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Intro
· Disaster paradigm a natural force is not dangerous in itself, but becomes so in relation to human activities and values 
· Risk a product of the probability of an event x the consequences should it occur
· Hazard any natural process that threatens human life or property
· Consequences damage to people, property, economic activity, public service
· Acceptable risk what is society willing to risk?
· Barrier lack of data on probability and consequence 
· Intervening conditions not directly related to the hazard or human vulnerability
· Hewitt 6 forms of vulnerability:
· Exposure to dangerous agents and environments, weaknesses
· Lack of protection against dangerous agents and for weaker people and items
· Disadvantage (lack of resources etc.)
· Lack of resilience
· Powerlessness (inability to influence safety conditions)
· Mitigation efforts to prepare for disasters and minimize their harmfulness 
· Direct effects vs. indirect effects
· Disaster and catastrophe events that cause serious injury, loss of life, and property damage over a limited time and specific area 
· Prediction specific time and size of event
· Forecast more uncertain prediction 

Landslides – pg. 130-159
Causes
· Cause internal or external factor that over time reduces the stability of a slope and brings it to the point of failure 
· Trigger event that sets off the landslide, it can be considered “the final straw” 
· Can be the result of a number of related and sometimes unrelated circumstances difficult to determine the specific factor that led to the failure 
· Sometimes landslides occur as a secondary event following another disaster such as an earthquake or dam failure
· Heavy rainfall
· Logging and deforestation loosens the soil and gets rid of forest cover
· Earthquakes can be contributing factors
· Shallow-rooted trees 
Processes
· Three general types of movement of material on slopes and cliffs
1. Fall
· Moves through the air and lands at the base of the slope
· Dry process triggered by vibration, human or natural or wedging ice or vegetation
· Rapid process a hazard to those underneath
2. Slide
· Movement in contact with the underlying surface along a plane surface 
· Identified by
· Character of surface of plane
· Type of material rock, sediment
· Water content
· Speed of movement
· Examples: rockslide, translational slide slump, slip
3. Flow
· Flows are plastic or liquid movement, in water or sometimes air
· Mass breaks up and flows during movement
· Types include: solifluction, mudflow, debris flow, (mud, debris and water) debris and snow avalanche 
· Slump type of slide in which the failure plane is curved upward 
· Creep very slow flow of rock or sediment, millimeters/ dozens of centimeters per year
· Sackung huge, slow-moving landslides 
· Topple slow movement of a rock pivoting around a point 
· Rock avalanches high-velocity flows of fragmented rock
· Subaqueous landslide underwater 
· Landslides are mainly a result of a change in the forces on a slope driving and resisting forces
· Driving forces move rock or sediment down a slope weight on a slope
· Resisting forces oppose movement shear strength of the slope material
· Driving and resisting forces on slopes are determined buy the interrelations of: types of materials, slope and topography, climate, vegetation (reduces the impact of rain, adds weight to a slope, roots add strength), water (rain, erosion, infiltration of water), time 
· La Conchita, California 10 fatalities, reactivation of a 1995 landslide, heavy rainfall leading up to it
· Contributing factors presence of steep, high slopes (180m high), weak rocks, numerous historic and prehistoric landslides, periodic prolonged and intense rainfall
· Solutions stabilize, change the land use, warning system
· Can be triggered by earthquakes, floods, volcanoes, storms, fires etc. 
Geography of risk
· Most landslides are associated with steep slopes and the valleys that receive the mass movement
· Areas in Canada that are more at risk mountainous areas (BC, Yukon, Alberta, Appalachians, New Brunswick), St. Lawrence Valley (clay) 
Prediction and Warning 
· Consider these conditions:
· Slopes and seismic activity consider over-steepened slopes enhanced by seismic activity
· Geology and structure consider soluble rocks or those weakened by water, bedding planes
· Surface water buildup consider the water conditions and springs, pools of standing water
· Topographic and vegetation features consider scarps, old landslides, hummocky and young vegetation
· Accelerated creep consider equipment embedded in slope, vegetation steps, and cracked road surfaces
Prevention and Mitigation
· In general the prevention of landslides is mainly through engineering responses techniques to control the movement of land downslope, or to reduce the moisture levels in the slope system
· Structural controls:
· Slope drainage introduce interceptor drains, capture runoff and transport away from slope, repair perforated pipes and wells by draining water by gravity or pumping it out
· Slope reduction grade steep slopes, reduce instability by introducing benches and terraces, remove falling material 
· Engineering to resist mass movement armour the surface to reduce erosion with concrete, crushed rock, bolts etc. 
· Engineering to mitigate damage use netting or wire fences, ditches or berms, rock sheds or tunnels 
Human interaction 
· Timber harvesting clear-cutting and the construction of logging roads to remove cut timber 
· Urbanization cities with steep slopes, large populations etc. 
Key terms
· Colluvium the broken rock or sediment deposited by mass movement processes, including creep and landslides
· Mass wasting any type of downslope movement of rock or sediment 
· Shear strength internal resistance of a body of rock or sediment to shear and failure 
· Talus fragments of rock that have fallen from a cliff or steep slope and accumulated at its base 

Flooding – pg. 206-243
River systems
· Fluvial processes
· Surface flow (runoff) finds its way to small streams, which come together to form rivers
· Drainage basin the region drained by a single stream 
· One important characteristic of a river is the slope of the surface over which it flows (gradient) 
· Rivers move water and earth material (total load) 
· Stream discharge velocity, erosion, deposition
· The velocity of water changes along the length of a river, affecting channel characteristics and both erosion and sediment deposition
· Discharge = the volume of water that moves through a cross-section of a river per unit of time 
· Channel patterns braided (large number of intersecting active channels), anastomosing (two or more channels and intervening stable islands or bars where sediment is temporarily stored), meandering (single channel shaped like a snake)
· Discharge and flow is often expressed in for form of a stream hydrograph 
· A hydrograph with a very steep peak indicates the rainfall or runoff travels through the system very quickly, and could suggest potential for a flash flood
· A very long and flattened slope could suggest a slow build-up of streamflow and possibly a regional flood (or in many cases little impact with minimal flooding) 
· The pattern of a river course is related to erosion and deposition
· Most interested to know about the floodplain what is the pattern of channel flow through the floodplain? What is the pattern of pools and riffles? 
· Types of floods 
· Flash floods occur rapidly and with little warning 
· Associated with intense rainfall events like convective thunderstorms 
· Likely to occur where the river channel has a strong channelized flow
· Usually account for most flood related deaths since they're unpredictable
· Regional floods cover large areas and build slowly
· Cover large areas in extensive river valleys with flat topography
· Occur following periods of prolonged rainfall or large snowmelt 
· Upstream floods
· Occur in the upper parts of drainage basins 
· Intense rainfall of short duration over a small area
· Downstream floods
· Affect larger areas than flash floods and are commonly more deadly 
·  In Canada southern Manitoba
·  Hazards
· Secondary effect of hurricanes and earthquakes 
Geography of risk
· Any area with a stream channel has the potential to flood 
Prediction and warning 
· In managing the flood hazard it is important to determine the frequency of flooding
· Planning and land use are often dependent on the predicted interval of flood events 
· Often, the bigger the flood the longer the return interval 
· Floodplains can be mapped based on a 20, 50, and 100 year flood 
Adjustments 
· Adjustments to flooding can be considered as either structural (dams, levees, sandbags) or non-structural (forecasting, zoning, land use, and insurance) 
· Channelization and restoration
· Channelization modification of the stream channel such as straightening or deepening 
· This often occurs in urban areas where the stream is fitted to the built structures
· Channelization can have a number of impacts on the stream channel 
· In general, it will increase the possibility of flash floods which are shorter in duration and larger in volume 
· Floods will also increase in frequency 
· To mitigate the impact of channelization, many stream restoration projects have been initiated return severely modified streams to a more natural state 
Key terms 
· 100-year flood the largest flood likely to occur along a stream within any 100 year period (1% probability in a given year) 
· Bedding plane a planar surface separating two layers of sedimentary rock 
· Discharge the volume of water flowing past a point in a stream channel over a specific period, typically a second (m^2/s)
· Floodplain the flat land adjacent to a stream produced by overbank flow and lateral channel migration 
· Floodplain regulation the government restrictions on land use in areas subject to flooding by streams 
· Hummocky the irregular ground characterized by numerous mounds and depressions 
· Levee a linear mound or embankment bordering a stream 

Wildfires – pg. 320-343
Processes
· Wildfires play an integral role in maintaining natural ecosystems 
· Can be the result of both natural and human processes 
· Most naturally caused are the result of lightning strikes 
· Human caused are a mix of intentional and accidental 
Stages
· 1. Pre-ignition
· Temperature and water content favour ignition
· Preheating and pyrolysis (dividing fuel molecules and creating fuel gases for ignition) exists 
· 2. Combustion 
· Ignition can be caused by lightning, volcanic activity or humans
· Combustion liberates energy and is dependent on a fuel source
· 3. Heat transfer occurs through 
· Conduction (molecules)
· Radiation (electromagnetic waves) 
· Convection (heated cases, temperature differences) 
· 4. Extinction occurs when combustion ceases and there is insufficient heat or fuel to sustain combustion 
· Limiting factors: 
· Fuel, which can include plant material, human material, and structures
· Oxygen, which is found readily in the atmosphere
· Heat, which includes lightning and human sources 
· Fuel is more often the key factor in maintaining the fire since oxygen is usually not restricted and heat is the form of ignition 
· Another important component of the hazard is determining the rate and extent of movement once the fire has been initiated
· Fuel, wind, topography, and climate determine movement
Winds
· Cold front winds (high wind speeds) help produce large scale wildfires 
· Localized winds with high pressure air masses may move the fire down mountain sides
· Fires are also encouraged by warm dry winds that increase in temperature to 25 degrees Celsius with low humidity 
· Winds Europe (Foehn), Alberta (Chinook), California (El Diablo)
Geography of risk
· Fire Danger Rating maps based on accounts of current and antecedent weather, fuel types, and both live and dead fuel moisture 
· Haines Index potential for wildfire growth 
· Canada Canadian Wildland Fire Information System 
· Chicago and Oakland fires 
Adjustments 
· Fire suppression and prescribed burns 
· Big Blowup (1910) sparked a period of fire suppression in North America Smokey the Bear 
· Eventually led to a greater recognition of fires’ role in maintaining the ecosystem 
· Let natural fires burn and only controlling the human initiated fires 
· Minimizing the hazard
· Fire danger warnings, education, codes and regulation, insurance, evacuation, and structural protection 
Key terms
· Fire regime pattern of fire activity of an area, including types of fuel present, typical fire behaviour characterized by the size and intensity of the fire and the amount of biomass removed, and the fire history of the area 
· Prescribed burn a fire purposely set and contained within a designated area to reduce the amount of fuel available for a wildfire
· Pyrolysis a group of chemical processes operating at high temperatures that split large fuel molecules into smaller ones create volatile gases, mineral ash, tars, and carbonaceous char 
· Radiation the transfer of energy by electromagnetic waves or by moving subatomic particles main mechanism by which heat is transferred from the sun to Earth, from Earth’s surface to its atmosphere, and from wildfires to the atmosphere 

Disease
Epidemics
· Of all disasters, large scale diseases affect populations most directly 
· They tend to only impact people, not the structures of society 
· They have longevity which continues the impact for possibly many years like a regional flood 
· Outbreak simultaneous, related occurrence of several cases
· Epidemic uncontrolled outbreak of communicable disease
· Pandemic international or wide-travelling simultaneous epidemics of the same condition
· Epidemiology study of the distribution and determinants of health-related events in human population
· The agent the disaster
· The environment that which the disease affects 
· The host affected people 
· Contagious diseases are the leading cause of death in developing countries 
· The spread is enhanced by limited preventative programs 
· Water systems are best at spreading about 2/3 of populations in poor countries don’t have access to clean water
· The disease will spread if:
· The population is not immune and includes carriers
· Susceptibility to disease increases through conditions such as malnutrition	
· Transmission rates increase because of:
· Physical events like sewer and water main rupture resulting in fecal contamination
· Lack of routine programs of disease control which spread endemic diseases such as cholera 
· Overcrowding in refugee camps which increase human contact and poor sanitation
Bubonic Plague (Black Death)
· Spread by rodents 
· Swelling of lymph nodes, infection, pneumonia, high fever, delirium, vomiting, bleeding, and finally death 
· First plague pandemic Justinian’s Plague 6th century, 100 million victims
· Second plague pandemic Black Death 14th century, 50 million victims
· Third pandemic 1894-1903, 13 million deaths, went from port to port through rats 
· Vulnerability people who gathered in groups spread the disease more easily 
Cholera
· Water borne disease that comes from sewage and contaminated rivers often within urban and rural water supplies
· Mapping techniques were used to find the source of the disease medical geography
· AIDS/HIV
· Human immunodeficiency virus (HIV) and acquired immunodeficiency syndrome (AIDS) failure of the immune system
· First surfaces in 1980
· Transferred through the exchange of infected body fluids 
· Partially ignored at first because it was not affecting the main stream population 
· In 20 years has claimed 30 million lives, 40 million people infected
· 95% of cases in poor countries
· Still a global hazard 
· There is still no cure, but drugs are extending life and turning it into a chronic disease 
· Vulnerability # of people with the disease is increasing, most cases in Africa, more women than men 
Bird Flu (Avian Influenza, H5N1)
· Started in 1997 when there was a large death of poultry in Hong Kong (100% mortality) 
· Ability to transfer from birds to humans
· High mortality in humans
· Potential for a severe pandemic 
· Wild birds carry viruses in their intestines, but usually don’t get sick from them
· The spread of H5N1 between people is rare, and the spread has not occurred beyond one person
· The death rate is around 70%, 100 deaths to date 
· Possibility of 142 million deaths and $4.4 trillion lost if this becomes a pandemic 
· Flu pandemics
· Occur every 10 to 50 years
· Highly contagious, spread globally
· Come in waves, with the 2nd and 3rd being stronger than the 1st
· Spanish flu
· 1918-1919, killed 40 million people 
· Spread by soldiers travelling through Europe to North America 
· 20-28% mortality 
· Mainly targeted the young adult age group with fewer casualties in the elderly and young 
· Asian and Hong Kong flu 
· 1957 and 1968
· Milder viruses
· Better coping mechanisms in place to help educate and communicate, as well as provide vaccines 
· Vulnerability greater in the elderly and in infants 
· Prediction and warning 
· The disease is unpredictable in its severity, mortality, and pattern of spread
· There is a rapid surge with an exponential increase (within weeks) that overcomes a population’s capacity to cope
· The disease occurs in waves with increasing severity and different targets
· Virological surveillance is critical in reducing the level of impact
· Many pandemics originate in Asia with close contact between humans, ducks, and pigs
· While quarantine and restricted travel has little effect, reduced crowding and public gatherings may limit the spread
· Delaying spread is a desirable strategy since it helps reduce stress on the heath care system 

Technological Disasters 
Intro
· Varies from a single toxic chemical accident to an entire industry such as nuclear power
· Health issues involving long term exposure to chemical pollutants or low level hazardous waste 
· Hybrid disasters natural hazards release spills of oil, chemicals, or radiological material 
· In North America and Europe, the death rates between natural and technological disasters is similar, while in less developed countries the difference is much greater (more deaths from natural disasters) 
Types 
· The groups most affected are often upper and middle classes and consumer groups 
· Vulnerability is typical for people who are involved in the industries, transportation systems, and city life 
· Global or multiple extreme hazards
· Widespread and long-term, like nuclear war 
· Accumulative effects, like pesticides
· Titanic, or rare catastrophes 
· Singular loss (of a plane or coal mine etc.)
· Dramatic and traumatic 
· Viewed by million 
· Routine or common 
· Controlled by industrial and transportation technologies, like car crashes
· Consumer and waste products, like drugs 
· Routine disasters are hard to monitor because there is constant innovation and expanding markets in products and consumer demand 
· Reducing hazards of this type requires extra money and government programs to examine all products, quality control, and safety checks such as child-proofing 
· May require government intervention at several levels of marketing and retail 
· Also a problem because of cumulative effects 
· Have a voluntary component and are usually an occupation or lifestyle decision 
· How catastrophic events happen
· Large scale structures public buildings, bridges and dams
· Risk is defined as the probability of failure during the lifetime of the structure
· Transport road, air, sea, and rail
· Risk is defined as the probability of death or injury per kilometer travelled 
· Industry manufacturing, power production, storage and transport of hazardous materials
· Risk is defined as the probability of death or injury per person per number of hours exposed 
· Geography of risk urban centres, transportation networks related to groups that would be defined as modern and with a focus on consumerism or material life 
Radon 
· The release of radon into our living space can account of 40% of an annual radon dose
· The gas is odorless, colourless, and tasteless 
· Hazard in the mining sector, leads to lung cancer
· Levels are measured by picocuries/ litre of air
· Outdoor air natural levels are 0.1-30 pCi/L
· Indoor air natural levels are 1-3000 pCi/L 
· The primary source of radon is from the decay of uranium-238 to radium-226 to a gas, radon-222
· The gas is inhaled where it decays to polonium-218 and lodges in the lungs
· It then continues to release particles that damage tissue
· The gas moves quickly through coarse, non-saturated soil, where it can seep into homes
· A house is more at risk when it is well insulated
· Basements are higher at risk, especially during the winter when there is less circulation
· Homes that have sand in the building material from uranium-rich sediment are also at greater risk
Radiation 
· Pathways include inhalation, injection, and contact (food, air, water)
· Impact can be direct or somatic effects will be evident within days or weeks of exposure, and can be in the form of radiation sickness and burns 
· Effects can also be delayed or chronic (leukemia and skin cancer) 
· Someone that is in contact but does not experience the effects will pass them on in the form of chromosomal change, fertility, and birth defects 
· Types of hazards
· High level wastes (HLW) can come from nuclear reactors in the form of spent fuel, can have a long half-life and remains a hazard for thousands of years
· Intermediate level wastes (ILW) can include material that is used in housing radioactive material such as metal shields 
· Low level wastes (LLW) exists in many locations, can include a variety of material from the nuclear industry as well as waste from medical facilities and universities 
· Radiation hazard can be identified by:
· Type of radioactivity released
· Pathway of human exposure, either indirect or direct
· Length of time to decay (half-life) 
· Entire life-cycle of radiation:
· Mining of uranium New Mexico, Northern Saskatchewan, Elliot Lake (ON) 
· Fabrication of weapons and fuel processing plants transform the raw material into usable products former Soviet Union (Chelyabinsk) 
· One of the main uses of uranium has been in the production of electricity through nuclear power many plants in North America sites can be hazardous if there is an accident or attack 
· Transportation of material there is also concern that as the material moves throughout the life cycle there is the opportunity for release though accidents or deliberate attacks on the carrier 
· Much more concern regarding the storage of wastes from weapons and nuclear energy until they are non-radioactive (100,000 years) 
· Geography of risk:
· Depends on a specific point in the life cycle of the hazardous material 
· Ontario has the most nuclear reactors 
· US, Russia, Great Britain, France, China, India, and Pakistan all have nuclear threats (bombs etc.) Nuclear club 
· Israel, and possibly Iran and North Korea have nuclear technology 
· Reactors:
· Most commercial reactors are found in eastern North America
· Have to be near sources of coolant (rivers or lakes), and also located near the market for electricity 
· Hazards identified using the International Nuclear Event Scale
Nuclear accidents 
· Three Mile Island
· North America 
· Served notice of a possible disaster
· In the end there was little damage 
· Led to general public concern regarding reactors and an overhaul of the nuclear industry 
· Chernobyl
· Ukraine, 1986
· Flawed reactor design, operated with inadequately trained personnel 
· Steam explosion and fires released at least 5% of the radioactive reactor core into the atmosphere
· 2 workers died on the night of the accident, and 28 more people died within a few weeks as a result of radiation poisoning 
· Changing attitude 

Warfare and Social Unrest  
Intro
· Social hazards the harm one society or part of a society may do to another 
· War has been responsibly for 120 million deaths over the past 100 years, the majority being civilians 
· Since 1945 there have been more than 150 wars with over 1000 deaths each 
· Civil strife has also caused a lot of loss of life 40% from drought-related famines
Dubious weapons 
· These weapons do the most harm to civilians and their environment 
· Environmental warfare, or the deliberate release of dangerous forces into the environment 
· Example the use of floods by the Chinese Army in 1938 during the Sino-Japanese War troops were drowned but so were civilians, and crops and homes were destroyed too
· Example use of transport by terrorist groups to attack civilian and military targets
Fire
· Fire-setting strategy used in the World Trade Center attacks, and by the Germans when attacking British cities 
· Firestorm meteorological event created by extremely concentrated combustion and a fire reaching temperatures of more than 1000 degrees 
· It generates strong winds that blow people over and suck them into the flames 
· Jellied gasoline napalm used in WWII, and also in the Vietnam war to burn out villages and croplands, and set mass fires in cities 
· Agent Orange 
· Defoliant (chemical that removes the leaves from trees) used in the Vietnam War 
· Contains dioxin very toxic chemical
· Used during the war to strip the land of vegetation so that it would be easier for the US troops to see the opposing forces, and also to deplete their food supply 
· Dioxin causes cancers and birth defects  
Weapons cycle 
· Often the production of weapons can be as deadly as their use 
· Some of the more contaminated landscapes are the result of escapes, mishandling and careless disposal 
Dubious technologies
· A great concern since 2001 has been the potential for facilities like nuclear reactors to be the targets during attacks and warfare
· Hitting one of the 750+ plants in the world could either be on purpose, or they could be hit by shells and bombs by accident during warfare
· Also concern about fossil fuel plants, oil and coal refineries, pharmaceuticals, explosives, paint etc. 
Post-war hazards 
·  Homelessness, leftover weapons, unexploded bombs, minefields 
Violence to persons
· Injury, death, terror
Deprivation of basic needs
· Shortages of food, medical resources, social services, normal consumer goods
· International trade can also be disrupted by limited access to fuel, fertilizers, seeds, and pesticides 
Geographic violence 
· Policies enforcing the uprooting, expulsion or relocating of resident populations and elimination of habitats, cultural landscapes and settlements 
· Habitats can be destroyed, or people can be removed from them 
· Places and landscapes can be attacked because of religious or symbolic significance  
· War on culture may be part of a systematic program to eradicate a people’s heritage can involve outlawing their language, religion and customs to enforce assimilation or confinement 
Demographic violence
· Group targeted for violence based on racial, religious, political or ethnic grounds 
· Ethnic cleansing boys targeted to reduce future number of soldiers, elderly euthanized etc. 
· Genocide eliminate entire group of people
Rwanda 
· Attempted genocide of Tutsis by the Hutus 
· Almost 1 million people killed in 3 months with little intervention by the rest of the world 
Air war, bombings, and place annihilation
·  Hazards
· Air raid alerts without bombing demanding on everyday life, lack of sleep, care of children and work especially difficult on caregivers, who were considered most vulnerable to this stress
· Aimless bombings most bombs fell randomly with little precision, especially during the night raids bomb flights were disrupted by weather, navigational errors and aerial defenses
· Collateral damage civilians and their property that are accidentally the victims of bombing inaccuracy or simply bombing an entire area civilian damage is greatest for communities near industrial areas, military camps, railway stations, and airfields 
· Disaster raids deliberate attacks on build-up areas or city cores with the intent to destroy whole districts can cause casualties in the tens of thousands 
· Coventry, England
· Urban air raids during WWII
· After several hours of bombing one night, 568 civilians were dead, 20,000 others bombed out, and a square kilometer of the city was in ruins 
· 53% of those killed were women and children 
· Caused an unusual amount of damage and disruption to industries 
· Tokyo 
· “Big Fire” raid was the most destructive in the history of warfare
· Swept through the inner, most congested districts, burning 42km2, and killing 130,000 civilians 
· Hiroshima 
· Nuclear effects still being felt today
· Urban raid damage in WWII cities:
· Fatalities concentrated largely among resident civilians
· A predominance of casualties among civilians, especially women, children and the elderly and sick
· An attack on the domestic foundations of the city, through physical damage to homes, with death and injury mainly occurring in homes and shelters 
· The second focus of destruction: commercial and public services, schools, hospitals, places of entertainment and worship, historic sites, ancient landmarks
· Enforced uprooting of resident populations – directly through the bombed-out, and indirectly in the evacuation and separation of families 
· Indiscriminate destruction of the inner city and reflecting its social geography, rather than war functions or political power
· A landscape of violence, whose rubble and the dead buried under it converted the living city into a necropolis (cemetery of ancient city) 

Climate Change, Drought, Famine – pg. 278-283, 344-373
Climate change
· Droughts and related disasters can be linked to long-term changes in the climate but represent just one area of possible disasters that can be associated with changes to the global pattern of climate 
· Climate change is a natural phenomenon which can occur both over the long-term and short-term 
· Natural changes
· Long term change can be linked to changes in the amount of solar radiation the Earth receives 
· Varies depending on the orbit of the Earth and its relationship with the sun
· 3 factors combine to create variability in solar radiation:
· Eccentricity or the shape of orbit
· The tilt (obliquity) of the Earth with respect to the sun 
· The wobble (precession) of the Earth along its orbit 
· Short term changes are related to a variety of factors or changes in inputs referred to as forcing 
· Human activity or anthropogenic forcing
· Anthropogenic = environmental pollution caused by humans
· Increase in greenhouse gases a change in the concentration of any of these gases will enhance the Greenhouse Effect
· Carbon dioxide 
· Methane
· Nitrogen oxides
· Chlorofluorocarbons 
· Ozone is also identified as a gas of concern depletion
· Majority found in the stratosphere where it helps to filter our harmful ultraviolet radiation 
· CFCs have been found to lead to a decline in the amount of ozone available to capture UV light leads to an increase in skin cancer
· Ground level ozone smog results from photochemical reactions between oxides of nitrogen and volatile organic compounds in the presence of sunlight irritates the respiratory tract and eyes, crop less, exposure to high levels results in chest tightness, coughing and wheezing
Prediction and warning
· Most predictions are based on changes to carbon dioxide levels such as a doubling of output 
· Ecosystems 
· Prairies and boreal forest may see a migration in their boundaries (likely north) 
· Warming could also lead to large disruptions to sensitive ecosystems such as the peatlands of central and northern Canada
· With this shift there could be changes in biodiversity and possible species extinctions 
· Forests 
· Some areas may see an increase or decrease in productivity depending on temperature and precipitation fluctuations 
· There could also be an increase in drought and wildfires 
· More forest pests feeding on the trees
· Agriculture 
· Increased droughts could lead to decreased production, but the increase in energy and temperatures could increase the crop yields in some areas 
· Sea-level rise
· Melting of polar ice which will lead to an increase in water levels
· Fossil fuels 
· Changes in temperature will lead to changing demands for electricity and fuels 
· Human health 
· Increasing temperatures in North America could mean an increase in tropical diseases
· Insect pests could also extend their range north and impact forests and agricultural crops
· Increased use of fossil fuels which leads to increased ground-level smog and finally, greater epidemics related to drought and famine 
Adjustments and coping 
· The global attempt to reduce the impact of greenhouse gases has been addressed in the Kyoto Protocol
· The international agreement to reduce emissions of greenhouse gases in an effort to manage global warming
· It is now legally binding in at least 128 countries, including Russia and most European nations, but not the US
Drought and famine 
· Similar to regional floods but at an even greater and longer time scale 
· Can affect large populations across many countries for decades 
· Causes complex, combine natural and human processes rooted in economic, cultural and political situations 
· Natural causes are related to changes in climate patterns, including rain and temperatures as well as cycles in wildlife, especially feeding patterns of insects 
· Human causes are linked to population movements to unsupportive land land that cannot feed large populations coupled with improper farming techniques 
· There is also overuse of groundwater sources and diversion of river systems this can lead to declines in water flow as well as water quality with increases in salinity, disease and chemicals this leads to desertification 
· Irish potato famine
· Mid 1800s 
· Failure of the potato crop main food source
· Led to a decline in the population by 3 million
· Many believed agriculture was manipulated by the government led to revolt and a restructuring of Irish agriculture 
· United States dust bowl 
· Prairie region experienced a long period of high pressure which led to drought and widespread soil erosion
· Failed crops and malnutrition
· Poor farming techniques that were being used as well as the expansion westward of farms onto grasslands during the early 20th century
· This event was linked to major social and economic changes during the 1930s following the failure of the stock market 
· China: 1958-1961
· One of the largest disasters of the 20th century with deaths between 14 and 40 million people
· Drought, but much of the disaster can be attributed to human decisions 
· Africa
· Sahel southern margin of the Sahara 
· Period of drought and desertification for several decades
· Shift in trade winds leads to less moisture 
· Chicago heat wave 
· An average of 384 people die from heat every year more than deaths from floods, lightning, tornadoes and hurricanes combined 
Key Terms
· Dust storm strong windstorms that transport large amounts of fine sediment  
· El Nino trade winds weaken or reverse, surface waters become anomalously warm, and the westward-moving equatorial ocean current weakens or reverses these changes affect weather in Australia, southeast Asia, New Zealand, and the Americas 
· Ocean conveyor belt large-scale circulation pattern in the Atlantic, Indian, and southwest Pacific oceans driven by differences in water temperature and density
· Also called thermohaline current 
· Northward flowing warm water maintains the moderate climate of northern Europe, if this flow were to slow, stop, or shift, glacial conditions might return to portions of the Northern Hemisphere 
· Solar forcing the difference of radiant energy received by the earth and radiated back to space 
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