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California Wildfires, 2018
Fields of Study: Firefighting; Ecology; Environmental Studies
ABSTRACT
Fueled by weather patterns and dry conditions, several major wildfires impacted the state through June-November in
2018 in various locations in the state of California.
Firefighters battled the largest wildfire in state history in
July, while in November, a devastating fire north of Sacramento killed dozens of people and caused more than $16
billion in damages.

for the majority of the deaths and was one of the
deadliest fires in US history.
In 2017, California had what was then its worst
wildfire season with more than 1.2 million acres
(486,622 hectares) of land burned. For several years,
the state had been suffering from a severe drought
that left behind acres of dead brush and trees. Cali-

KEY CONCEPTS
drought: a period of time characterized by higherthan-normal temperatures and lower-than-normal
precipitation
firestorm: a fire of such intensity that it creates and
maintains its own wind system
hectare: an area of land equivalent to 2.5 acres
wildfire: a fire that progresses so rapidly as to be
both uncontrolled and uncontrollable
OVERVIEW
In 2018, the state of California experienced the
deadliest and most destructive wildfire season to
that point in its history. Fire crews battled more than
8,000 wildfires that charred more than 1.8 million
acres (728,434 hectares), destroyed more than
17,000 homes, and left more than 100 people dead.
The most devastating of the fires occurred in November in Butte County, north of Sacramento. The
fast-moving Camp Fire, so named because it started
on the county’s Camp Creek Road, was responsible

California National Guard UH-60 Blackhawk crews drop water on
the Ponderosa wildfires near Redding, California. Photo via
Wikimedia Commons. [Public domain.]
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fornia is prone to wildfires, and the dry conditions
coupled with the abundance of potential fuel meant
the 2018 wildfire season was likely to be similar to
2017.
Scattered fires were reported in the state in April
and May, but the first fatal fire claimed the lives of
three people in June. A large blaze called the Carr
Fire erupted in late July in Shasta and Trinity counties. The Carr Fire destroyed more than 230,000
acres (92,000 hectares) and killed eight people.
About the same time, two fires in Lake and
Mendocino counties joined together to form the
Mendocino Complex Fire. The fire, which killed one
firefighter and burned more than 459,000 acres
(183,600 hectares), was the largest wildfire in California history. In early August, the areas of California affected by the fires were declared federal disaster areas.
On November 8, 2018, two major wildfires
erupted on the same day in two parts of the state. In
southern California, the Woolsey Fire broke out in
Ventura and Los Angeles counties. The fire killed
three people, destroyed more than 1,600 homes,
and burned more than 96,000 acres (38,400 hectares). Almost 300,000 people were forced to evacuate from their homes.
Similar to most of the wildfires across the state,
the Camp Fire in Butte County was fueled by an
abundance of dead brush and trees, but it was made
worse by dry winds funneled down the slopes of the
Sierra Nevada Mountains to the east. The 40- to
50-mile per hour (64- to 80-kilometer per hour)
winds whipped the flames into a quick-moving firestorm that consumed about 80 acres (32 hectares) a
minute and 70,000 acres (28,000 hectares) over a
twenty-four-hour period.
As the blaze rushed toward the town of Paradise, a
community of about 27,000 people, residents were
ordered to evacuate. However, the fire moved so
quickly that some people did not have enough time
to leave before the flames were upon their homes.
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Overwhelmed firefighters prioritized rescue operations over containment, racing to save as many
people as possible. Despite their efforts, an estimated 13,696 homes—about 90 percent of the town
of Paradise—were destroyed and eighty-eight people were killed. Many of those who died were so
badly burned, medical officials could only identify
them through DNA or dental records.
More than 5,500 firefighters—some called in
from neighboring states—battled the Camp Fire for
several weeks. The effort included the use of more
than 630 fire engines and 23 helicopters. The blaze
was not fully contained until November 25.
IMPACT
The eighty-eight fatalities from the Camp Fire made
it the deadliest fire in California’s history and the
deadliest fire in the United States since 1918. The
fire ranks fifth all-time among deadliest blazes in US
history and twelfth all-time on a worldwide scale.
The fire burned more than 150,000 acres (61,200
hectares) and caused an estimated $16.5 billion in
damages, the costliest natural disaster worldwide in
2018. The Woolsey Fire, which caused an estimated
$4 billion in damages, was the fifth-costliest natural
disaster.
Six months after the Camp Fire, many residents
of Paradise had expressed an interest in rebuilding,
though the site of the town remained on a list of
high-risk areas for future wildfires. The region’s
lone hospital and eight of the area’s nine schools
damaged or destroyed in the fire remained closed.
The heat from the fire damaged the city’s water
pipes, contaminating them with carcinogenic benzene. Officials estimated repairing the damaged
pipes could take up to two years.
While the drought conditions and other meteorological factors contributed to the spread of the
Camp Fire, officials also believed preventive logging
practices likely increased the fire danger. An attempt to reduce fire risk by clearing out larger trees
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Map of the 2020 California wildfires. Map by Phoenix7777 via Wikimedia Commons.
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September 2020: The Bobcat Fire in the San Gabriel Mountains, as viewed from Monrovia, California. Photo by Eddiem360 via Wikimedia
Commons.

United States were still experiencing drought conditions and the risk of fire remained high.
In mid-August, a storm moved into California
from the Pacific, raising hopes that it would provide
rain to mitigate the fire risk. However, the precipitation from the storm was limited to the upper atmosphere, falling as “verga,” and never reached the
ground. Instead, the storm produced an estimated
15,000 lightning strikes, igniting numerous fires
across the state. In some cases, smaller fires merged,
forming larger blazes known as complex fires. The
fires were whipped along by strong Santa Ana and
Diablo winds. California’s governor, Gavin Newsom,
declared a state of emergency and reported that
about 367 fires were raging in the state.
One of the large wildfires caused by the storm
erupted when a cluster of fires merged together in
California’s wine country, north of San Francisco.
The blaze, which was given the name the LNU
Lightning Complex fire, burned in the hills surrounding several large towns, including Napa,
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Fairfield, and Vacaville. The fire forced the evacuation of more than one hundred thousand people.
Before it was extinguished in early October, the
LNU Lightning Complex fire burned 363,220 acres
(145,288 hectares), destroyed almost 1,500 structures, and killed six people. As of 2021, it was the
sixth-largest fire in California history.
Another large fire, dubbed the SCU Lightning
Complex, also erupted near San Francisco and in
the counties south of the city in mid-August. Although the fire burned 396,224 acres (158,490 hectares) the fourth-largest in state history, it was in a
more remote area. It destroyed only 222 structures
and did not result in any fatalities. The North Complex fire began on August 17 in Northern California’s Plumas National Forest, and was briefly considered to be under control before high winds fueled its
expansion in early September. The fire burned until
December, destroying the towns of Berry Creek and
Feather Falls and killing fifteen people. It was the
deadliest blaze of the 2020 wildfire season, and the
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seventh-largest in state history, burning 318,933
acres (127,573 hectares).
The Creek fire began in the Sierra National Forest near Fresno in September. Although the cause of
the fire remained under investigation as of 2021,
fire officials believe it was also caused by lightning.
The fire burned 379,895 acres (151,958 hectares),
the state’s fifth-largest, and destroyed 853 structures. No deaths were reported from the fire.
The largest fire of the 2020 wildfire season, and
the largest fire in California’s history, was the August
Complex fire, which charred more than 1 million
acres (400,000 hectares) in a six-county region north
of San Francisco. The fire resulted from the merger
of more than thirty smaller blazes in mid-August. At
its greatest extent, the fire was larger than the state
of Rhode Island. The August Complex fire raged
until November, destroying 935 structures and resulting in the death of one firefighter.
As the fires burned through August and into the
fall, they sent large plumes of smoke into the atmosphere. The smoke drifted eastward where it resulted
in hazy skies and poor air quality across much of the
United States. By year’s end, the 2020 California
wildfires had destroyed 4.2 million acres (1,680,000
hectares) and left thirty-one people dead. Among
those killed were three firefighters. Damage estimates
from the fires range from $7 billion to $13 billion.
—Richard Sheposh
See also: Fort McMurray Wildfire; Attica Wildfires; Australia’s “Black Summer” Bushfires; California Wildfires, 2020;
Bushfires; Bushfires and Fuel Reduction; Fire Prevention
and Control; Fires in Nature; Fires in Yellowstone National
Park; Forest Fire Modeling; Forest Fires and Healthy Forests; Rain Forests and Atmosphere; Wildfire Management;
Wildfires; Wildfires and Wilderness Life Cycles
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Carbon Monoxide Poisoning
Fields of Study: Biochemistry; Biology; Medicine
ABSTRACT
Carbon monoxide poisoning is caused by exposure to toxic
levels of carbon monoxide, a colorless, odorless, and tasteless gas derived from incomplete burning of carbon-containing organic materials, such as gasoline, natural gas,
oil, propane, charcoal, coal, and wood.
KEY CONCEPTS
charcoal: wood pieces that have been burned without
adequate oxygen so that the pieces are carbonized
but not converted to either carbon dioxide or carbon monoxide; the process effectively just drives
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The Darvaza gas crater in Turkmenistan has been on fire since at least 1971. Photo by Tormod Sandtorv via Wikimedia Commons.

The crater is situated roughly in the middle of the
Karakum desert, with the nearest town being
Darvaza. Fire erupts from several “hot spots”
throughout the crater, and boiling pools of mud
splatter the floor of the crater, all of which gives the
crater a very Hellish appearance. The human fascination with fire has made the burning crater one of
Turkmenistan’s main tourist attractions. Interestingly, there are living things to be found in the fiery
crater, as was proven in July, 2014, when Canadian
daredevil explorer George Kourounis became the
first person to set foot on the crater floor on behalf
of the National Geographic Society to collect samples of the extremophiles living in the bubbling hot
mud pools.
FORMATION OF THE CRATER
An unofficial account of the crater’s formation is had
from geologist Anatoly Bushmakin. In his account,
that region of the Karakum desert had been erroneously identified by Soviet geologists as a large oil
field. Accordingly, a drilling rig was erected at what
is now the site of the burning crater and drilling began. The purpose of this exploratory well was to as-
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sess the amount of oil that should be available from
the field. The drilling had not gone on for very
long, according to Bushmakin, before the drill
struck an underground cavern acting as a gas
pocket. With the structural integrity of the cavern
roof compromised, and one may assume accompanied by a significant loss of gas pressure that helped
to support it, the site collapsed beneath the drilling
rig. The rig fell to the bottom of the cavern, which
has existed since as the Darvaza crater. According to
Bushmakin, all of the workers at the drilling rig
managed to get to safety rather than falling into the
abyss with the drilling rig.
It is not clear without definitive records whether
the pit was burning following the collapse of the gas
pocket or if it ignited some time afterwards. Nor is it
exactly clear when the crater formed. Local geologists claim the collapse actually happened in the
1960s rather than 1971, while there is even some
suggestion that the collapse happened in the 1950s.
Others claim the crater didn’t start burning until
sometime in the 1980s. There are no official records
available that support or deny either version of
events. But satellite images captured in 1972 by the

Halifax Explosion

Halifax’s narrow harbor was not easy to navigate:
The town of Halifax is on the south side, and the
community of Dartmouth is on the north side. Between the cities is a stretch of water, known as the
Narrows, that connects the outer harbor with an inner harbor called Bedford Basin. Merchant ships
making routine trips generally used the outer harbor, whereas ships awaiting convoy to Europe assembled in Bedford Basin. The harbor’s heavy traffic
made the Narrows a hazardous place for ships to
maneuver.
Halifax was known for potentially treacherous
tides and weather, but the tides were moderate and
the weather sunny as the French steamer Mont Blanc
entered the Narrows on the morning of December
6, 1917. The ship was headed for Bedford Basin to
join a convoy bound for Bordeaux two days later.
Constructed in 1899, the 3,000-ton ship flew the flag
of the French shipping company Compagne

Newspaper headlines and map (The Boston Daily Globe, December 8, 1917) reporting the aftermath of the Halifax Explosion on December 6, 1917. Photo via Wikimedia Commons. [Public domain.]
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Générale Transatlantique. Its captain was Aimé Le
Médec; harbor pilot Francis Mackey guided the ship
into the Narrows. The Mont Blanc carried a dangerous cargo of 2,600 tons of American explosives
(TNT, benzene, picric acid, and guncotton) destined
for Allied armies in Europe. Ammunition ships typically flew red flags to warn other vessels of such dangerous cargo and to ensure that they were given a
wide berth, but the Mont Blanc was not flying a red
flag. Ammunition ships were prime targets for German submarines, and Captain Le Médec did not
want to signal his cargo to any U-boats along the
way.
At the same time the Mont Blanc was entering the
Narrows, the 4,000-ton Norwegian steamship Imo
was headed out to sea. A former passenger ship
owned by the Belgium-based South Pacific Whaling
Company, the Imo had been chartered by American
relief agencies planning to distribute donated food
and clothing to those suffering from the war in Europe. The Imo‘s captain was Haakon From, and its
harbor pilot was William Hayes. The Imo, empty of
cargo, had arrived in Halifax from Rotterdam the
previous day as part of a westbound convoy and was
now headed for New York. Both ships, coming from
opposite directions, entered the Narrows at 7:30
a.m. Either Le Médec or Mackey spotted the Imo
and signaled to the ship that the Mont Blanc intended to pass on the wrong side; that is, on the
starboard side instead of the traditional passing
down the port side. This was contrary to established
maritime procedure, but it was easier for ships entering the harbor to dock in Halifax on the south
side of the Narrows than by passing outbound ships
on the left. At 8:15 a.m., the tugboat Stella Maris
pulled away from the Halifax docks. The sudden appearance of the tugboat caused the Imo to turn to
avoid a collision, placing it in the path of the Mont
Blanc. The Mont Blanc sounded a blast of its steam
whistle to signal its intention to maintain course.
Unaware of the Mont Blanc‘s hazardous cargo, the
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Imo responded with two steam-whistle blasts that announced the Imo‘s claim of right-of-way and intention to continue on its course. Unwilling to yield,
both ships reduced speed, but not enough to avoid a
glancing collision.
The jolt, which occurred at 8:45 a.m., ruptured
the benzene tanks on the Mont Blanc‘s upper deck,
and sparks from the scraping hulls caused the area
to burst into flames. The Mont Blanc‘s crew was unable to contain the fire, and rather than forcing the
Mont Blanc to sink by flooding its explosive-filled
holds—an act that might have prevented the looming catastrophe—they abandoned ship. The impact
with the Imo caused the Mont Blanc to drift toward
the shore and into the crowded city. The crews of
the Stella Maris and the Royal Canadian Navy warship Niobe attempted to take the Mont Blanc under
tow, but the ship drifted to the Halifax side of the
Narrows. Innocent bystanders assembled to watch
the events in the harbor, and many were killed and
injured when, twenty minutes after the collision, the
Mont Blanc exploded.
The eruption transformed the Mont Blanc into a
storm of shrapnel: The half-ton anchor flew more
than 2 miles. An enormous shockwave flattened
more than 2 square miles of the city, and an eerie
mushroom cloud rose 3 miles over Halifax. The explosion shattered windows 10 miles away, and the
detonation was felt on Prince Edward Island, which
was more than 100 miles away. Many small boats
simply disappeared, and several larger vessels capsized. A 15-foot seismic wave crashed into the shattered shore, drowning many of those not killed outright in the blast. Fires, ignited by toppled coal
stoves, spread out of control.
The detonation destroyed huge sections of Halifax. More than sixteen hundred buildings were leveled, and nearly half of Halifax’s population of
roughly fifty thousand were homeless or lacked adequate shelter. To add to the city’s misery, a blizzard
on December 7 seriously hampered relief efforts. In

Halifax Explosion

all, nearly two thousand residents of Halifax and
Dartmouth died in the attack. Among the dead were
half the crew of the Imo, including Captain From
and Pilot Hayes. Only one crew member from the
Mont Blanc died; Captain Le Médec and Pilot
Mackey both survived.
SIGNIFICANCE
The Halifax explosion was one of the world’s most
devastating human-made disasters. The accident
triggered the most powerful explosion in history up
to that time and remained the largest nonnuclear
explosion in history. Its destruction was alleviated,
however, by the financial and humanitarian assistance that immediately flowed into Halifax. Ship
captains at sea, either hearing or feeling the explosion from miles away, steamed toward Halifax. Relief trains from Boston plowed through the blizzard,
arriving in time to save thousands of lives. In the
months immediately after the blast, the Halifax Relief Commission received and disbursed nearly 30
million dollars’ worth of food, clothing, and supplies. Because of its importance as a wartime port,
the reconstruction of Halifax and its harbor facilities
became a priority for the Canadian and British governments. Temporary housing sheltered most of the
city’s returning inhabitants until the city’s reconstruction after World War I.
No one was ever held responsible for the accident.
A maritime investigation concluded that the Mont
Blanc caused the collision but that the Imo was also
partially responsible. Because both From and Hayes
died in the explosion, however, prosecutors could offer only a limited amount of evidence, and although
they charged Le Médec and Mackey with manslaughter, there was not enough evidence available to convict them. Le Médec returned to France, Mackey resumed his job as a harbor pilot, and Halifax tried to
recover from its deadly blow. To this day, the city of
Halifax and the Government of Nova Scotia sends a
huge Christmas tree to the city and people of Boston
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each year in thankful commemoration of the relief
they provided following the disaster.
—Steven J. Ramold
See also: Bombing of Dresden, Germany; Combustion vs.
Explosion; Explosive Technologies; Lac-Mégantic Fire
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Heat Capacity
Fields of Study: Thermodynamics; Physical Chemistry; Physics
ABSTRACT
The total heat capacity of an object is the amount of energy
needed to raise its temperature one Celsius degree. Heat
capacity is usually measured in joules per Celsius degree.
Thus, if an object has a heat capacity of 500 joules per
Celsius degree, adding 500 joules of thermal energy will
increase its temperature by 1° Celsius.
KEY CONCEPTS
composition: the specific elements and compounds of
which an object is composed, and the structural
arrangement of those materials within the object
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density: the mass of a material per unit of volume,
such as grams per cubic centimeter
heat capacity: defined in physics as the amount of
thermal energy in joules required to raise the
temperature of a material by 1° Celsius
mass: specifically, the weight of material within the
total volume of an object
DEFINITION
The total heat capacity of an object is the amount of
energy needed to raise its temperature one Celsius
degree. Heat capacity is usually measured in joules
per Celsius degree. Thus, if an object has a heat capacity of 500 joules per Celsius degree, adding 500
joules of thermal energy will increase its temperature by 1° Celsius. Adding 1,500 joules will increase
its temperature by 3° Celsius, and so forth. Removing the same amount of thermal energy will decrease the object’s temperature by the same amount.
ANNUAL AVERAGE TEMPERATURE MAP
An object’s heat capacity is related to both its composition and its mass. Scientists divide heat capacity
by mass to determine an object’s specific heat capacity, or specific heat, which is a property of composition alone. Heat capacity and specific heat are thus
closely related, but heat capacity is a property of a
particular object, while specific heat is a more general property of a type of material.
Particularly for gases or liquids, the heat capacity
and specific heat can differ under different conditions, such as pressure or volume. Hence, specific
heat capacity tables often list specific heats at constant pressure and at constant volume.
SIGNIFICANCE FOR CLIMATE CHANGE
Using various climate change computer models, climate researchers try to predict changes in global
surface temperature. One of the many input parameters for these calculations is the change in the energy content of Earth’s climate system. Energy

