
Climate Change

Weather  -  condition of atmosphere in a given time and place (TPHWA) 

Climate  -  typical range of conditions / weather,  not just an average, 

Greenhouse effect  -  radiation from sun absorbed by gas to warm earth
		       -  earth would be around - 18 ºC

· Since 1850, the average temperature has gone up 0.85 ºC. 
· An increased volume of ocean levels because melting of ice mass.
· Clear consensus amount scientists.  
· Some denial / doubt that warming caused by human activities.  

Greenhouse Gases
· composed of CO2, methane, and nitrous oxide
· CO2 has the greatest increase from fossil fuels and cement by humans (anthropogenic)

Historic Phenology
· study of seasonal patterns such as crop growing times
· grapes ripen earlier every year (indicator species) 
· ice cores to reconstruct the past last 10,000 years 
· increased flooding due to lots of rain in short amount of time

Albedo in Polar Regions
· how much light is reflected (bare ocean is low, snow is high)
· due to warming, the snow melts → decrease albedo → bare ocean warms faster  
· positive feedback loop = accelerates warming 

The Kyoto Protocol  (1997 to 2012)
· legally bound treaty to reduce emissions to 5.2% of levels
· 30 countries but not the USA
·  Paris Agreement 2015 (no force but exceed previous targets)
· Canada has won the Colossal Fossil Award (growing in emissions)

Economics of Climate Change
· the cost to do nothing is sometimes lower
· cap and trade (trade credits if reduced emissions)
· carbon taxes 


Oceans

Tragedy of the Commons
· common property and open-access resources degraded from overuse
· if eventually depleted, extract as much as possible before others  
· conflicts between long term common costs and immediate individual benefits 

Oceans
· key component in global cycles and energy flow → sustain life 
· provide marine ecological goods and services ($21 trillion)
· not well understood, much unknown 
· pH = 8.14 (getting closer to neutral because of CO2)

Ecosystems
· on land, water is limiting factor for life
· ocean productivity limited by nutrients 
· most productive are  a)  coastal zones 
		          b)  upwelling (deep ocean return nutrients)
		          c)  continental shelves - underwater extension (fisheries / biodiversity) 
Circulation
· primary source of oxygen
· uptake of 1/3 of CO2 but too slow to compensate for emission increase
· ocean acidity to increase by 150% by 2100
· thermocline  :  sharp transition in from warm to cooler water near 4 ºC at 120-240 m 

Movement of Water 
1. Surface Currents by wind
2. Tide by moon
3. Deep Currents by thermohaline circulation (heat and salt)

Thermohaline Circulation (Great Conveyor Belt)
· heat transfer from low to high latitude 
· polar regions form sea ice → surrounding water gets saltier + dense →  sinking
· pulls warmer and fresher water from  Equatorial regions
· Gulf stream in Atlantic ocean moderates climate in Europe

Coral Reef 
· found throughout tropics & sub-tropics
· diverse and ancient ecosystem (225 million years ago)
· fringing reefs, barrier reefs, and atolls
· coral bleaching:  when water is too warm →  algae leaves the coral  
· ocean acidifications, fishing, erosion, pollution, tourism  
· destroyed at 2 % per year
Fisheries

· costal zones supplies 90% of fish catch 
· 50 % of world population live with 100 km of coast → increase to 75 % by 2100
· represent 20 % of global intake of protein 
· Canada accounts for 1% of total fish but 5th largest exporter 

Management Issues
· deeper to catch fish + reduction in fish size (selection pressure)
1. Fishing down the food chain
2. Bycatch : catching other fish but still killed 
3. Longline fishing : lines with many baited hooks
4. Bottom trawling : heavy nets dragged on sea floor 

Canadian Cod
· Canada's most fished
· dropped to 137,000 tonnes in 1978 = setup 370 km boundary
· stocks rebuild but increased fishing 
· 2003 endangered species → use hand line fishing

Aquaculture
· fish are penned which can lead to pollution from waste, non-native species to escape, disease spread, habitat destruction, greater ecological footprint
·  require more fish for feed than produced → find fish not being eaten or plants
· large fishery are less energetically profitable than feedlot beef 

Polyculture
· use the water that the fish live and try to grow something
· used for fish lower in the food chain.

Great Pacific Garbage Patch
· plastic break down and collect where ocean currents meet
· ingested by sea birds and fish who feed on organisms in water column 
· midway atoll island 

Carteret Islands 
· very vulnerable to sea level changes because they are low
· if we evacuate to the mainland, will they want us? 
· conflict over land even though they have the money 

· only 1 % of oceans are protected. 
· use marine reserves, economic incentives, and integrated costal management.  

Forests

· 93% of forest publicly owned, 77 % managed by provinces 
· heady dominated by spruces (coniferous) + southern by deciduous trees  

Canada's Boreal Shield
· contains 1/4 of world's original forests 
· largest biome, covering 58% our land mass 
· provides ecosystem services at $700 billion / year
· 50% is allocated to industry (uptick of deforestation) 
· temporary carbon sink → eventually makes it back into cycle   
· Boreal Agreement in May 2010 brought together activists and industry 
· caribou threatened because require segments of forest to migrate 

Peatlands
· accumulation of decayed matter via anaerobic (water logged)
· most efficient carbon sink but very slow to decay (NPP exceeds decay) 
· non-renewable resource as fuel 

silviculture:  control establishment, composition, growth, and quality of forests   

selective logging:  period harvesting various aged trees 

Pine Beetle 
· native species and spreading in BC and Alberta
· winters aren't cold = reduced seasonal kill off 

Forest Fires
· necessary to return nutrients to soil  +  kill pathogens
· plants release their seeds for reproduction  (secondary succession)
· fire suppression will cause fewer smaller fires to build up a large one
· clear cutting can allow pathogens to survive, compact soil, and soil erosion (poor road design)

New Forestry:  shift short-term economic maximization to mimic natural processes   
· rotation practices
· reinvesting nutrients in the sites
· minimizing chemical inputs
· maintenance of other parts of forest community
· wildwood forest 



Minerals and Energy

Ontario's energy is mostly from nuclear sources, followed by hydro 

Energy efficiency improvements can save the world at least 1/3 of its use   

Oil
1. Conventional Oil  -  high net energy yield but causes pollution
2. Tar Sands (bitumen)  /  Oil Shale (kerogen)   
		-  low net energy yield and higher environmental impact 
		-  requires processing and distillation  
· remaining oil not easily accessible 
· 13 countries have at least 60% crude oil reserves (Saudi Arabia, Canada)  

Coal
· generates 42% of the world's electricity but inefficient
· most abundant fossil fuel + high net energy yield + low cost
· severe air pollution, water pollution, land disturbances, fine particles, radiation

Coal Ash
· highly toxic but used as fertilizer
· buried or put in ponds = contaminate groundwater
· should be classified as hazardous waste

Natural Gas
· cleanest burning fossil fuel but lots of CO2
· mixture of gases but mostly methane
· hydraulic fracturing:  fracturing of rock by pressurized liquid to release gas (wells)
		-  requires lots of water, chemicals, and sand to blast apart rock

Nuclear Power
· low impact, low risk, low net yield, high costs
· potential for spreading nuclear weapons technology have limited its use 
· nuclear fission creates chain reaction (light water reactors)
· slow growing source and decline  
· store waste in ground for thousands of years   

Chernobyl 1986:  radioactive cloud spread to the world  +  increase thyroid cancer

Fukushima 2011:  tsunami caused meltdown  
   

Wasting Energy
· light bulb, car with engine, nuclear power, coal power
· artificially cheap (subsidies, tax breaks)
· few incentives to be efficient (tax breaks, rebates, low-interest loans) 

Solar Energy
	Direct:  obtained from the sun and undergoes only one change to become usable (solar cells)
	Indirect:  goes through more than one change (wind, biofuels, hydro)

Hydro
· leading renewable energy source
· high net energy, low electricity, low emission
· limited sites may restrict use (land disturbance and habitat)
· ocean hydro possible but high cost and damage by storms/corrosion

	Site "C" Peace River BC
· complicated due to numerous stakeholders
· disruptive of local land
· results in flooding of future agriculture 

Wind 
· 2nd fastest growing renewable energy source
· least expensive and least pollution
· require more power lines and backup energy source
· kills migratory birds
· nocebo effect:  if can't see wind turbine, no health problems. 

Other Options:

Geothermal (Iceland)  -  heat exchange from pipes burried in the ground 

Biomass (burn wood)

Hydrogen









Agriculture

Home ranges to support people gets more efficient as the population grows. 

arable land:  crops that require annual replanting (5 years)

permanent cropland:  do not require annual replanting (coffee, tea, fruit)

permanent pastures:  grazing livestock

Neolithic Revolution

                        Hunter Gather							Agrarian
	nomadic
	settled

	small population
	large population

	everyone works on food
	specialization

	use biomes as is
	specific land

	water = consumption
	Water = irrigation

	low "throughput"
	high "throughput"



Green Revolution
· developing agricultural techniques (Norman Bourlag)
· higher yield in production despite same amount of land 
· increase of high input plantation in less-developed countries (cash crops)
· livestock raised by feed rather than grazing 
· e.g. threat of cavendish banana extinction due to monoculture   
· fertilizer inputs  -  needed due to top soil depletion, used on 69% of crops in Canada

Nitrogen Cycle
· nitrogen limited factor on productivity
· Haber-Bosch process for artificial nitrogen fixation (high energy input) 
· need to add more fertilizer over the years because not regenerated to maintain yield  

Biocides
· kill different living things classified by target organism 
·  2% reach target → rest enters hydrologic cycle 
· constant development of new biocide due to resistance
· [bookmark: _GoBack]non-selective and chemical effects in ecosystem
· DDT:  Rachel Carson discovered effect on thinning of egg shells for large bird species  
· Neonicotinoids:  honey bee collapse 

Energy:  greenhouse gases would be cut if everyone became vegan 
Canada's land is 7% agriculture, 5th largest exporter, 70% food produced domestically  
Integrated Pest Management
· coordinate tools to reduce crop damage
· reduces pollution and pesticides costs
· however, requires export knowledge, high initial costs, government opposition 

No Till Agriculture
· inhibits germination of weeds  +  minimize build of pests
· increase crop yields  +  lower costs 
· tillage still used because reluctance to change, lack of knowledge, complex management skills

Organic Farming
· combines strategies focusing on food web relations and element cycling 
· more energy efficient 
· local food systems can help reduce impact of agriculture on environment and economies

Water
· 1 out of 6 people do not have access to clean water 
· Canada is the second highest wasters of water (343 L vs 19 L)
· North Dakota Oil Pipeline

Deep Aquifers
· may contain enough water but non-renewable
· unknown impact  +  water wars  +  costs could be high 

Dams and Reservoirs
· capture and store runoff 
· reduce flooding  +  grow crops in arid regions 
· displaces people, impact ecology, fill up with sediment, dry up other lakes

	Aral Sea
· water transfers in dry central Asia
· increase salinity by 7
· destroy wetland, wildlife, and fishing 

Desalination from Ocean
· through distillation, reverse osmosis, microfiltration (high pressure)
· high cost and energy  +  reduces algal growth  +  kills marine  +  brine waste

Walkerton
· failed to disclose water supply had been contaminated (poor training  + monitoring)
· source was manure from heavy rains (preventable by chlorination)

First Nations :  water systems poorly planned, expensive to build water facility and find workers
Endangered Species and Protected Areas

Biodiversity Crisis
· only a small fraction of species on Earth have been identified 
· ~ 22,000 most at risk  +  50% of primate species 
· loss of species between 1,000 to 10,000 compared to natural extinction rate 

extinction vortex:  negative feedback loop where each step makes the previous steps even worse 

overharvesting:  Great Auk that was easy to catch are now extinct 

predator effects:  humans may remove pest species that affect the predator 

Habitat Change
· 90 % of the Carolinian forest now lost (trillium).  40% of Canada's species at risk in this area.
· chemical:  species at high tropic levels vulnerable due to biomagnification
· alien speices:  spiny water flea  +  pets (songbird decline due to stray cats)

Vulnerability to Extinction
1. Specialized habitats for feeding and breeding
2. Migratory patterns
3. Insular distribution (only found in one area)
4. High economic value
5. Large body size
6. Large home range 
7. Not effective dispersers (low mobility)
8. Behaviour traits

CITES
· 120 countries vote on species to be protected 
· ban on ivory on 1989 but allowed in certain countries to sell existing stockpile (illegal hunting)
· elephant population struggling both inside and outside of parks 
· park rangers lives at risk if trophy imports are allowed 

Convention on Biological Diversity (Rio 1995) :  legally binding but limited success

Preservation:  ex-situ (outside their habitat)   vs.   in-situ (within their habitat)     

Protecting 
· connect protected areas
· restore degraded ecosystems
· engage communities in planning for adaptation 
· build knowledge through research 
Making It Happen

Misjudging Risk
· fear
· lower risk when we have control or choice 
· overestimate risk when concentrated or catastrophic 
· optimism bias (won't happen to me) 
· instant vs. delayed gratification 

Humans are less likely to respond to changes over time (boiling frog parable)

Full Cost Pricing
· reduce resource waste  +  pollution  +  environmental degradation
· improve health
· encourage more efficient processes
· phase over time to allow adaptation
· companies can use gov subsidies and tax breaks to help profits while keep

Green Taxes
· charge tax on harmful while reduce tax on income, labour, wealth 
· revenue neutral implemented by BC and then Alberta 
· Ontario does Cap and Trade
· regressive:  its people in low income the hardest 

divestment:  pension plans do not invest in fossil fuel companies 

active choice:  choose to purchase environmentally friendly products (EcoLogo)

extended producer responsibility: life cycle analysis (cradle to the grave)
 
Environments regulation has caused shift manufacturing and waste processing to other countries where it’s not as  strict. 

Millennium Development Goals 
· build smarter cities e.g. grid like street 
· Earth Hour in 2010 was largest voluntary action  
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