Teacher Friendly Guide to Climate Change
Draft Outline

Each chapter will include the following:
· General presentation of the scientific concepts
· U.S. regional cases
· Boxes on “observations in your own backyard/community”
· Graphic on change at different temporal scales
· Discussion of impact and what could be done to minimize
· Activities:  measurements, experiments,  and observations in your own school/backyard
· List of data sources
· List of information sources
· Box(es) on connections to other sciences
· Box(es) on misconceptions
· Boxes illuminating connections to NGSS dimensions


__________________________________________________________________


CHAPTERS /TOPICS
1. What is climate?
a. define climate
b. define weather
c. difference between weather and climate
d. forcing and response
e. systems (from global to micro-scale)
f. cycles
i. diurnal
ii. seasonal
iii. el nino/la nina
iv. sunspots
v. decadal cycles in hurricanes
g. prediction
i. weather forecasting vs. climate change prediction
ii. modeling at different scales
iii. quantifying uncertainty



2. What determines climate? Why is our local climate the way it is?
Imagine a snapshot in time of current climate (recognizing that it’s not steady state)
a. Because of our position and movement with respect to the Sun
i. Insolation
ii. Earth’s orbit and movement
b. Because of our location on the Earth
i. Plate tectonics
ii. Latitude
iii. Topography
1. Elevation
2. Windward/leeward side of mountains, bodies of water
iv. Proximity to water
c. Because of the characteristics of Earth’s surface: land, water, and ice
i. Albedo
ii. Ocean circulation
iii. Heat exchange between water, land, and air
d. Because of the characteristics of Earth’s atmosphere
i. Greenhouse effect
ii. Circulation
iii. Dust and other aerosols
e. Because of life on Earth
i. Life and atmospheric chemistry
1. Life and oxygenating the atmosphere
2. Life and the carbon cycle
ii. Human activity
1. land use (i.e., cities as heat islands)
2. greenhouse gas emissions
3. aerosol emissions

Within this chapter, have boxes that address the question “what causes climate to change?” Changes in…
· Heat received
· Earth’s orbit, tilt, and wobble - Milankovitch cycles
· Solar activity - sunspots
· Heat trapped
· Volcanic activity – addition of greenhouse gases to atmosphere
· Human activity – addition of greenhouse gases to atmosphere from fossil fuel burning, cement production
· Carbon cycle changes
· Heat reflected
· Asteroid impact – paleoclimate examples, albedo change 
· Volcanic activity – albedo change from particles in atmosphere
· Human activity – land use change
· Heat moved/circulated
· Ocean circulation
· Atmospheric circulation
· Sea ice and ice sheets
· Plate tectonics (over the very long term)
· Feedbacks
· Systems
· Albedo-temperature
· Greenhouse gases-temperature
· Tipping points

3. How has climate changed in the past, what caused it, and how do we know? 
a. Origination and evolution of the atmosphere
i. Relationship between atmospheric O2 and life
ii. Why do certain gases warm the atmosphere?
1. Characteristics of ghg and non-ghg molecules
2. [bookmark: _GoBack]Global warming potential
iii. Atmospheric CO2 and surface temperature 
1. over geologic time
2. since 1700 (combine ice core and Keeling data)
3. Why temp leads CO2
iv. How do we know? From fossil record, ice cores, proxy climate indicators, and models
b. hot / cold shifts over geologic time scales
i. Causes – plate tectonics, changes in insolation, ocean and atmospheric circulation, and  atmospheric chemistry
ii. Relationship with life
iii. How do we know? From fossil and geologic evidence, proxy climate records, ice core records (for the last 800,000 years), and models 
c. ice ages
i. Snowball Earth hypothesis
ii. glacial/interglacial periods within current ice age
iii. How do we know? From fossil and geologic evidence, ice core record, proxy climate records

4. Climate records: how we know what our climate has been in the past and how we’re tracking it today
a. ice cores 
b. sediment cores, fossil record
c. sea level (note: include Virtual Field Experience)
d. proxy climate indicators 
i. fossils
ii. dendrochronology
iii. leaf physiognomy
iv. leaf stomate density analysis
v. pollen analysis
vi. midges in sediment cores(example from Then & Now exhibit)
vii. growth rings in fossils
viii. glacial features
ix. other…
e. Human record-keeping
i. Discuss the age and reliability of human-kept records
ii. Specific examples
1. Keeling Curve
2. Tide gauge data on U.S. east coast
3. Remote sensing data
4. Citizen science (early example: Thoreau)
5. Other…
f. Climate models
i. Role in describing past climates, predicting future climates
ii. Models to understand systems
iii. Models to make predictions

5. What are humans doing that affects climate today (and in the future)?
All processes depend on energy use.
a. Human role in carbon cycle changes
i. fossil fuel 
1. burning
2. extraction
ii. land use change
1. deforestation
2. reforestation
iii. agricultural land use
iv. other land use
v. waste management
vi. cement production
vii. other industrial and energy production
b. aerosols
i. atmospheric reflection
ii. albedo
c. Solutions to human-induced changes
i. Mitigation and adaptation
ii. Energy: use different energy and/or use less energy
iii. Mitigation examples
1. Net-zero building initiatives, 2030 Challenge
2. Changing transportation methods and patterns
a. Walkable/bikeable communities
b. Driverless cars may mean fewer cars (and garages, and parking spaces, allowing for denser population)
3. Renewable energy sources
4. Energy conservation initiatives
5. Geoengineering
a. Discuss potential environmental impacts
6. Many other examples…

iv. Adaptation examples
1. Coastal re-engineering
2. Stormwater management (Syracuse Save the Rain)
3. Agriculture
4. Many other examples…

6. What are the impacts of climate change on the Earth and its life?
a. Temperature changes (mean annual and min/max); discuss impacts on
i. Ecosystems
1. Biodiversity and abundance
2. Invasive species
ii. Agriculture and food security
iii. Public health
iv. Energy use
v. Infrastructure and property
b. Sea level change
i. Coasts
ii. Ecosystems
iii. Water supply
iv. Infrastructure and property
c. Precipitation changes; discuss impacts on
i. Ecosystems
1. Biodiversity and abundance
2. Invasive species
ii. Agriculture and food security
iii. Public health
iv. Water supply and quality
v. Infrastructure and property
d. Storms and extreme weather; discuss impact on
i. Coasts
ii. Ecosystems
iii. Agriculture and food security
iv. Infrastructure and property
v. Public health
vi. Energy
e. Ocean acidification; discuss impact on
i. Coasts
ii. Ecosystems
iii. Biodiversity and abundance
iv. Food security
f. Habitat loss; discuss impacts on
i. Coasts
ii. Ecosystems
iii. Forests
iv. Biodiversity and abundance
g. Solutions

