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Fire & Dogs
· Both used by humans for 100,000 years

· Key to dominance of mankind

· Fire used for: Cooking food 

· 

increased the variety and quality

· 

increased the caloric efficiency (40%)

· Allowed migration into colder climates

· Aid in agriculture

· Dogs are unique
· Only animal with a built in need to please humans
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· Used for
· Hardening 
· 

pottery

· 

weapons 

· Smelting (purification of) metals

· Sterilization ( public health

· Energy for civilization ( industry, domestic power, travel
GEOL 4237

Chapter 14

Fire

What is Fire?

· Rapid combination of oxygen with hydrocarbons, that produces flame, heat and light

· Fire reaction:

C6H12O6 + 6 O2 ( 6 CO2 + 6 H2O + released heat

· Photosynthesis reaction:

     6 CO2 + 6 H2O + heat from Sun ( C6H12O6 + 6 O2
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Causes

· Humans cause 85% of fires
· Of these most are of unknown origin

· 22% is Arson

· Lightning starts 15% of U. S. fires
· Burns more acres than human caused fires

· 1,800 thunderstorms active on Earth each hour
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The Need for Fire

· Plant organic material is recycled

· slow decomposition
· rapid burning
· Decomposition requires heat and moisture

·  efficient in humid climates
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· Mediterranean climates:

· Wet cool winters
·  Little decomposition

·  but vegetation grows

· Dry Summer Fires
· Necessary for plants
· Germinates seeds, controls parasites, influences insects

· Creates nutrients

· Tropical Climates
· Recycling by high temperature & moisture

· No need for fires
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Fire Triangle

· Fire requires the right combination:

· Fuel

· Oxygen

· Heat

· Heat warms up and dries out vegetation

· Fire limited by amount of fuel available

Firefighting: 

· Reduce heat

· water

· Block Oxygen

· Reddish-orange retardant bentonite, (clay & water)

· Remove Fuel

· Bulldozing vegetation or setting backfires
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· Firefighting:
· Inhibit Chemical Chain Reaction

· Purple K
· Stops free radicals from forming in fire.

· Class B fires (flammable liquids)

· Developed by Navy 

· Not applicable for most Natural Disasters
Hot shot crews use ground transportation to fight a fires

Smoke Jumpers (groups of 2 to 10) are flown in with about 100 pounds of equipment.  They save their parachutes and pack all their equipment out.  They purchase their own boots, knife & watch.  Jumpsuits & other equipment are provided.
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The Burning of Rome, 64 C.E.

· Fire broke out in Circus Maximus and spread to cramped neighborhoods (Emperor Nero returned from Antium to Rome)

· Fire spread through 10 of 14 districts over 6 days

· After fire, Nero rebuilt Circus Maximus and other areas, removed debris, ordered wider streets, stone buildings, etc.)
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Fuel Categories

· Grasses:

· Broad, exposed surfaces ( fast spreading fires

· Shrubs:

· Loose layering provides ample access to air

· Trees

· Understory of slash & shrubs  (  major wildfires

· Small fires are beneficial

· Eucalyptus

· high oil content

· ignites easily & burns hot

· Chaparral - drought resistant shrubs common in California
· Preheating: water expelled from fuel by 


- nearby flames


- drought


- hot summer day

· Wood needs to be dry and hot to burn

· Cellulose is stable up to 250oC, breaks down quickly at 325oC

· Cellulose begins to degrade during pyrolysis


(Radiant Heating)

· 
Chemical structure breaks apart yielding 
· 
flammable hydrocarbon vapors

· 
tar

· If oxygen present, temperature raised ( pyrolized gases ignite
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Stages of Fire

· Flaming combustion: stage of greatest energy release, through convection, radiation, conduction, diffusion, as gases are released by decomposition of fuel (pyrolysis).

Glowing combustion: wood itself burns slowly, at lower temperature, without flames
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· Foehn (Chinook, Santa Ana) Winds

· High-pressure air mass spills over mountain range

· descends fast as warm, dry wind (adiabatic warming)

· Occur in September through April

· high-pressure air sits over Great Basin and Rocky Mountains 

· Local Winds (caused by temperature differences)
· Sea breezes, land breezes, lake breezes

· Slope winds, valley winds

· Firestorms need winds to propagate

· When wind blows, fire goes

· Stopped only by change in weather
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Fire Weather: Southern California

Oct. 1993: 

· Santa Ana winds spread fires

·  downed power lines, transient’s campfire, arsonists’ fires

· Winds died down, some control gained
· November

· Winds hit up to 80 km/hr

· Fires burned out of control, stopped only at ocean

· 3 people killed

· 200 people injured

· 1,150 homes destroyed
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The Spread of Fire

Topography

· Microclimates of different plant communities

· Turbulence of winds blowing through rugged topography

· Steep canyon slopes have high levels of radiant heat

· Fire burns faster upslope than downslope – rising heat preheats slope above and creates chimney effect

Fire Behavior

Heat given off creates unstable air and convection columns ( fire tornadoes
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Fire Weather: California

· Four seasons

· Flood, Drought, Fire, and Earthquake

· Mediterranean climate

· Dry hot summer

· Cool wet winters
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· Chaparral:

· One of most flammable plant groups 

· aromatic oils

· Evolved for dry ecosystems

· extensive in S. California

·  fire germinates seeds

· Vicious cycle
· Fire Weather: Oakland and Berkeley Hills

· Expensive homes and decorative plants

· 1980s five-year drought 

· 1990 freeze

· 1991 rainy spring & summer drought
· October 19, 1991

· fire of suspicious origin started near hilltop

· Fire extinguished on Saturday

· Sunday 

· Diablo winds blew sparks into crown fire

· Consumed 790 homes in one hour

· 25 people killed

· 3,000 dwellings destroyed
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Fire Weather: Great Lakes Region

· Peshtigo, Wisconsin
· Deadliest forest fire in U.S. history

· 1871 Heavy logging, abundant slash

· Summer drought and strong winds

· farmer fires to clear land get out of control

· 24 km wide crown fire raced forward with fire tornadoes

· Covered 65 km and killed 1,152 people
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Fire Weather: Great Lakes Region

· Chicago, Illinois 1871
· fire broke out in O’Leary’s barn 

· Spread northeast burning businesses

· Jumped Chicago River

· burned tenements

· spread downtown

· In 27 hours

· burned most of downtown

· (300 people killed

· 100,000 homeless

· Rebuilding aided Chicago in becoming a world class city
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Home Design and Fire

· Poor decisions:

· Home of wood or roofed with wooden shake shingles

· Wooden decks extending over steep slopes (concentrate heat)

· Natural or planted vegetation from yard right up to house or draping over roof

· House can ignite by:

· Flames traveling through vegetation or along wooden fence

· Flames generating enough radiant heat to ignite exterior

· Embers carried by wind dropped on or next to house
· Safer decisions:

· Clay- or concrete-tile roofs, stucco exterior walls, double-pane windows, few overhanging roofs or decks

· Fire breaks of cleared vegetation extending at least 9 m from house, farther if on a slope

· How Well Have Californians Learned?

· 1923: firestorm destroyed 584 houses in Oakland – Berkeley Hills area

· Committee identified six factors that led to building loss

· After 2003 San Diego wildfires, task force identified six factors that led to building loss

· Five of six factors are identical on two lists
Topography
· Fire burns faster upslope than downslope

·  rising heat creates chimney effect
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Fire Suppression

· 19th Century
· Forests with 30 big trees per acre

· Typical ground fires

· burned grasses and thin litter without harming trees

· 20th century: policy of suppressing fires

· Big reduction in number of acres burned

· After limiting fires: 

· Forests had ≈ 3,000 big trees per acre and shrub understory

· Slow, hot fires kill big trees
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Yellowstone National Park

· Policy until 1970s:

· Extinguish all fires as soon as possible

· 1970s

· Extinguish human-made fires, let lightning fires burn

· 1976-1987: only small 235 lightning fires

· Policy judged successful

· Winter of 1987-88

· dry

· 90 years of fire suppression built up dead wood on ground
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· Summer of 1988:

· No rains
· August high winds & temperatures

· fires burned out of control until mid-September.
· Winter conditions extinguished fires

· 1.4 million acres burned, half of Yellowstone

· In previous 116 years, only 146,000 acres burned
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California vs Baja California

Pay Now or Later
· In U.S.: fires fought

· To not let fire interfere with human activities

· Chaparral allowed to grow

· Santa Ana winds firestorms

· Fewer fires, but more large ones

· In Mexico: fires allowed to burn

· Older chaparral surrounded by younger, less-flammable plants

· More numerous fires, but smaller
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The Western and Southern United States in 2000
· Cool ocean water (La Niña) in eastern Pacific in 1999, 2000 ( drier than average weather in southern states

· Northwest United States has wet conditions
· Almost three times more acreage than average year burned in southern states
· On busiest day:

· 84 large fires on 1.6 million acres in 16 states in the southern states
During El Niño the fires are huge in the Northwest U. S.
(e.g. 2015 when over 7 million acres burned)

· Solution to problem of dense forests and shrublands

· Deliberately set under ideal conditions

· low wind speeds

· low temperatures

· high humidity

· 1995 to 2000: more than 31,000 prescribed fires

Los Alamos, New Mexico, May 2000

· Controlled fire set at Bandelier National Monument

· to clear understory of brush

· High winds created a wildfire the next day

· Consumed 50,000 acres of national forest

· 235 Los Alamos houses

· 115 buildings at Los Alamos National Laboratory
Australian Wildfires

· The worse wildfires correlate with drought and wind

· Occurs when a strong El-Nino is in effect

· Ocean waters near Australia are cooler

· Ocean evaporation is reduced

· Low precipitation follows

· Strong high pressure forms southwest of Australia

· As it moves eastward it moves downslope causing warming

· Northwest winds cause fires to move toward Melbourne and Adelaide

