Climate Change
What is Climate Change?
· Weather: atmospheric conditions over a short time period (day, week)
· Effected by a combination of many elements, mainly precipitation, humidity, 
· Weather of any place is the sum total of its atmospheric conditions: temperature, pressure, winds, moisture, + precipitation for short period of time
· Climate: composition of the variety of day-to-day weather, long term shift or alteration in the climate of a specific location, region of the planet
· Earth has gone through many diff climates,
· Global warming: changes in the average surface temperature, warming does not mean warming throughout the world
· Changes associated with corresponding changes in global circulation
· World’s climate has changes noticeable
· Surface of the Earth is: unequally heated by the sun, radiation from the sun reaches the surfaces or is reflected back into space by the clouds, dusts, or high albedo land surfaces
· GHG trap short wave radiation and release it as long wave radiation, as heat
· Imbalance in net radiation between the tropics and high latitude polar region is the driving force in earth’s climate
· Long term tamp changes are associate to shifts in amount of energy received by earth from sun, changes in earth’s orbit, wobble of axis + angle of tilt
· Natural disruptions may influence climate, volcanoes eject large quantities of dust + sulfur into the Earth’s atmosphere which reduces the amount of solar radiation reaching the earth’s surface  causes short term global cooling
· El nino is short term warming of water
Evidence and Explanations
· Since 19th century, average global temperature has increased by 0.6°C ± 0.2°C
· Years since 1995 have been warmest
· Increase in temp can be traced in past climate indicators such as ice core, tree ring and coral reef data
· GHG concentration have been rising, 
· Reduced snow cover has been documented, measurements show that permafrost is warming in many regions
· Glaciers lost more mass than gained, indicated increasing temperature
· Climate modeling, consider some of all 5 components in order to predict future climate
· Radiation, dynamics, surface processes, chemistry, time step and resolution
· General circulation models, take 3d nature of earth into account, provides way to assess past + future climates
· Twice the world’s C02 levels is likely to happen by 2050
· Intergovernmental panel on Climate Change (IPCC) was established in 1988 by: the world Meteorological Organization and United Nations Environmental Program
· Created to assess, scientific, technical and socioeconomically information related to understand of risk from human induced change of climate
· Assessment are based on peer-review + published scientific findings
· Strong consensus that increase in GHG is from human activities, rate of increase in GHG match rate of human driven GHG emissions
·  Impact from forestry, fossil fuel combustion, methane emissions,
· Changing abundance in the Earth’s diff gases and atmospheric components, how having more GHG has lead to having more energy trapped near earth’s surface
· Limitations from results of general circulation models: policy and planning, lack of base line data, causes output from models to be variable 
Implications and Adaptation
· Boreal forest is moving north, outward shift of the tree line 
· Increase in CO2 levels will lead to greater forest fires
· National + Provincial parks may disappear as the protected ecosystems evolve and change
· Habitat of some species will be comprised, ex. Polar bears
· Major limitation of agricultural activities: climate
· Canada will benefit from global warming because it will increase growing season and reduce damage from severe cold
· NWT = Alberta
· Elsewhere, changing conditions will create environmental refugees and hurt agriculture in other nations
· Every part of Canada expect prairies will be wetter, changes on fresh water system will affect tourism in BC, shipping patterns on great lakes b/c they will be ice free longer but water levels will be reduced
· Species may see reproductive success decline as temp moves away from their optimal breeding temperature ex. Salmon in BC
· Sea temp + sea levels will increase, will increase coastal erosion, sea levels rise as a result of melting ice
· Affect coastal communities, ex. Maldives could be completely flooded by 2050
· Relationship btwn climate and infectious diseases is not apparent b/c greater access to sanitation in developed countries
· But in less developed countries, changing water quality = changes infection rates
· How to adapt to climate change?
· Prevention the loss by adopting measures that reduce vulnerability
· Protection from structural factors by improving structural measures for buildings and infrastructure
· Accommodation involves number of approaches:
· Reduction of vulnerability of structures + zoning changes
· Low capital investment is preferred 
· Rehabilitation of wetlands. 
· Can change location of activities by moving to a less vulnerable location
· Is easier if there is no substantial development, can distribute costs over a large population
Communication Challenges and Options
· Earth’s climate system is very complex with many linkages and feedback mechanisms
· Most Canadians have poor understanding of climate change
· Scientists needs to challenge how information is given by the media, too much weight is given to views lacking credibility 
· Uncertainties: lack of understanding, lack of data, imprecision in assessment
· Increases when moving from natural to human systems, encourages a “wait and see” attitude from decision makers
· Heavier impacts seen on future generations and people in less developed countries
· Countries have greater risk, prone to droughts, crop failures, exposed to impacts around coasts
· Basic causes of global change are embedded in current values and lifestyles, 
· High standard of living in developed world rely on extensive use of fossil fuel energy, transportation and residential heating
· Carbon-free energy production by 2010: 75%
· If emissions continue at current levels, warming could be btwn 2-6°C over the next few centuries
· Mitigation: reducing emissions of green house gases which will limit future temperature changes
· Alternative energy (hydro, ethanol, wind based)
· Carbon tax levied on countries based on their level of GHG emissions
· Carbon sequestration
· Adaptation: adjusting to changing conditions
· Preparing for upcoming changes and disasters
· Shifting away from water intensive crops
· Creating of incentives from local governments
· Adjustment to changing circumstances
Oceans & Fisheries
Oceanic Ecosystems
· Oceans have greater diversity of taxonomic groups and ecosystems, key component in global cycles and energy flow
· Value of marine ecological goods and services is estimated at $21 trillion annually
· 70% more than terrestrial systems
· Used to dump waste, transportation route
· Biodiversity is still poorly understood, a census of marine species is being created from various areas of the marine world
· By 2007: 230,000 species indentified
· Ocean is also important for Earth’s climate
· Thermal heating and flow is a movement of carbon saturated water around the globe, as a result based on diff densities of water (ex. Salinity)
· Addition of fresh water fom melting ice caps may dilute surface water and prevent sinking
· Also leads to less oxygen being present in deeper ocean
· Account for only 15% of world’s net primary productivity 
· Limiting factor is nutrient availability
· Nutrient concen. Increase with depth
· Other requirements are light + heat
· Carbon balance
· Highest productive on continental shelves exist at depths of 200 m
· Most productive marine areas of the world are near the coast of Canada
· Upwelling, wind blows parallel to the coast, cool water resurfaces from below and brings nutrients that trigger algal blooms
· Biomass pyramid is reversed in ocean systems, there is a high turnover of biomass at the lowest level and most biomass is contained in the long term closer to the top
Oceanic Ecozones
· Canada has the longest coast line, 2nd largest continental shelf 
· Oceans can be divided into ecozones
· Pacific Ocean has important populations of seabirds and marine mammals
· Major paper mill discharges nearby so there is a lot of pollution
· Oil spills have resulted in death of sea birds, sea lions population suffer from over hunting, 
· Arctic Basin is largely covered by permanent ice pack , marine species live on margins of ice
· Seals contribute most of species as they are able to carved their way through ice, have blubber for insulations, can mate under the ice, main food source is krill
· Arctic Archipelago is characterized by presence of polynyas: areas of permanent open 
· Remain ice free through a combination of currents, tides, ocean bottom upwelling and winds
· Biologically productive areas, breeding grounds + hunting grounds
· Northwest Atlantic is covered in ice during winter, temp is higher than in the arctic due to warm currents
· Seal hunt practised since 19th century
· Atlantic is generally ice free
· Abundant population of sea birds is supported, hosts an abundant population of cold adapted coral reefs which are damaged by fishing activities
· Gorgonia reefs, nursery grounds for many fish but are sensitive to temperature and chemical conditions 
· Major ground for oil exportation, Hibernia oil field
· Jurisdiction over Canada’s ocean is held by the federal gov’t
· Dept of Fisheries and Oceans is mainly concerned with the management of commercial fisheries
· Oceans are divided into large regional districts, provinces are responsible for shore-line and aqua-culture, municipalities are responsible for costal zones and land based activities
· Jurisdiction over ocean’s is highly fragmented 
Environmental Impacts
 [image: ] 
· Human impacts have been growing over time
· Serial depletion: when one stock of fish becomes depleted,   increased harvesting of the stock fish until the source is depleted
· Fishing down the food chain is used to describe harvesting at progressively lower trophic levels as higher ones become depleted
· Invertebrates like atlantic crab are also targeted 
· Instead of fishing smaller species to use as bait for larger ones, can be used directly as a food source
· Artisanal Fishery (small scale fishing) has been replaced by industrial, factory fishing
·  Longline fishing is used, many sharks + sea birds have been unnecessarily caught
· Bottom trawling, heavy nets are dragged around the bottom
· Caused damaged to sea bed ex. Sponge reefs
· Damage is so extensive that gov’t has closed some areas after volunteer restrictions failed
· Indirect impact on species that feed on the target of commercial fisheries, ex. Steller sea lions forced to feed on less energy efficient species
· Marine Pollution, comes from land and point courses
· Non-point sources , pollutants collect at the sea bed and surface water, are mobile through the water
·  Also comes from ships, waste disposal at sea, oil spills and gas exploration
· Toxins can bioaccumulation and cause extensive damage to other species + humans
· Ex. DDT
· Impacts on Marine Ecosystem
· Offshore drilling accounts for more than 60% of the current oil production, released toxins cover the sea floor, there is constant potential for large scale oil spills during the drilling, transfers and transport of oil
· The hot water used for cleanup is also harmful
· Oil has chemical + physical effects on marine species
· Climate and the Ocean
· Coral reefs are in danger from poaching and extraction
· Most corals have a symbiotic relationship with a single celled algae
· When water is too warm, algae is released and results in a loss of colour of the coral (bleaching)
· Bleaching is expected to increase by 80-100% more by 2080 as water gets warmer
Water
Canada’s Water- Quantity and Quality
· Canada has 25% of world’s wetlands, ground water is also important as it contributes to the recharge of lakes and rivers during dry periods
· Abundance of fresh water in Canada is due to lack of very deep lakes, there are many small shallow ones, low temp climate will leads to little evaporation of water
·  Most important issue is pollution from agricultural and industrial waste
· Point sources such as industrial + urban wastes are easier to identify, exact location at with waste enters the water system can be identified 
· Urban waste water receives variable level of treatment
· Primary treatment = removes sediments and rocks
· Secondary treatment = removes bacteria + microbes
· Tertiary treatment = removes some chemicals + nutrients
· Non-point sources such as agricultural and urban run-off are difficult to identify b/c they can’t be associated with particular locations
· Diffusion pollution 
· Storm water run-off flows directly into water bodies from roads or can be channel through storm drains
· Pollution and the Great Lakes 
· Study by the pollution from land use activities reference international groups on great lakes (PLUARG)
· 1972: Canada + US agreed to restore water quality in the great lakes focusing on point sources of phosphorus
· PCBS were entering from diffuse sources
· DDT was still entering via land drainage
· Soil and Water Environment Enhancement program 
· Dealing with high phosphorus unloading from non-point sources
· Canadians in rural areas use groundwater
· Walkerton experience contamination of ground water supply by E.coli
· 7 ppl died, well had been contaminated by manure
· Well operators were not trained
· Water manager withheld important water quality information
· Water labs shut down due to budget cuts
Floods and Droughts
· Flood plane is a low lying land along a river or lake that floods form time to time under normal conditions
· As there is increase of communities (development) along flood plane, damage from flood increases
· Reducing flood damage
· Structural approaches delay/redirect flood waters
· Artificial dams 
· Non-structural approaches focus on modifying the behaviour of people
· Land use zone, education, insurance programs
· Best strategies employ both approaches
· 1997 Flood in Grand Forks, North Dakota
· Droughts result form insufficient water from lack of precipitation, increased temperature and evaporation
·  can lead to depletion cycle where reduced rainfall leads to reduced soil moisture triggering irrigation demands which depletes ground water supplies
· Urban drought occurs when there is insufficient water to support a community, may result in competition btwn urban and rural communities over the resource
· Droughts associated with the prairie provinces (Palliser’s triangle)
Water Diversions
· 900 large dams and 60 large interbasin diversions exist in Canada 
· Remove excess water from certain cities, waste disposal, transportation (shipping), 
· Increase the water supply to a community or region
· To increase river capacity
· Hydroelectric generation
· Can create positive capacity but can also cause negative environmental impacts and impose costs on people 
· North American Water and Power Alliance
· Grand: Grand Recycling and Northern Development
Water and Megaprojects
· Large-scale resource development aiming to meet energy demands
· James Bay Hydroelectric project started in 1971
· Rivers in basin drain: 1/5 of the province
· Estimated cost: $2 billion
· Actual cost: $14.6 billion
· Justified on the grounds of job creation, industrial growth, no regard was given to the fact that the area was home to 10000 cree and inuit native populations
· Included provision on for assessment between future development
· Decomposition of organic material in flooded area by bacteria: increased rates of mercury methylation
Water Management
· Supply management: system to create new sources of supply
· Addresses potential water shortages by manipulating the natural system through either augmenting an existing supply or developing a new supply
· Does not encourage more conservative water use
· Greater cost than are necessary, does not limit development that may be socially or economically harmful 
· Demand Management: influencing human behaviour so that less water is used, volume based pricing
· Increasing price of water can disadvantage the poor society
· Technological improvements ex. Low volume flush toilets
· Soft path: challenges how water is used, challenges basic patterns of consumption
Heritage Rivers & Hydrosolidarity
· Heritage Rivers are designated for special protection by the Canadian heritage rivers program b/c of historical, cultural, natural and recreational value
· Majority are located on crown lands
· Grand River is located in one of the fastest growing parts of Canada
· First to be nominated that isn’t in a protected area
· Goes through multiple jurisdiction include first nations in Brantford
· Hydrosolidarity is an approach that recognizes aquatic, territorial and other resource systems leaning to management that is integrative, participative collaborative, coordinated and shared at all levels
· Recognizes diff upstream and downstream interested
· Using watershed as the basic management unit, recognizing water and land resource system relationship, stakeholder engagement 
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