Climate Change 101 (for teachers)
What is climate change? Climate refers to weather patterns over the long term while weather refers to the day-to-day patterns of air temperature, wind, and precipitation. The climate on planet Earth, which has been relatively stable for the last 10 000 years, is starting to change and change rapidly, on the order of decades.
How is the climate changing?  The average global temperatures have risen and continue to rise. The planet's average surface temperature has risen about 1.2 degrees Celsius since the late 1800s and the rise is accelerating. This does not seem like much, but one degree of cooling from average temperatures in the 20th century is enough to plunge us into another ice age.
[image: ]
What are the main effects of climate change?  The current temperature rise has caused : a progressive rise in sea levels, melting of the great ice sheets on Greenland and Antarctica, as well as glaciers all over the world. In addition there has been an increase in flooding, heat waves, hurricanes, droughts and forest fires. Higher temperatures have caused changes in the timing of seasons with spring coming earlier and fall coming later. Most animals and plants are finely tuned to thrive in the climate regime where they live. This is also true of human societies. Climate changes create stress and hardship to which some species can adapt, and others simply cannot. As a result, many species will migrate or go extinct. All of these effects grow worse as average global temperatures continue to rise.
Why is the climate changing?  Climate change is driven largely by increased human-made emissions of gases, known as greenhouse gases, into the atmosphere. Carbon Dioxide concentration in our atmosphere didn’t reach 300 ppm until the 1950’s It continues to rise and now exceeds 410 parts per million (2020 data).
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How do greenhouse gases affect the climate?  Greenhouse gases (GHGs), unlike other major gases in the atmosphere like nitrogen and oxygen, let sunlight in but absorb heat given off by the Earth, slowing the dissipation of heat into space and keeping the planet at a livable temperature. This effect of gases in the atmosphere is known as the greenhouse effect because GHGs have a similar effect to the glass of a greenhouse. However, the increased production of GHGs due to human activity, has increased their concentration in the atmosphere, and has caused further warming of the planet.
What human activities are creating which greenhouse gases?
Water vapour is an extremely important greenhouse gas, but is not due directly to human activity. However, the higher the air temperature due to the increase in other GHGs, the more water vapour is in the atmosphere. More water vapour absorbs more heat, and the higher the temperature, the more water is in the atmosphere…  A classic positive feedback loop. Clouds and water vapour are responsible currently for about 60% of the greenhouse effect. You may have noticed that on cloudy nights, the air temperature does not get as cold.
 Carbon dioxide (CO2), is produced by the burning of fossil fuels and by the cutting down of forests. Trees and the soil beneath them, store vast quantities of carbon which, when burned or decomposed, release CO2 into the air. Cement production is another major source of CO2. CO2 is removed from the atmosphere when it is absorbed by sea water or incorporated into organic material by plants. The concentration of CO2 in the atmosphere has never been above 300 ppm (parts per million) in the last million years until 1950. It now continues to rise and in 2020 is above 410 ppm. (1 ppm is equivalent to 1 drop of water in a 50-L tank.) Because the human-caused greenhouse effect is more than 80% caused by CO2, you will often see GHG emissions quantified as ‘metric tonnes of CO2 equivalents’ (tCO2e). Global emissions of energy-related carbon dioxide (likely about 2/3 of the total human-caused GHG emissions) is 33 billion tonnes per year in each of 2018 and 2019, the highest ever.
An example. It is hard to see the GHGs we create as they are mostly odourless, colourless gases. To illustrate, take a car with a 50-L gas tank full of gasoline. The mass of that gasoline is about 37 kg. When it is all used up through driving, the combustion of the gasoline as it combined with the oxygen in the air which powered the car, leaves behind 114 kg of CO2 and 53 kg of water vapour. It is in the air and we do not see it. There is no increase in ‘stuff’ as the oxygen was there in the air before. By combining with the gasoline, it is just transformed into a substance which causes the planet to warm.
Methane is produced by the decomposition of organic materials in the absence of oxygen. Recent increases are due to decomposition of organic wastes in landfills, rice paddies and the stomachs of ruminants (primarily cattle). Natural sources of methane in the ground (natural gas) are being released in vast quantities through mining and drilling for coal, oil and gas, especially hydrological fracturing (‘fracking’). Methane is responsible for about 10% of the human-caused greenhouse effect.
Nitrous oxide comes primarily from the decomposition of excess fertiliser used in agriculture as well as the burning of fossil fuels. It is small in concentration but a very powerful GHG, responsible for about 7% of the human-caused greenhouse effect.
Fluorinated gases are mostly created for use in refrigeration, air conditioning and some industrial processes. They are small in concentration but very powerful GHGs, responsible for about 3% of the human-caused greenhouse effect.
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Are there other effects of greenhouse gases ?  Much of the increased greenhouse gases as well as the resulting excess heat in the atmosphere are being absorbed by the ocean. Heating of the ocean is responsible for many of our extreme weather events including hurricanes. Also, carbon dioxide dissolved in water forms carbonic acid, increasing the acidity of seawater. As acidification continues, this is making the oceans less livable for many sea creatures especially those with shells.
Is climate change the whole problem or is it only a symptom of a bigger problem?  The increase in human populations and our increasingly urbanized and mechanised lifestyles have contributed to vast changes in the landscape. Currently, the biomass (total dry weight) of mammals on the Earth consists of 60% livestock, 36% humans and only 4% wild animals. Likewise, 71% of bird biomass is poultry, mostly chickens, while the remaining 29% is wild birds. Our destruction of forests for cities, agriculture, and timber has reduced the global biomass of plants by one half, reducing greatly the amount of Carbon in plants and increasing the amount of CO2 in the atmosphere. Plastic pollution threatens our oceans and modern agriculture is reducing the fertility of our soils. Through agriculture, deforestation and pollution, the biodiversity (number of species) on the planet, upon which healthy ecosystems depend, is declining. Our numbers and our consumptive lifestyles are damaging ecosystems both through extraction of materials and the creation of wastes. This is the ultimate cause of Climate Change. We are acting as though the Earth is unlimited but it is not and we humans need to change our attitude to the Earth and our way of life so that it is sustainable. This is the ultimate challenge we face.
Is climate change a crisis?  Absolutely it is a crisis! Not only are we already seeing many of the catastrophic effects listed in the Main Effects section above, but they continue to worsen. We have not yet seen the full effects of the GHGs already in the atmosphere, as there is a lag time. Scientists predict that if we do not get GHG emissions under control by 2030 and down to zero net emissions by 2050, global temperatures will soar out of control regardless of what we do, due to tipping points.  
What are tipping points?  Tipping points are temperatures where major catastrophic change occurs, and there is no turning back. There are several that we know of. One example is that the Arctic soil has a layer of permafrost, soil that never thaws sealing in enormous quantities of methane (a GHG) formed in the past by rotting organic material. As the permafrost melts, the methane is released and no amount of cooling of global temperatures can put it back in the ground.
                                           	[image: ]
                    	Methane escapes into the atmosphere when Arctic permafrost melts
How long have we known about climate change ?  Why have people of the world not done anything ?  The main reason that little action has been taken until the last few years is that powerful vested interests, especially in the fossil fuel industry, have poured billions into disinformation campaigns to confuse the public, much as the tobacco industry did for decades to delay legislation constraining tobacco use. A great resource to explain this is ‘The Merchants of Doubt’, a 2010 book by American historians of science Naomi Oreskes and Erik M. Conway and a 2014 film of the same name. Additionally, supporters of right-wing politics in many countries, which tend to distrust government intervention which is necessary to bring climate change under control, have jumped on any climate change denialism.It has been known since 1960 that humans were increasing the concentration of heat trapping gases in the atmosphere. A 1979 study of carbon dioxide's role in the climate found that major climate changes would result from the observed changes in concentration if they continued. The Intergovernmental Panel on Climate Change came to the conclusion in 2007 that most of the observed increase in global average temperatures since the mid-1900s is very likely due to the observed increase in human-caused GHG concentrations.
Can we solve the climate crisis ?  While there are too many uncertainties to be sure, climate scientists today say that to stop catastrophic climate change, we need to halve our emissions by 2030, and bring them to a balance of no new emissions (net zero) by 2050.
What are some of the solutions ?  There are myriad solutions, all positive for life on the planet as well as reducing climate change. The most important ten globally are : 1) Stop using fluorinated gases in refrigeration and destroy currently existing ones; 2) Build more wind turbines; 3) Reduce food waste; 4) Switch to a plant-rich diet; 5) Stop tropical forest destruction; 6) Educate girls; 7) Make family planning more available; 8) Build more solar farms; 9) Combine trees and shrubs with pasture to increase yields; 10) Build more roof-top solar.
Principal References :  
US EPA (Environmental Protection Agency) website
NASA (National Aeronautics  and Space Agency) website
P. Hawken (ed.), 2017. Drawdown. Penguin Books, New York.
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Kelly:  I’m very confused. Are we not writing this for adults, or is it for the kids?  The summary I posted weeks ago (see the highlighted section only) is based on the summary one page handout I use for grade 10s. I’m at a loss how it could be considered too complicated for teachers. Kids sure, but adults?  Again, attributing the foundational introduction to bill nye is a mistake as it will cause eye rolls with deniers and others who don’t think adults should be getting their science education from a children’s science personality. He’s great for the classroom but this document is for teachers?  Is it not?  Can we not use the bill nye stuff as a resource instead of the introduction to the whole curriculum document?  

Suzanna: I think what both Kelly and Tom have written is good. This is making it clear to me that we need an intro to climate change that is different across the 4 grade bands. This is my brainstorm for a primary one. Simple being the focus:

Scientists have been telling us for decades that human impacts on the Earth are causing big problems. In 2018 the United Nations’ scientist issued a warning that we have only until 2030 to (turn things around…? Someone more knowledgeable fill this in please!). 

We’ve all heard about the Greenhouse Effect, but what is it really? Greenhouse gases, namely, Carbon Dioxide (CO2), Methane (?), and water vapour naturally create a layer around the earth to keep it warm. Just like a blanket this layer of greenhouse gases in our atmosphere keep our planet warm 


See Kelly’s suggestions/ issues below….

A definition ~ 
Climate Change: a long term change in the earth’s overall temperature with massive and permanent ramifications. 

Climate Change has become part of our daily lives and discussions with friends, family, and in the media. It’s everywhere and has become hard to avoid. It is a real and serious issue that affects us all. The climate has always changed but most of these changes have been caused by small variations in the earth’s orbit around the sun called natural orbital variation. Climate change, as we know it today, has been caused by a sudden and rapid increase in the earth’s temperature. In fact 10 out of the last 13 years were the warmest on record. 97% of scientists studying this agree that these increases in temperature are not caused by natural orbital variation but by human activity. That means YOU and ME. Since the industrial revolution, technology has come a long way and led to many amazing inventions and advancements that make our everyday lives amazing. We can fly around the world, watch videos on handheld devices, video chat with friends, and even put a person in space. Although amazing, these advancements have been hard on the natural environment as we extract resources for manufacturing and in turn release greenhouse gases into the atmosphere. Greenhouse gases are a natural part of our atmosphere, but they can be dangerous in excess and the burning of fossil fuels is doing just that. As greenhouse gas amounts increase in our atmosphere the earth traps more heat and we begin to feel the effects locally. The oceans, which regulate global temperatures, are feeling these effects the most. Changes in the ocean are hard on the organisms that live there and those that rely on it, sea levels are rising due to swelling and ice melt, we are seeing increased extreme weather events like floods, heatwaves and drought, as well as tornadoes, hurricanes, and wildfires. The good news is that there are things we can do to slow this rapid change and perhaps mitigate the effects of extreme and sometimes scary conditions. We can recycle, ride or walk to get around, unplug our electronics, eat less meat, eat locally, and share what we know about the climate with others. Climate change is real and although humans are the cause we can also be part of the solution. It’s time we care and make our everyday decisions count toward making our climate the healthiest it can be to sustain us and the Earth we rely on for survival.

The above is my version of what the attached video says. I think Bill Nye sums it up nicely for those who need a little starter. It seems to be simple language, touches on most of what we hope to achieve, and is not overwhelming to read all at once. 

National Geographic (2015, December). Climate Change 101 with Bill Nye [Video File] https://www.youtube.com/watch?v=EtW2rrLHs08&list=PLJCAwhGa5sVwW0rT9MivT_1Lrwzqhi193&index=3&t=0s 



See email around my concerns re Bill Nye.  Are we not producing our own materials for this project?.  I have provided a summary...is it no good?  If so, lets edit it, shorten it, work with it, or write something else.  Also, as this is for publication by the district, it is crucial that we provide citations and an explanation of the scientific research agencies and evidence of the consensus.  Although this is for teachers, inevitably, the district will have to defend this publication from criticism (warranted or not) from the denial movement.  

British Royal Society videos
https://royalsociety.org/topics-policy/projects/climate-change-evidence-causes/basics-of-climate-change/

NASA KIDS  https://www.nasa.gov/kidsclub/index.html

NASA CLIMATE CHANGE  
Each of these are one minute videos - perfect for lay people...
https://www.youtube.com/watch?v=nAuv1R34BHA 
https://www.youtube.com/watch?v=dLGbqjp78lE
https://www.youtube.com/watch?v=msnOHuPep9I
https://www.youtube.com/watch?v=K9kga9c0u2I

https://climate.nasa.gov/

https://climatekids.nasa.gov/



Leading Questions for teachers to get their students thinking and provide some structure to their lesson plans...
What is the difference between climate and weather? 

How has climate change changed? What is natural orbital variation? 

Summary
CLIMATE CHANGE IS ONE OF THE DEFINING ISSUES OF OUR TIME.
 The science is clear, based on many lines of evidence, that humans are changing Earth’s climate. Earth’s atmosphere has warmed, ice packs are shrinking, ocean chemistry is changing and sea level is rising. 
The scientific evidence is undeniable. However, due to the nature of science, not every single detail is ever totally settled or completely certain, and questions still need to be answered. Scientific evidence continues to be gathered by scientific bodies around the world.  Research is always ongoing and findings are continually analysed and tested. Some areas of active debate and ongoing research include the rate and impact of change, estimates of how much warming to expect in the future, the processes and influence of ocean heating and cloud cover, and the connections between climate change and extreme weather events.
 Using information from Environment Canada, The Canadian Meteorological and Oceanographic Society (CMOS), National Oceanic and Atmospheric Association (NOAA), the latest climate change assessment from the United Nations’ Intergovernmental Panel on Climate Change, The British Royal Society, NASA and the US National Academy of Sciences, this reference document is meant to help educators understand some of the basics of climate-change science.  Clear, credible scientific information is a necessary part of all student’s education so that they may be able to make informed decisions for themselves about how to reduce the magnitude of climate change and to adapt to its impacts.
 Greenhouse gases such as carbon dioxide (CO2), methane, and water vapour absorb heat (infrared radiation) emitted from Earth’s surface in a process known as the Greenhouse Effect. Increases in the atmospheric concentrations of these gases cause Earth to warm by trapping more of this heat. Human activities—especially the burning of fossil fuels since the start of the Industrial Revolution—have increased atmospheric CO2 concentrations by about 40%, with more than half the increase occurring since 1970. Since 1900, the global average surface temperature has increased by about 0.9 °C. 
 The observed effects of this warming include a rise in sea level, a warming of the oceans, a decline in sea ice and increased acidity of the oceans.  Most of the warming has occurred in the last four decades and scientific research has demonstrated that the warming is mainly a result of the increased concentrations of CO2 and other greenhouse gases as a result of human activity.  Continued emissions of greenhouse gasses will cause further climate change, including substantial increases in global average surface temperature and important changes in regional climate. The pace and severity of these changes will depend on many factors,  but long-term climate change over the coming decades will depend mainly on the total amount of CO2 and other greenhouse gases emitted as a result of human activities.
 
Scientific Consensus on Climate Change Research
 
Several studies have shown that about 97% of climate scientists actively doing research agree that climate change is happening and is human-caused.  A study published in May, 2013 examined 11,944 climate abstracts from 1991–2011 in peer-reviewed scientific literature and affirmed that 97.1% of these scientists endorsed the consensus position that humans are causing global warming.  Does this mean that no scientific questions remain about climate change? Of course not. Scientists continue their efforts to better understand the many complex issues associated with climate change, including the rate of warming in the future, the specific climate impacts local areas will face, and the future rate of ice melt and sea level rise. The basic, fundamental facts that climate change is occurring and its central cause is human-made emissions are no longer subject to meaningful scientific debate: climate change is real, it's caused by human activities, we are already seeing the effects, and our current path has put us on course for serious results in the not-too-distant future.
 
Most of the leading science organizations around the world have issued public statements expressing this, including international, Canadian and U.S. science academies, the United Nations Intergovernmental Panel on Climate Change and a whole range of reputable scientific bodies around the world.
Scientific Associations and Academies Affirm Anthropogenic (human) Climate Change
Joint Statements: 
Changing Climate Report; Government of Canada, Ottawa, ON
https://changingclimate.ca/
Canada’s climate has warmed and will warm further in the future, driven by human influence. Global emissions of carbon dioxide from human activity will largely determine how much warming Canada and the world will experience in the future, and this warming is effectively irreversible. {2.3, 3.3, 3.4, 4.2}
Both past and future warming in Canada is, on average, about double the magnitude of global warming. Northern Canada has warmed and will continue to warm at more than double the global rate. {2.2, 3.3, 4.2}
Oceans surrounding Canada have warmed, become more acidic, and less oxygenated, consistent with observed global ocean changes over the past century. Ocean warming and loss of oxygen will intensify with further emissions of all greenhouse gases, whereas ocean acidification will increase in response to additional carbon dioxide emissions. These changes threaten the health of marine ecosystems. {2.2, 7.2, 7.6}
The effects of widespread warming are evident in many parts of Canada and are projected to intensify in the future. In Canada, these effects include more extreme heat, less extreme cold, longer growing seasons, shorter snow and ice cover seasons, earlier spring peak streamflow, thinning glaciers, thawing permafrost, and rising sea level. Because some further warming is unavoidable, these trends will continue. {4.2, 5.2, 5.3, 5.4, 5.5, 5.6, 6.2, 7.5}
Precipitation is projected to increase for most of Canada, on average, although summer rainfall may decrease in some areas. Precipitation has increased in many parts of Canada, and there has been a shift toward less snowfall and more rainfall. Annual and winter precipitation is projected to increase everywhere in Canada over the 21st century. However, reductions in summer rainfall are projected for parts of southern Canada under a high emission scenario toward the late century. {4.3}
The seasonal availability of freshwater is changing, with an increased risk of water supply shortages in summer. Warmer winters and earlier snowmelt will combine to produce higher winter streamflows, while smaller snowpacks and loss of glacier ice during this century will combine to produce lower summer streamflows. Warmer summers will increase evaporation of surface water and contribute to reduced summer water availability in the future despite more precipitation in some places. {4.2, 4.3, 5.2, 5.4, 6.2, 6.3, 6.4}
A warmer climate will intensify some weather extremes in the future. Extreme hot temperatures will become more frequent and more intense. This will increase the severity of heatwaves, and contribute to increased drought and wildfire risks. While inland flooding results from multiple factors, more intense rainfalls will increase urban flood risks. It is uncertain how warmer temperatures and smaller snowpacks will combine to affect the frequency and magnitude of snowmelt-related flooding. {4.2, 4.3, 4.4, 5.2, 6.2}
Canadian areas of the Arctic and Atlantic Oceans have experienced longer and more widespread sea-ice-free conditions. Canadian Arctic marine areas, including the Beaufort Sea and Baffin Bay, are projected to have extensive ice-free periods during summer by mid-century. The last area in the entire Arctic with summer sea ice is projected to be north of the Canadian Arctic Archipelago. This area will be an important refuge for ice-dependent species and an ongoing source of potentially hazardous ice, which will drift into Canadian waters. {5.3}
Coastal flooding is expected to increase in many areas of Canada due to local sea level rise. Changes in local sea-level are a combination of global sea level rise and local land subsidence or uplift. Local sea level is projected to rise, and increase flooding, along most of the Atlantic and Pacific coasts of Canada and the Beaufort coast in the Arctic where the land is subsiding or slowly uplifting.  The loss of sea ice in Arctic and Atlantic Canada further increases the risk of damage to coastal infrastructure and ecosystem as a result of larger storm surges and waves. {7.5}
The rate and magnitude of climate change under high versus low emission scenarios project two very different futures for Canada. Scenarios with large and rapid warming illustrate the profound effects on Canadian climate of continued growth in greenhouse gas emissions. Scenarios with limited warming will only occur if Canada and the rest of the world reduce carbon emissions to near zero early in the second half of the century and reduce emissions of other greenhouse gases substantially. Projections based on a range of emission scenarios are needed to inform impact assessment, climate risk management, and policy development. {all chapters}
 
The Canadian Meteorological and Oceanographic Society (CMOS)
“This statement on the science and implications of climate change draws on national and international assessment reports, such as Canada's Changing Climate Report (2019, https://changingclimate.ca/CCCR2019/), the World Meteorological Organization Statement on the state of the global climate in 2018 (2019, https://public.wmo.int/en/our-mandate/climate/wmo-statement-state-of-global-climate), the United Nations Intergovernmental Panel on Climate Change Special Report Global Warming of 1.5° C (2018, https://www.ipcc.ch/sr15/), and the United Nations Intergovernmental Panel on Climate Change Fifth Assessment Report (2013, https://www.ipcc.ch/assessment-report/ar5/). These reports include references to underlying peer-reviewed scientific literature upon which this statement is based.
·         Earth's climate---arising from the interaction of the atmosphere, ocean, ice, land surface, and living things---undergoes changes from both human activity and natural causes.
·         Knowledge of climate change is based on observations of the climate and scientific understanding of physical, chemical, and biological processes.
·         Humans influence the climate through changing the atmosphere's composition, primarily through emissions of greenhouse gases as a result of combustion of fossil fuels and deforestation.  Carbon dioxide (CO2) is the dominant human-emitted greenhouse gas. The current CO2 concentration is approximately 50% above the pre-industrial levels.
·         Human activity has been the main cause of the observed increase in temperature since the middle of the 20th century. The four recent years (2015-2018) have been the warmest years on record for global surface temperature. A long-term warming will continue in the 21st century, although individual months or years will also be affected by natural climate variations.” (2019)
 
American Association for the Advancement of Science 
"Based on well-established evidence, about 97% of climate scientists have concluded that human-caused climate change is happening." (2014)
 
American Geophysical Union
"Based on extensive scientific evidence, it is extremely likely that human activities, especially emissions of greenhouse gases, are the dominant cause of the observed warming since the mid-20th century. There is no alternative explanation supported by convincing evidence." (2019)5
 
American Meteorological Society
"Research has found a human influence on the climate of the past several decades ... The IPCC (2013), USGCRP (2017), and USGCRP (2018) indicate that it is extremely likely that human influence has been the dominant cause of the observed warming since the mid-twentieth century." (2019)7
 
American Physical Society
"Earth's changing climate is a critical issue and poses the risk of significant environmental, social and economic disruptions around the globe. While natural sources of climate variability are significant, multiple lines of evidence indicate that human influences have had an increasingly dominant effect on global climate warming observed since the mid-twentieth century." (2015)
 
The Geological Society of America
"The Geological Society of America (GSA) concurs with assessments by the National Academies of Science (2005), the National Research Council (2011),clima the Intergovernmental Panel on Climate Change (IPCC, 2013) and the U.S. Global Change Research Program (Melillo et al., 2014) that global climate has warmed in response to increasing concentrations of carbon dioxide (CO2) and other greenhouse gases ... Human activities (mainly greenhouse-gas emissions) are the dominant cause of the rapid warming since the middle 1900s (IPCC, 2013)." (2015)
International Scientific Academies: Joint Statement
"Climate change is real. There will always be uncertainty in understanding a system as complex as the world’s climate. However there is now strong evidence that significant global warming is occurring. The evidence comes from direct measurements of rising surface air temperatures and subsurface ocean temperatures and from phenomena such as increases in average global sea levels, retreating glaciers, and changes to many physical and biological systems. It is likely that most of the warming in recent decades can be attributed to human activities (IPCC 2001)." (2005, 11 international science academies)
 
U.S. National Academy of Sciences
"Scientists have known for some time, from multiple lines of evidence, that humans are changing Earth’s climate, primarily through greenhouse gas emissions."

Intergovernmental Panel on Climate Change
“Warming of the climate system is unequivocal, and since the 1950s, many of the observed changes are unprecedented over decades to millennia. The atmosphere and ocean have warmed, the amounts of snow and ice have diminished, and sea level has risen.”

“Human influence on the climate system is clear, and recent anthropogenic emissions of greenhouse gases are the highest in history. Recent climate changes have had widespread impacts on human and natural systems.”

 Inter
 
This is a list of the nearly 200 worldwide scientific organizations that hold the position that climate change has been caused by human action: 
 
1.        Academia Chilena de Ciencias, Chile
2.        Academia das Ciencias de Lisboa, Portugal
3.        Academia de Ciencias de la República Dominicana
4.        Academia de Ciencias Físicas, Matemáticas y Naturales de Venezuela
5.        Academia de Ciencias Medicas, Fisicas y Naturales de Guatemala
6.        Academia Mexicana de Ciencias,Mexico
7.        Academia Nacional de Ciencias de Bolivia
8.        Academia Nacional de Ciencias del Peru
9.        Académie des Sciences et Techniques du Sénégal
10.     Académie des Sciences, France
11.     Academies of Arts, Humanities and Sciences of Canada
12.     Academy of Athens
13.     Academy of Science of Mozambique
14.     Academy of Science of South Africa
15.     Academy of Sciences for the Developing World (TWAS)
16.     Academy of Sciences Malaysia
17.     Academy of Sciences of Moldova
18.     Academy of Sciences of the Czech Republic
19.     Academy of Sciences of the Islamic Republic of Iran
20.     Academy of Scientific Research and Technology, Egypt
21.     Academy of the Royal Society of New Zealand
22.     Accademia Nazionale dei Lincei, Italy
23.     Africa Centre for Climate and Earth Systems Science
24.     African Academy of Sciences
25.     Albanian Academy of Sciences
26.     Amazon Environmental Research Institute
27.     American Academy of Pediatrics
28.     American Anthropological Association
29.     American Association for the Advancement of Science
30.     American Association of State Climatologists (AASC)
31.     American Association of Wildlife Veterinarians
32.     American Astronomical Society
33.     American Chemical Society
34.     American College of Preventive Medicine
35.     American Fisheries Society
36.     American Geophysical Union
37.     American Institute of Biological Sciences
38.     American Institute of Physics
39.     American Meteorological Society
40.     American Physical Society
41.     American Public Health Association
42.     American Quaternary Association
43.     American Society for Microbiology
44.     American Society of Agronomy
45.     American Society of Civil Engineers
46.     American Society of Plant Biologists
47.     American Statistical Association
48.     Association of Ecosystem Research Centers
49.     Australian Academy of Science
50.     Australian Bureau of Meteorology
51.     Australian Coral Reef Society
52.     Australian Institute of Marine Science
53.     Australian Institute of Physics
54.     Australian Marine Sciences Association
55.     Australian Medical Association
56.     Australian Meteorological and Oceanographic Society 
57.     Bangladesh Academy of Sciences
58.     Botanical Society of America
59.     Brazilian Academy of Sciences
60.     British Antarctic Survey
61.     Bulgarian Academy of Sciences
62.     California Academy of Sciences
63.     Cameroon Academy of Sciences
64.     Canadian Association of Physicists
65.     Canadian Foundation for Climate and Atmospheric Sciences
66.     Canadian Geophysical Union
67.     Canadian Meteorological and Oceanographic Society
68.     Canadian Society of Soil Science
69.     Canadian Society of Zoologists
70.     Caribbean Academy of Sciences views
71.     Center for International Forestry Research
72.     Chinese Academy of Sciences
73.     Colombian Academy of Exact, Physical and Natural Sciences
74.     Commonwealth Scientific and Industrial Research Organization (CSIRO) (Australia)
75.     Consultative Group on International Agricultural Research
76.     Croatian Academy of Arts and Sciences
77.     Crop Science Society of America
78.     Cuban Academy of Sciences
79.     Delegation of the Finnish Academies of Science and Letters
80.     Ecological Society of America
81.     Ecological Society of Australia
82.     Environmental Protection Agency
83.     European Academy of Sciences and Arts
84.     European Federation of Geologists
85.     European Geosciences Union
86.     European Physical Society
87.     European Science Foundation
88.     Federation of American Scientists
89.     French Academy of Sciences
90.     Geological Society of America
91.     Geological Society of Australia
92.     Geological Society of London
93.     Georgian Academy of Sciences
94.     German Academy of Natural Scientists Leopoldina 
95.     Ghana Academy of Arts and Sciences
96.     Indian National Science Academy
97.     Indonesian Academy of Sciences 
98.     Institute of Ecology and Environmental Management
99.     Institute of Marine Engineering, Science and Technology
100.  Institute of Professional Engineers New Zealand
101.  Institution of Mechanical Engineers, UK
102.  InterAcademy Council
103.  International Alliance of Research Universities
104.  International Arctic Science Committee
105.  International Association for Great Lakes Research
106.  International Council for Science
107.  International Council of Academies of Engineering and Technological Sciences
108.  International Research Institute for Climate and Society
109.  International Union for Quaternary Research
110.  International Union of Geodesy and Geophysics
111.  International Union of Pure and Applied Physics
112.  Islamic World Academy of Sciences
113.  Israel Academy of Sciences and Humanities
114.  Kenya National Academy of Sciences
115.  Korean Academy of Science and Technology
116.  Kosovo Academy of Sciences and Arts
117.  l'Académie des Sciences et Techniques du Sénégal
118.  Latin American Academy of Sciences
119.  Latvian Academy of Sciences
120.  Lithuanian Academy of Sciences
121.  Madagascar National Academy of Arts, Letters, and Sciences
122.  Mauritius Academy of Science and Technology
123.  Montenegrin Academy of Sciences and Arts
124.  National Academy of Exact, Physical and Natural Sciences, Argentina
125.  National Academy of Sciences of Armenia
126.  National Academy of Sciences of the Kyrgyz Republic
127.  National Academy of Sciences, Sri Lanka
128.  National Academy of Sciences, United States of America
129.  National Aeronautics and Space Administration 
130.  National Association of Geoscience Teachers
131.  National Association of State Foresters
132.  National Center for Atmospheric Research 
133.  National Council of Engineers Australia
134.  National Institute of Water & Atmospheric Research, New Zealand
135.  National Oceanic and Atmospheric Administration
136.  National Research Council
137.  National Science Foundation
138.  Natural England
139.  Natural Environment Research Council, UK
140.  Natural Science Collections Alliance
141.  Network of African Science Academies
142.  New York Academy of Sciences
143.  Nicaraguan Academy of Sciences
144.  Nigerian Academy of Sciences
145.  Norwegian Academy of Sciences and Letters
146.  Oklahoma Climatological Survey
147.  Organization of Biological Field Stations
148.  Pakistan Academy of Sciences
149.  Palestine Academy for Science and Technology
150.  Pew Center on Global Climate Change
151.  Polish Academy of Sciences
152.  Romanian Academy
153.  Royal Academies for Science and the Arts of Belgium
154.  Royal Academy of Exact, Physical and Natural Sciences of Spain
155.  Royal Astronomical Society, UK
156.  Royal Danish Academy of Sciences and Letters
157.  Royal Irish Academy
158.  Royal Meteorological Society (UK)
159.  Royal Netherlands Academy of Arts and Sciences
160.  Royal Netherlands Institute for Sea Research
161.  Royal Scientific Society of Jordan
162.  Royal Society of Canada
163.  Royal Society of Chemistry, UK
164.  Royal Society of the United Kingdom
165.  Royal Swedish Academy of Sciences
166.  Russian Academy of Sciences
167.  Science and Technology, Australia 
168.  Science Council of Japan
169.  Scientific Committee on Antarctic Research
170.  Scientific Committee on Solar-Terrestrial Physics
171.  Scripps Institution of Oceanography
172.  Serbian Academy of Sciences and Arts
173.  Slovak Academy of Sciences
174.  Slovenian Academy of Sciences and Arts
175.  Society for Ecological Restoration International
176.  Society for Industrial and Applied Mathematics
177.  Society of American Foresters  
178.  Society of Biology (UK)  
179.  Society of Systematic Biologists
180.  Soil Science Society of America
181.  Sudan Academy of Sciences
182.  Sudanese National Academy of Science
183.  Tanzania Academy of Sciences
184.  The Wildlife Society (international)
185.  Turkish Academy of Sciences
186.  Uganda National Academy of Sciences
187.  Union of German Academies of Sciences and Humanities
188.  United Nations Intergovernmental Panel on Climate Change
189.  University Corporation for Atmospheric Research
190.  Woods Hole Oceanographic Institution
191.  Woods Hole Research Center
192.  World Association of Zoos and Aquariums
193.  World Federation of Public Health Associations
194.  World Forestry Congress
195.  World Health Organization
196.  World Meteorological Organization
197.  Zambia Academy of Sciences
198.  Zimbabwe Academy of Sciences
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These may be some of the headings we could use to organize the info - and then answer the questions?
Climate Change
Causes
Evidence
Weather and Climate
What is the relationship between people and the earth? (Tom)
Do we care if the earth is getting warmer?         	
What is the big deal with carbon?
What can we do to help?

Essential Questions:  
1.  Is climate warming? 
Yes. Earth’s average surface air temperature has increased by about 0.8 °C (1.4 °F) since 1900, with much of this increase taking place since the mid1970s. A wide range of other observations such as sea-level rise, reduced Arctic sea ice extent and increased ocean heat content provide incontrovertible evidence of a warming Earth. 
2.   How do scientists know that recent climate change is largely caused by human activities? 
Human activity leads to emissions of greenhouse gases (causing warming), and of other pollutants that produce small particles in the atmosphere (which can have both cooling and warming effects). The dominant influence of human activities on recent climate change is clear from an understanding of the basic physics of the greenhouse effect and from comparing the detailed patterns of recent climate change with those expected from different human and natural influences. Only when human influences on the composition of the atmosphere are incorporated can models reproduce observed changes in climate.
3. CO2 is already in the atmosphere naturally, so why are emissions from human activity significant? 
Human activities have significantly disturbed the natural carbon cycle by extracting longburied fossil fuels and burning them for energy, thus releasing CO2 to the atmosphere. The concentration of CO2 has increased by 40% since the Industrial Revolution.
4. What role has the Sun played in climate change in recent decades? 
The Sun has not played a major role in recent climate change. The Sun provides the primary source of energy driving Earth’s climate system and variations in the energy emitted by the Sun affect Earth’s climate. However, satellite measurements since the late 1970s show no overall increase in the energy emitted by the Sun, while the climate system has warmed.
6. Climate is always changing. Why is climate change of concern now? 
All major climate changes, including natural ones, are disruptive. Past climate changes led to extinction of many species, population migrations, and pronounced changes in the land surface and in ocean circulation. The speed of the current climate change makes it more difficult for human societies and the natural world to adapt
7. Is the current level of atmospheric CO2 concentration unprecedented in Earth’s history? 
The present level of atmospheric CO2 concentration is almost certainly unprecedented in the past million years, during which time modern humans evolved and societies developed. The atmospheric CO2 concentration was however higher many millions of years ago, at which time temperatures and sea levels were also higher than they are today.
8. Is there a point at which adding more CO2 will not cause further warming? 
No. Adding more CO2 to the atmosphere will cause surface temperatures to continue to increase. The addition of extra CO2 becomes progressively less effective at trapping Earth’s energy, but surface temperature will still rise.
9. Does the rate of warming vary from one decade to another? 
Yes. The observed warming rate has varied from year to year, decade to decade, and place to place. These shorter-term variations are mostly due to natural causes, and do not contradict our fundamental understanding that the long-term warming trend since the mid-20th century is primarily due to human-induced changes in the atmospheric levels of CO2 and other greenhouse gases.
11. If the world is warming, why are some winters and summers still very cold? 
Global warming is a long-term trend, but that does not mean that every year will be warmer than the previous one. Day to day and year to year changes in weather patterns will continue to produce some unusually cold days and nights, and winters and summers, even as the climate warms.
13. How does climate change affect the strength and frequency of floods, droughts, hurricanes and tornadoes? 
Earth’s lower atmosphere is becoming warmer and moister as a result of human-emitted greenhouse gases. This means that more water is likely to be drawn into major rain storms, which could lead to more flooding events. There is considerable uncertainty over changes in hurricanes and tornadoes, but the extra energy available may make the strongest hurricanes stronger. Dry areas of the subtropics are expected to become drier in the future.
14. How fast is sea level rising? 
Best estimates of the global-average rise over the last two decades suggest 3.2 mm per year (0.12 inches per year). The overall observed rise since 1901 is about 20 cm (8 inches). If CO2 and other greenhouse gases continue to increase on their current trajectories, it is projected that sea level may rise by a further 0.5 to 1 m (1.5 to 3 feet) by 2100. 
15. What is ocean acidification and why does it matter? 
About a quarter of the emissions of carbon dioxide from human activities are soaked up by oceans each year. The extra CO2 causes the chemical balance of seawater to shift to a more acidic state (lower pH) and some corals and shellfish have shells composed of calcium carbonate which dissolves more readily in acid. Acidification is likely to shift the competitive advantage among species, with as-yet-to-be determined impacts on marine ecosystems and the food web
16. How confident are scientists that Earth will warm further over the coming century? 
Very confident. If emissions continue on their present trajectory, then warming of 2.6 to 4.8 °C (4.7 to 8.6 °F), in addition to that which has already occurred, would be expected by the end of the 21st century. The range of values accounts for the fact that there are open questions as to how exactly some natural processes such as cloud formation amplify or reduce the direct warming effect of increasing levels of CO2.
17. Are climate changes of a few degrees a cause for concern? 
Yes. Even though an increase of a few degrees in global average temperature does not sound like much, global average temperature during the last ice age was only about 4 to 5 °C (7 to 9 °F) colder than now. Global warming of just a few degrees will be associated with widespread changes in regional and local temperature and rainfall as well as with increases in some types of extreme weather events. These and other changes (such as sea level rise and storm surges) will have serious impacts on human societies and the natural world.
18. What are scientists doing to address key uncertainties in our understanding of the climate system? 
Science is a continual process of observation, understanding, modelling, and testing. The prediction of a long-term trend in global warming from increasing greenhouse gases is robust and has been confirmed by a growing body of evidence. Nevertheless, understanding (for example, of cloud dynamics) remains incomplete. All of these are areas of active research.
19. Are disaster scenarios about tipping points like ‘turning off the Gulf Stream’ and release of methane from the Arctic a cause for concern? 
Results from the best available climate models cannot currently predict abrupt changes or ‘tipping points’ in the climate with enough certainty.  There are so many variables. . However as warming increases, the possibilities of major abrupt change cannot be ruled out.
20. Why is Arctic sea ice reducing while Antarctic sea ice is not? Sea ice extent is affected by winds and ocean currents as well as temperature. Sea ice in the partly-enclosed Arctic Ocean seems to be responding directly to warming, while changes in winds and in the ocean seem to be dominating the patterns of sea ice change in the Southern Ocean around Antarctica.
21.   If emissions of greenhouse gases were stopped, would the climate return to the conditions of 200 years ago? 
No. Even if human emissions of greenhouse gases were to suddenly stop, Earth’s surface temperature would not cool and return to the level it was at before the Industrial Revolution for thousands of years because CO2 is only removed from the atmosphere over these very long time scales.
Big Questions
1.      What is the atmosphere?
2.      What is the difference between climate and weather?
3.      What are the global warming gasses in the atmosphere?
4.      What is the Greenhouse Effect?
5.      Why does climate change?
6.      Why is carbon important?
7.      What are fossil fuels?
8.      What causes air pollution?
9.      How much is climate changing right now?
10.  How do we know the climate is changing?
11.  What can we do to help solve climate change?
12.  What is the water cycle?
13.  What are carbon sources?  Where does co2 come from?
14.  What are carbon sinks?  What removes co2 from the atmosphere?
15.  How do we predict future climate?
16.  How do clouds affect Earth’s climate?
17.  How does climate change affect storms?
18.  How do scientists measure sea level?
19.  What is happening to the oceans?
20.  How does climate change affect sea level?
21.  How does climate change affect coral reefs?
22.  How do we know what the climate was like before?
23.  Which pole is colder?
24.  It’s cold.  Is global warming over?
25.  What is permafrost?
26.  What are the tipping points?
27.  What else do we need to find out about climate change?
28.  What is carbon capture and storage?
29.  How can co2 be recycled and turned into a resource?
30.  What is a carbon footprint?
31.  How will climate change affect food?
32.  What are the difficulties in solving climate change?
33.  Is climate change a crisis?
34.  What happens if the world warms 2 degrees Celsius?
35.  Why is there so much misinformation about climate change?  Why do people reject science? 
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