of grains of broken rock, 
crystals, skeletal fragments, 
and organic matter.

lime • an inorganic white or 
grayish-white compound made 
by roasting limestone (calcium 
carbonate, CaCO3) until all the 
carbon dioxide (CO2) is driven 
off.
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Figure 10.18: Approximate distribution of expansive soils in the Northwest Central US. This map 
is based on the distribution of types of bedrock, which are the origin of soils produced in place. 
(Where substantial fractions of the soil have been transported by wind, water, or ice, the map will 
not be as accurate.) (See TFG website for full-color version.)

water content of the soil constant. There are also chemical stabilizers, including 
lime, potassium, and ionic agents, that can reduce the potential for soil volume 
changes by increasing the clay’s structural stability.

Damage to life and property from mass wasting events can be reduced by 
avoiding landslide hazard areas or by restricting access to known landslide 
zones. hazard reduction is possible by avoiding construction on steep slopes or 
by stabilizing the slopes. There are two main ways to accomplish stabilization: 
1) preventing water from entering the landslide zone through runoff, flooding, or 
irrigation and 2) stabilizing the slope by placing natural or manmade materials 
at the toe (bottom) of the landslide zone or by removing mass from the top of 
the slope.

Karst and Sinkholes
Karst topography forms in areas where the underlying bedrock is composed 
of material that can be slowly dissolved by water. Examples of this type of 
sedimentary rock include carbonate rocks such as limestone, halite, 
gypsum, dolomite, and anhydrite. Carbonate rocks may develop karst and 
other dissolution features due to the effects of circulating groundwater that has 
been made slightly acidic through the presence of dissolved carbon dioxide 
(which creates carbonic acid that reacts with the rock, dissolving it). Sinkholes 
and caverns can form, creating potential hazards (i.e., the land surface could 

carbonate rocks • rocks 
formed by accumulation of 
calcium carbonate, often made 
of the skeletons of aquatic 
organisms.

limestone •  a sedimentary 
rock composed of calcium 
carbonate (CaCO3 ).

halite •  see salt, a mineral 
composed primarily of sodium 
chloride (NaCl). 

gypsum •  a soft sulfate 
mineral that is widely mined 
for its use as fertilizer and as a 
constituent of plaster.

dolomite •  a carbonate 
mineral, consisting of calcium 
magnesium carbonate 
(CaMg(CO3)2). 
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Figure 10.19: Areas of karst in the continental US associated with carbonate and evaporate rocks. 
(See TFG website for full-color version.)
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subside or collapse into the underground openings). This may principally 
occur in areas where cavities filled with water are emptied through groundwater 
withdrawal or other natural processes, resulting in the cavities being filled with 
air and reducing support for the overlying rock. Karst is not overly prevalent 
in the Northwest Central, but it is found in abundance throughout the Black 
hills of South Dakota, and is scattered throughout several other states (Figure 
10.19).

The Black hills are surrounded and underlain by thick layers of Mississippian 
to Jurassic anhydrite and gypsum, which contain abundant karst features due 
to dissolution from groundwater and rain. Sinkholes are commonplace, ranging 
in size from small holes of a few meters (feet) across to large pits as wide 
as 140 meters (460 feet). The presence of other easily dissolved carbonate 
layers, laid down in Paleozoic and Mesozoic inland seas, has led to a variety 
of caves and small sinkholes found throughout the Northwest Central US. For 
example, the Little Belt Mountains in central Montana are underlain by a thick 
layer of limestone (the Madison Limestone) laid down in the Mississippian 
(Figure 10.20). 

In Idaho, volcanic pseudokarst dominates the Snake River Plain. This type of 
topography is not technically karst—instead of forming through the dissolution 
on carbonate bedrock, these fissures, sinkholes, and caves were created by 
the extrusion of liquid lava. While sinkholes in volcanic pseudokarst are rare, 
they tend to be related to the collapse of old lava tubes.

Because karst terrain is very porous and fractures easily, groundwater pollution 
can be a serious problem. Contaminants that might otherwise be filtered 

Figure 10.20: The Belt Meteor Crater southeast of Great Falls, Montana, is a sinkhole in the 
Madison Limestone measuring 10 meters (35 feet) deep and 30 meters (100 feet) across.

subsidence • the sinking of 
an area of the land surface. 

Mississippian •  a subperiod 
of the Carboniferous, spanning 
from 359 to 323 million years 
ago.

Jurassic •  the geologic time 
period lasting from 201 to 145 
million years ago. 

Paleozoic •  a geologic time 
interval that extends from 541 
to 252 million years ago.
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Radonthrough the sedimentary rock are quickly transported into aquifers by runoff. 
The hazards of pollution are increased by rampant industrial, agricultural, and 
residential development over karst features.

Radon
Radon is a naturally occurring radioactive, colorless, odorless gas. It is the 
leading cause of lung cancer in american non-smokers, and the second leading 
cause of lung cancer overall. It can collect in homes, buildings, and even in 
the water supply. Radon gas is formed naturally when uranium-238 undergoes 
radioactive decay, producing energy and several radioactive products such 
as radon-222 and thorium-232. (The thorium later decays to emit energy 
and radon-220.) Radon is more commonly found where uranium is relatively 
abundant in bedrock at the surface, often in granite, shale, and limestone. 
The EPa produced a map of the US showing geographic variation in radon 
concentrations, divided into three levels of risk: low, medium, and high (Figure 
10.21).

Mesozoic •  a geologic time 
period that spans from 252 to 
66 million years ago.

Figure 10.21: Radon zone map of the US. (Note: Zone 1 contains the highest radon levels.)
(See TFG website for full-color version.)

inland sea •  a shallow sea 
covering the central area of 
a continent during periods of 
high sea level.

aquifer • a water-bearing 
formation of gravel, permeable 
rock, or sand that is capable 
of providing water, in usable 
quantities, to springs or wells.
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US (Figure 10.22). Uranium is relatively concentrated in the granites and 
metamorphic rocks of the Rocky Mountains, Black hills, and Basin and 
Range, as well as in the sediments eroded from these areas. Uranium is also 
concentrated in some Paleogene sandstones and coal deposits. Taken 
together, these areas account for a broad part of the Northwest Central. 
There are, however, areas that are moderate or low in radon—the Sandhills 
of northwest Nebraska have the lowest radon concentrations in the Northwest 
Central. This area is composed of windblown sediment that was separated from 
the clay and heavier minerals that contain relatively high amounts of uranium. 
In the Columbia Plateau, radon associated with basalt bedrock is also lower in 
concentration than that found in the mountains farther north.

Radon is chemically inert, meaning that it does not react or combine with elements 
in the ground, and it can move up through rocks and soil into the atmosphere. 
It is dangerous primarily when it accumulates indoors, creating a health hazard 
similar to that of secondhand smoke. Radon gas finds its way through cracks in 
basement foundations, sump pump wells, dirt floor crawlspaces, and basement 
floor drains. It can also be found in well and municipal water. Since radon is 
more easily released from warm water than from cold water, one of the greatest 
forms of exposure likely occurs while showering in water with high radon levels. 

Figure 10.22: Radon risk levels at the surface in the Northwest Central US.

Paleogene •  the geologic 
time period extending from 66 
to 23 million years ago.

sandstone •  sedimentary 
rock formed by cementing 
together grains of sand.

coal •  a combustible, 
compact black or dark-brown 
carbonaceous rock formed 
by the compaction of layers 
of partially decomposed 
vegetation.
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Radon cannot be detected by sight or smell, so there is no way that the body 
can sense its presence. Fortunately, with proper monitoring and mitigation 
(reduction) techniques, radon gas can be easily reduced to low levels. one 
technique that is often used in homes involves sealing cracks in the basement 
floor, covering drains, and installing ventilation systems. a well-ventilated 
space will prevent the radon from accumulating and will reduce the risk of 
exposure. Most states have licensed radon mitigation specialists who are 
trained in the proper testing and mitigation of radon levels in buildings. The 
EPa has also published a homebuyer’s guide designed to help citizens make 
informed decisions about radon gas. For radon in water, filtration systems can 
be installed to mitigate exposure in the home.

Floods
Floods are controlled by the rate of precipitation, run-off, stream flow, and 
shape of the land surface. They may occur when water overflows the banks of 
a standing water body (such as a lake) or flowing water (such as a stream), or 
when rainwater accumulates in an area that normally contains neither standing 
nor flowing water. areas near rivers, tributaries, creeks, and streams are likely 
to experience flooding during periods of heavy rainfall.

Flooding can occur at any time of the year and is caused when more water 
enters a stream/river channel than the channel can contain. This situation can 
develop when water is unable to soak into the ground and instead runs off 
into a river channel. Runoff can occur if the ground is already saturated (full of 
water) or if the ground is too dry, hard, or frozen. The slope of a river (i.e., the 
topography of the land) can also contribute to flooding. If rivers have a steep 
slope, water can quickly move through the channel and continue downstream. 
If rivers have a shallow slope, water moves slowly through the river channel 
and remains in the area instead of moving downstream. Flash floods—rapid 
flooding of low-lying areas—are often associated with heavy rain, which can 
quickly waterlog soil and lead to mudslides on steep terrain, resulting in damage 
to roads and property. In areas of lower elevation, flash floods can be produced 
when slow-moving or multiple thunderstorms occur over the same area. When 
storms move more quickly through an area, flash flooding is less likely.

Floodplains are areas adjacent to rivers and streams that occasionally flood 
but are normally dry, sometimes for many years. When storms produce more 
runoff than a stream can carry in its channel, waters rise and inundate adjacent 
lowlands, leaving behind layers of settled sediment. Significant damage and 
sometimes loss of human life can occur when buildings and other human 
infrastructure are built on floodplains, under the assumption that future floods 
may never occur or will only occur in the distant future. Major floods in the 
Northwest Central generally occur along the Missouri River or its tributaries 
(Figure 10.23), and these events are more frequent in spring and fall after 
periods of heavy or sustained rains when stream levels rise rapidly. 

10Earth hazards
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floodplain •  the land around 
a river that is prone to 
flooding.
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Flooding in the Northwest Central generally occurs through flash floods, periods 
of long-term rainfall, spring snowmelt, or some combination of these factors. 
While flash floods tend to impact a smaller area than do long-term rainfall and 
snowmelt, they can be especially dangerous because they arise so suddenly. 
Famous flash floods include the Republican River Flood of 1935 in Nebraska, 
when 46–61 centimeters (18–24 inches) of rain fell on May 30th that year; the 
Cheyenne Flood of 1985, when 18 centimeters (7 inches) of rain fell in three 
hours on august 1st in Cheyenne, Wyoming; and the Black hills Flood of 1972 
on Rapid Creek in Rapid City, North Dakota, when 38 centimeters (15 inches) 
of rain—approximately one million metric tons overall—fell over six hours from 
June 9–10, 1972. The Black hills Flood is considered to be one of the most 
significant floods in US history: a surge caused a breach in the Canyon Lake 
Dam, releasing water into Rapid City and killing 238 people, destroying 1335 
homes, and causing over $900 million (adjusted) in damage (Figure 10.24). 

Figure 10.23: The Missouri River and its tributaries. (See TFG website for full-color version.)
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There are numerous recorded instances of flooding on the Missouri River due to 
long-term rainfall, contributing to subsequent flooding downstream in St. Louis 
and into the Mississippi. The Great Flood of 1993, when floodwaters traveled 
down the Missouri River from South Dakota and Nebraska into Iowa, Kansas, 
and Missouri, flooded over 4 million hectares (11 million acres) and caused at 
least 50 deaths and over $24 billion (adjusted) in damage. The 2011 Missouri 
River Flood, caused by high winter snowfall in Montana and Wyoming followed 
by large spring rainfall on the plains of Montana, inundated roads and buildings 
(Figure 10.25) and threatened towns and cities along the river from Montana 
to Missouri. The Great Flood of 1881 in South Dakota and Nebraska (notably 
including omaha) was caused by ice jams along the Missouri River, and the 
april 1997 Red River Flood of Grand Forks, North Dakota was due to abundant 
snowfall combined with heavy rain during the previous fall (Figure 10.26). 

Devils Lake in North Dakota is known for dramatic annual changes in water 
level depending on local precipitation, and has gained a net increase of about 
40 meters (130 feet) in water depth since 1940. The lake has quadrupled in 
size over the last two decades, growing from 18,000 hectares (44,000 acres) 
in 1994 to about 82,000 hectares (202,000 acres) today (Figure 10.27). Devils 
Lake is a closed drainage basin with no natural outlets, and water can therefore 
leave its confines only through evaporation, ground infiltration, or overflow. 
During one period of especially rapid increase, rainfall between 1993 and 1999 
caused the lake’s water level to rise about 20 meters (66 feet), flooding 28,000 
hectares (70,000 acres) of farmland, displacing 300 homes, and costing about 
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hectare • a metric unit of area 
defined as 10,000 square 
meters.

Figure 10.24: A pile of cars swept away by the 1972 Black Hills Flood. This event destroyed over 
5000 vehicles.
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Figure 10.25: The Fort Calhoun Nuclear Reactor and surrounding areas of Nebraska were 
inundated by floodwater during the 2011 Missouri River Flood.

Figure 10.26: Wreckage in Grand Forks, North Dakota, after the 1997 Red River Flood.
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$450 million to mitigate the flooding. There has been substantial controversy 
about the ecological impacts of proposed mechanisms to create an outlet that 
would offset further lake rise, partially focused on where to divert the water 
and the consequences of potentially moving invasive species into other basins. 
Flooding from the lake today continues to affect agriculture and infrastructure 
in the surrounding area.

While floods are always considered a hazard to life and property, they present 
a compound threat when they trigger mudslides or contribute to the conditions 
that cause expansive soils and karst topography. While there is no way to 
completely avoid the destructive impacts of flooding, good community planning 
and informed decision-making can greatly reduce the safety concerns and 
economic impacts of these events. The Federal Emergency Management 
agency (FEMa) provides guidelines for communities that are planning 
mitigation strategies designed to minimize the impacts of natural hazards such 
as flooding.

Figure 10.27: The extent of Devils Lake at different water level elevations.
(See TFG website for full-color version.)
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Weather is the measure of short-term atmospheric conditions such as 
temperature, wind speed, and humidity. The Northwest Central is an active 
location for atmospheric events such as thunderstorms and tornados. It also 
experiences a variety of other weather hazards, including high temperatures 
and drought.

Storms, Tornados, and Derechos
Several types of severe storms present challenges to people living in the 
Northwest Central. Summer brings severe thunderstorms associated with cold 
fronts. Fall and spring can bring ice storms, while winter brings snow and, 
in some cases, blizzard conditions. In october 2013, for example, a major 
blizzard affected the Northwest Central and much of the Midwest, dumping 
up to 1.5 meters (5 feet) of snow across the Great Plains. The snow affected 
5000 ranches in South Dakota, scattering and killing herds of cattle and sheep, 
as well as disabling power for more than 20,000 homes and trapping people 
inside their cars. The storm system’s winds blew up to 112 kilometers per hour 
(kph) (70 miles per hour [mph]), generating 22 separate tornados as well as 
severe thunderstorms and ice storms.

Rainstorms arise where colder air from higher latitudes abruptly meets warmer 
air. Severe thunderstorms are a common occurrence for people living in the 
Northwest Central because the conditions over the Great Plains are perfect for 
the development of severe weather. The flat, open fields are warmed by the 
summer sun, which sits high in the sky during this time of year. This results in 
large temperature differences when cold air masses move across the country. at 
the boundary between warmer and cooler air, buoyant warm air rises, and then 
cools because air pressure decreases with increasing height in the atmosphere. 
as the air cools, it becomes saturated with water vapor, condensation occurs, 
and clouds begin to form. Because liquid water droplets in the clouds must be 
very small to remain suspended in the air, a significant amount of condensation 
causes small water droplets to come together, eventually becoming too large 
to remain suspended. Sufficient moisture and energy can lead to dramatic 
rainstorms. Because warm air has a lower pressure relative to cold air, and the 
movement of air from areas of high pressure to areas of low pressure generates 
wind, the significant difference in air pressure associated with these boundaries 
and rainstorms also generates strong winds. Flat regions, such as the Great 
Plains, allow winds to move unimpeded by topography, and are often subject 
to severe thunderstorms.

While severe thunderstorms are common in some parts of the Northwest 
Central, two less common storm hazards have the potential to cause serious 
property damage and endanger lives: derechos and tornados. Both of these 
storm events are associated with wind shear, which occurs when the wind’s 
speed or direction changes with increasing height in the atmosphere. Wind 
shear can happen when a cold front moves rapidly into an area with very warm 
air. There, the condensing water droplets mix with the cooler, drier air in the 

cold front •  the boundary 
between the warm air and the 
cold air moving into a region. 

power •  the rate at which 
energy is transferred, usually 
measured in watts or, less 
frequently, horsepower.

derecho •  a set of powerful 
straight-line winds that exceed 
94 kph (58 mph) and can often 
approach 160 kph (100 mph). 

wind •  the movement of air 
from areas of high pressure to 
areas of low pressure.

wind shear •  when wind 
speed and/or direction 
changes with increasing height 
in the atmosphere. 

tornado •  a vertical funnel-
shaped storm with a visible 
horizontal rotation. 
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powerful, they can cause a derecho, or a set of powerful straight-line winds that 
exceed 94 kph (58 mph) and can often approach 160 kph (100 mph). These 
powerful windstorms can travel over 400 kilometers (250 miles) and cause 
substantial wind damage, knocking down trees and causing widespread power 
outages. The lightning associated with these intense storms can cause both 
forest fi res and house fi res. approximately one derecho every two years or so 
will occur in easternmost South Dakota and Nebraska, and they appear with 
decreasing frequency as one travels westward (Figure 10.28).

The differences between tornados and derechos are indicated in their names: 
derecho is the Spanish word for “straight ahead,” while the word tornado has 
its roots in the Spanish word tonar, which means “to turn.” Both types of storm 
events can be associated with the same major cold front boundary because they 
require similar conditions to get started. however, tornado formation is more 
complicated. at the frontal boundary, warm, moist air rapidly rises as cooler, dry 
air descends; in the meantime, the pressure differences between the warm and 
cold air masses cause strong winds. Clouds with a visible horizontal rotation 
can appear, appearing to roll like waves crashing on the shore of a beach. 
This horizontal motion can tilt, lifting the rotating cloud vertically, and the rolling 
cloud will form a tornado. Most tornados will last a few seconds to several 
minutes. During that time, many tornado-prone areas will use tornado sirens 
to alert residents of the danger. a smaller tornado might generate fl ying debris 
that can cause injury or damage to buildings, while larger tornados can cause 
buildings and houses to be completely broken apart. Tornados are classifi ed by 

Figure 10.28: Derecho frequency in the continental US. (See TFG website for full-color version.)
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their ranking on the Enhanced Fujita scale, or EF scale. These classifications 
are estimates of wind speeds based on the type of damage that is observed 
following the storm.

“Tornado alley” is the nickname for an area, extending from Texas to Minnesota, 
that experiences a high number of exceptionally strong tornados due to its 
flatter topography and high incidence of severe thunderstorms. Both Nebraska 
and South Dakota reside within Tornado alley, leading to more tornados in this 
part of the Northwest Central (Figure 10.29). From 1991 to 2010, for example, 
an annual average of 57 and 36 tornados occurred in Nebraska and South 
Dakota, respectively (Figure 10.30). To the west and north of Tornado alley, 
fewer tornado strikes occur, with an annual average of 32, 12, 10, and 5 striking 
North Dakota, Wyoming, Montana, and Idaho, respectively. The boundaries of 
Tornado alley vary in application, depending on whether the frequency, intensity, 
or number of events per location are used to determine the area’s borders.

although specific tornado paths are not predictable, the conditions that produce 
them are used to alert people so that they can seek shelter. The National 
Weather Service issues a watch, if the conditions are right for a type of storm 
event, or a warning, if the conditions are occurring or imminent for the storm 
event. The National Weather Service is part of the National oceanographic and 
atmospheric administration, which maintains a US map of all current watches 
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Measuring Tornado Intensity

Tornado intensity is measured on the Fujita scale, or 
simply F-scale, based on the amount of damage that a 
tornado can cause. The scale ranges from F0 to F5. The 
scale was modified recently to more accurately reflect 
specific wind speeds; this newer scale is known as the 
“Enhanced Fujita scale” and ranges from EF0 to EF5. 

EF Scale Estimated Wind Speed 
(kph)

Estimated Wind Speed 
(mph)

EF0 104–137 65–85
EF1 138–177 86–110
EF2 178–217 111–135
EF3 218–266 136–165
EF4 267–322 166–200
EF5 > 322 > 200
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Figure 10.29: Annual tornado reports per 29,500 square kilometers (10,000 square miles) in the 
continental US, between 1950 and 1995. (See TFG website for full-color version.)

Figure 10.30: Two tornados touch down simultaneously in a South Dakota field between the towns 
of Enning and White Owl.
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and warnings. Since the atmospheric conditions can change very quickly, an 
important factor in preventing loss of human life is getting the public to act upon 
the severe weather alerts. one recent attempt to improve public response to 
warnings is through a tornado alert index that helps people evaluate the risk 
of a local tornado. The Tor:Con index used by the Weather Channel provides 
a number from 1 to 10 that represents the probability of a tornado occurring. 
Meteorologists evaluate the atmospheric conditions associated with a storm 
and assign a score. For example, a 4 on the Tor:Con index would indicate a 
40%, or moderate, chance of a tornado forming in a particular area.

Extreme Temperature and Drought
Extreme temperatures can create dangerous conditions for people and may 
lead to property damage. Heat waves are periods of excessively hot weather 
that may also accompany high humidity. Temperatures of just 3°C (6°F) to 6°C 
(11°F) above normal are enough to reclassify a warm period as a heat wave. 
Under these conditions, the mechanism of sweating does little to cool people 
down because the humidity prevents sweat from evaporating and cooling off 
the skin. heat waves have different impacts on rural and urban settings. In 
rural settings, agriculture and livestock can be greatly affected. Heat stress 
recommendations are issued to help farmers protect their animals, particularly 
pigs and poultry, which, unlike cattle, do not have sweat glands.

The impacts of heat waves on urban settings include a combination of the 
natural conditions of excessive heat and the social conditions of living in a 
densely populated space. Cities contain a considerable amount of pavement, 
which absorbs and gives off more heat than vegetation-covered land does. 
air conditioning units that cool down the inside of buildings produce heat that 
is released outside. Pollution from cars and industry also serve to elevate the 
outdoor temperatures in cities. This phenomenon, in which cities experience 
higher temperatures than surrounding rural communities do, is known as the 
heat island effect. other social conditions can increase the hazards associated 
with heat waves in urban areas. People who are in poor health, live in apartment 
buildings with no air conditioning, or are unable to leave their houses are at 
greatest risk of death during heat waves. 

During the first half of 2012, North america experienced a heat wave that set 
thousands of temperature records, particularly in the Midwest and Northwest 
Central and parts of central Canada (Figure 10.31). Within the Northwest 
Central, the Great Plains region experienced some of the most anomalous 
temperatures in the country. The event was attributed to persistent low-
level winds blowing warm air from the Gulf of Mexico toward Canada. Like 
other climate events, the heat wave could not be directly attributed to global 
warming, but climate change is thought to have increased the event’s severity 
by 5 to 10%. The heat wave was also associated with the start of a serious 
drought in the central United States. 

While high temperatures can be directly dangerous, a larger scale hazard 
arises when these temperatures are coupled with a lack of precipitation in an 
extended drought period. Most famously, high temperature and drought in the 
1930s, combined with deep plowing that removed moisture-trapping grasses, 

heat island effect •  a 
phenomenon in which 
cities experience higher 
temperatures than 
do surrounding rural 
communities.

global warming •  the current 
increase in the average 
temperature worldwide, 
caused by the buildup of 
greenhouse gases in the 
atmosphere. 

topsoil • the surface or upper 
layer of soil, as distinct from 
the subsoil, and usually 
containing organic matter.

heat •  a form of energy 
transferred from one body 
to another as a result of a 
difference in temperature or a 
change in phase.

heat wave •  a period of 
excessively hot weather that 
may also accompany high 
humidity. 
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led to the Dust Bowl―dust storms that carried vast clouds of black dust across 
the Midwest and central US, greatly damaging both the ecology and agriculture 
across that portion of the country (Figure 10.32). although the Dust Bowl was 
most intense in the panhandles of Texas and oklahoma, the event impacted 
agriculture throughout the Great Plains, including Nebraska and South Dakota. 
Dust storms destroyed topsoil, buried equipment and houses, and contributed 
to the incidence of lung disease.
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Figure 10.31: Land surface temperature anomalies in March 2011. Red areas represent above 
average temperatures and blue areas represent below average temperatures. 
(See TFG website for full-color version.)
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Recently, a different extreme temperature phenomenon has made the news: the 
polar vortex. As the name implies, a polar vortex is a regularly occurring area 
of low pressure that circulates in the highest levels of the upper atmosphere. 
Typically, the polar vortex hovers above Canada. however, a pocket of the 
counterclockwise rotating, low-pressure center can break off and shift southward 
at a lower altitude, covering the northern United States with frigid air. The jet 
stream then shifts to a more southward flow than usual, and its chill can even 
reach the southern states. a polar vortex can lock the jet stream in this new 
pattern for several days to more than a week. In early January 2014, the polar 
vortex dipped low over the upper United States, bringing with it some of the 
coldest temperatures seen in over 20 years. Temperatures in North Dakota 
plummeted to −30°C (−23°F), with wind chills of up to −51°C (−60°F). The 
lowest temperature in the US― −34°C (−30°F)―was recorded near Poplar, 
Montana. although the cold temperatures of a polar vortex can be uncomfortable 
and make traveling dangerous in the winter, the Northwest Central has not 
yet experienced any major 
economic or health-related 
impacts from this type of 
extreme weather event.
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Figure 10.32: A car and other farm equipment lies buried following a dust storm near Dallas, South 
Dakota in 1936.

See Chapter 9: Climate to learn 
more about the jet stream.

polar vortex •  a regularly 
occurring area of low 
pressure that circulates in the 
highest levels of the upper 
atmosphere. 

jet stream • a fast-flowing, 
narrow air current found in the 
atmosphere.
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It is important to understand that most of the extreme climate change in Earth’s 
history occurred before humans existed. That being said, the rapid release of 
carbon dioxide into the atmosphere from human activity is currently causing 
a global warming event. The seemingly slight increase in the average annual 
temperatures in the Northwest Central over the past 25 years has been 
accompanied by more frequent heat waves, shorter winters, and an increased 
likelihood of drought and wildfires. 

although wildfires can occur during any season, summer fires are the most 
common, since increased dryness contributes to fire risk. In June 2012, the 
Fontenelle wildfire in Wyoming’s Bridger-Teton National Forest consumed 
25,990 hectares (57,324 acres) of forest after sparks from a downed power 
line ignited dry, dead timber. In august 2013, a lightning strike ignited the Bear 
Creek wildfire in Idaho, which burned more than 40,440 hectares (100,000 
acres), threatened two popular ski resorts, and required the efforts of more than 
1200 firefighters to combat the blaze. The 2012 fire season was among the 
worst on record in Wyoming, with more than 1300 fires burning about 240,000 
hectares (600,000 acres) across the state, thanks to extremely dry conditions 
and swaths of dead trees killed by pine beetles. Unfortunately, the Rocky 
Mountains’ rugged terrain can make fires even more difficult to extinguish.

Water supply is also a critical issue for the Northwest Central States. here, 
most water is obtained from precipitation, snowmelt, and runoff, which will 
dramatically decrease in quantity as temperature and aridity rise. In addition, 
Nebraska obtains much of its agricultural and drinking water from the ogalalla 
aquifer, an underground layer of water-bearing permeable rock. Part of the 
high Plains aquifer system, this underground reservoir supplies vast quantities 
of groundwater to Nebraska as well as Texas, oklahoma, and Kansas. as 
drought intensifies and temperature rises, the amount of water drawn from the 
aquifer (especially for agricultural irrigation) has increased, while the rate at 
which the aquifer recharges has decreased. The aquifer’s average water level 
has dropped by about 4 meters (13 feet) since 1950, and in some areas of 
heavy use, the decrease is as high as 76 meters (250 feet) (Figure 10.33). 
however, the aquifer only replenishes at a rate no greater than 150 millimeters 
(6 inches) per year. While the portion of the aquifer beneath Nebraska has yet 
to be adversely affected, some estimates indicate that at its current rate of use, 
the entire ogalalla aquifer could be depleted by as early as 2028, threatening 
human lives, our food supply, and the entire Great Plains ecosystem.

Increasing temperatures also allow certain pests, such as ticks and mosquitoes, 
to live longer, thereby increasing the risk of contracting the diseases they 
carry. In addition, invasive organisms that damage ecosystems, such as the 
mountain pine beetle, have a better chance of multiplying and outcompeting 
native organisms because increased temperatures stress local ecosystems 
and create an environment more favorable to invasive species.

permeability •  a capacity for 
fluids and gas to move through 
fractures within a rock, or the 
spaces between its grains. 
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Figure 10.33: Water level change in the Ogalalla aquifer between 1950 and 2005.
(See TFG website for full-color version.)
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Climate ChangeAnother concern regarding hazards exacerbated by climate change in the 
Northwest Central is whether or not there has been or will be an increase in the 
number or severity of storms, including thunderstorms and tornados. according 
to NaSa, the present data is inconclusive in terms of whether major storms are 
already more severe, but there is a greater than 66% chance that global warming 
will cause more intense storms in the 21st century. Since climate is a measure 
of weather averaged over decades, it might take many years to determine 
that a change has occurred with respect to these types of storms. Scientists 
are certain, however, that the conditions necessary to form such storms are 
becoming more favorable due to global warming. The Union of Concerned 
Scientists has created an 
infographic that demonstrates 
the relative strength of 
the evidence that various 
hazards are increasing as 
a result of climate change 
(Figure 10.34).

See Chapter 9: Climate for more 
on the effects of climate change 
in the Northwest Central.

Figure 10.34: The strength of evidence supporting an increase in different types of extreme 
weather events caused by climate change.
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University of California Press, Berkeley, Ca, 285 pp. 
NASA Earth Observatory Natural Hazards Map, http://earthobservatory.nasa.gov/Naturalhazards/. 

(Monthly images of Earth hazards occurring globally.) 
Stover, Carl W., and Jerry L. Coffman, 1993, Seismicity of the United States, 1568–1989, revised 

ed., US Geological Survey Professional Paper 1527, 418 pp.

General Resources for Specific Areas of the
Northwest Central
Be Ready Nebraska, http://www.bereadynebraska.com/preparation-101/natural-disasters/. 
Hydrology, Hazards and Geomorphic Development of Gypsum Karst in the Northern Black Hills, 

South Dakota and Wyoming, by Jack B. Epstein, 
 http://water.usgs.gov/ogw/karst/kigconference/jbe_hydrologyhazards.htm.
Idaho Natural Disasters and Weather Extremes,  
 http://www.usa.com/idaho-state-natural-disasters-extremes.htm. 
Montana Natural Disasters and Weather Extremes,  
 http://www.usa.com/montana-state-natural-disasters-extremes.htm. 
Nebraska Natural Disasters and Weather Extremes,  
 http://www.usa.com/nebraska-state-natural-disasters-extremes.htm. 
North Dakota Natural Disasters and Weather Extremes,  
 http://www.usa.com/north-dakota-state-natural-disasters-extremes.htm. 
South Dakota Emergency Management: Hazard Vulnerability, https://dps.sd.gov/emergency_

services/emergency_management/hazard_vulnerability.aspx. 
South Dakota Natural Disasters and Weather Extremes,  
 http://www.usa.com/south-dakota-state-natural-disasters-extremes.htm. 
Wyoming Multi-Hazard Mitigation Plan: Comprehensive Update, 2014, Wyoming office of 

homeland Security, Cheyenne, WY, 277 pp., 
 http://hls.wyo.gov/library/2014mitigationplan/MITIGaTIoNDRaFTPLaN.pdf. (Includes 

drought, climate, earthquakes, expansive soils, floods, weather, landslides, avalanches, 
and tornadoes.)

Wyoming Natural Disasters and Weather Extremes,  
 http://www.usa.com/wyoming-state-natural-disasters-extremes.htm. 

Floods
Effects of Urban Development on Floods, US Geological Survey Fact Sheet FS-076-03, 2012, 

http://pubs.usgs.gov/fs/fs07603/. 
Flooding in South Dakota, http://www3.northern.edu/natsource/WaTER/Floodi1.htm.
Floods: Recurrence Intervals and 100-year Floods, US Geological Survey, 2014, 
 http://water.usgs.gov/edu/100yearflood.html. 
Hazards Associated with Flooding, by S. Nelson, 2012, 
 http://www.tulane.edu/~sanelson/Natural-Disasters/floodhaz.htm. 
Where the Roads End in Water: The Lake that Won’t Stop Rising, 2011, by L. M. hamilton, 

The Atlantic, http://www.theatlantic.com/national/archive/2011/05/where-the-roads-end-in-
water-the-lake-that-wont-stop-rising/238848/. 
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ResourcesTornados
TWC’s Exclusive Tor:Con Index, by G. Forbes, Weatherunderground, 2014, 
 http://www.wunderground.com/news/tornado-torcon-index. (Tornado forecast.)

Expansive soils
Expansive Soil and Expansive Clay: The Hidden Force Behind Basement and Foundation 

Problems, by h. King, Geologic hazards, 
 http://geology.com/articles/expansive-soil.shtml.

Landslides
Avalanche Problems, Colorado avalanche Information Center, 
 http://avalanche.state.co.us/forecasts/help/avalanche-problems.
A Brief History of the Gros Ventre Slide Geological Site [Wyoming], 
 http://www.fs.usda.gov/Internet/FSE_DoCUMENTS/stelprdb5340454.pdf. 
Gros Ventre Slide Geologic Area [Wyoming], US Department of agriculture, 
 http://www.fs.usda.gov/recarea/btnf/recarea/?recid=71645. 
Idaho Geological Survey: Landslides, 
 http://www.idahogeology.org/DrawonePage.asp?PageID=83.
Landslide Types and Processes, by L. highland, 2004, US Geological Survey Fact Sheet 2004-

3072, 4 pp., http://pubs.usgs.gov/fs/2004/3072/pdf/fs2004-3072.pdf. 
Mass Wasting Features of North Dakota, 
 https://www.ndsu.edu/nd_geology/nd_mass_wasting/index_mass_wasting.htm. 
Montana Landslides, 
 http://dphhs.mt.gov/publichealth/PhEP/YourPreparedness/BeInformed/Landslides. 

Earthquakes
Putting Down Roots in Earthquake Country: Your Handbook for Earthquakes in Idaho, 2009, 

http://www.bhs.idaho.gov/Pages/PressRoom/Releases/Putting%20Down%20Roots%20
in%20EQ%20Country.pdf.

Today in Earthquake History, Earthquake hazards Program, US Geological Survey, 
 http://earthquake.usgs.gov/learn/today. (Content abridged from Stover & Coffman, 1993.) 
Historic Earthquakes: Hebgen Lake, Montana, US Geological Survey, 
 http://earthquake.usgs.gov/earthquakes/states/events/1959_08_18.php.
Incorporated Research Institutions for Seismology (IRIS) Education and Public Outreach, 
 http://www.iris.edu/hq/programs.epo.
IRIS Seismic Monitor, Incorporated Research Institutions for Seismology (IRIS), 
 http://www.iris. edu/seismon/. 
Stover, C. W., and J. L. Coffman, 1993, Seismicity of the United States, 1568–1989 (revised), US 

Geological Survey Professional Paper 1527, 418 pp., 
 http://pubs.usgs.gov/pp/1527/report.pdf.
US Earthquake Monitor, US Geological Survey, http://earthquake.usgs.gov/earthquakes/map/. 
USGS National Earthquake Information Center, US Geological Survey, 
 http://earthquake.usgs.gov/regional/neic/. 
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Volcanoes
Dvorsky, George, 2014, a major step to predicting when supervolcanoes will explode, Earth 

Sciences, 
 http://io9.com/a-major-step-to-predicting-when-supervolcanoes-will-exp-1495554422.
Newitz, annalee, 2013, What Will Really Happen When the Yellowstone Supervolcano Erupts?, 

http://io9.com/what-will-really-happen-when-yellowstone-volcano-has-a-508274690.

Radon
Radon Fact Sheet, air Check Inc., 2009, http://www.radon.com/radon/radon_facts.html. 
Radon: Health Risks, Environmental Protection agency, 2013, 
 http://www.epa.gov/radon/heathrisks.html.
Radon Information, Environmental Protection agency, http://www.epa.gov/radon/index.html. 
Radon (Rn), United States Environmental Protection agency (EPa), 
 http://www.epa.gov/radon/. (Includes state radon maps with county-level data, 
 http://www.epa.gov/radon/whereyoulive.html.)

Earth Hazards Teaching Resources
Impact of Natural Disasters on the Earth, by J. Radke, hamline University Graduate School of 

Education MnSTEP Teaching activity Collection, 
 http://serc.carleton.edu/sp/mnstep/activities/19789.html. 
Investigating Speed and Acceleration Using Tornado Tubes, hamline University Graduate School 

of Education MnSTEP Teaching activity Collection, 
 http://serc.carleton.edu/sp/mnstep/activities/27202.html. 
Karst Formation, City of austin Youth Education resources, http://austintexas.gov/sites/default/

files/files/Watershed/youth_education/karst_lesson_high_school.pdf. 
Landslide Hazards Program, US Geological Survey, http://landslides.usgs.gov/. 
Natural Hazards and Risks: Hurricanes, by L. Gilbert, J. Galster, and J. Ramage, SERC Module 

on hurricane hazards, 
 http://serc.carleton.edu/integrate/teaching_materials/hazards/index.html. 
Radon Activities from the Alabama Radon Program, alabama and auburn Universities Extension, 

http://www.aces.edu/fcs/hndh/radon/alradon.php. 
Science Serving Coastal Communities, The National Centers for Coastal ocean Science 

(NCCoS), http://coastalscience.noaa.gov/. 
Teaching Quantitative Concepts in Floods and Flooding, SERC Resources for Undergraduate 

Students and Faculty, http://serc.carleton.edu/quantskills/methods/quantlit/floods.html.
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