1. Earth Systems and Resources (10-15%)
a. Earth Science Concepts

i. Geologic Time Scale(only the basics)
1. Precambrian – 87% of geologic time scale from origin of earth to 570m years ago
2. Paleozoic Era – lots of multicellular organisms( insects, at the end was a mass extinction (540-250m.y.a)
3. Mesozoic Era – 250-65m.y.a, dinosaurs were alive, became extinct (age of the reptile)
4. Cenozoic Era -65m.y.a to present
ii. Earth history – (Chapter 5, pg. 96-99) – chemical evolution lasted 1 b.y., biological evolution began 3.7 b.y.a

1. Oparin’s hypothesis –life could be created from the compounds in the earth’s primitive atmosphere and lightning (fig 5-3) – called abiogenesis
iii. Plate Tectonics (pg. 205-207) – continents/oceans are carried on lithospheric plates which ride on the asthenosphere (liquid-like layer of the mantle)

1. 3 types of boundaries exist: (fig 10-6, pg. 208) divergent (moving away from each other), convergent (moving towards each other), transform fault (slide past each other)

2. Caused the continents to move over time – started out as one land mass (Pangaea) 225m.y.a to where they are now (pg.106, fig 5-9)

3. Earthquakes /Volcanoes occur at plate boundaries (fig 10-5, pg. 207) – when the plates move against each other

iv. Earthquakes(pg. 210 and fig 10-9) – stressed rock along a plate boundary shifts causing movement releasing energy in the form of shock waves
v. Volcanism (fig 10-6, middle and fig 10-11)– usually occurs along plate boundaries when one plate converges with another and SUBDUCTS underneath the other – the subducted plate melts, and the magma rises to the surface to form a volcano 
vi. Seasons (pg.115-116 and Fig6-8) – due to the 23.5° tilt to the earth’s axis.  Northern Hemisphere is tilted towards the sun in the summer and away from the sun during the winter.  During the spring and fall, the sun is aimed directly at the equator
1. The tilt is also creates opposite seasons in the Northern and Southern Hemispheres (when the N.Hemi experiences summer, the S. Hemi experiences winter)
vii. Solar Intensity and Latitudes (pg.117, fig 6-9a) - 30°L N and S of the equator have the greatest solar intensity, and have tropical (hot) climates, between 30°L and 60°L N and S of the equator, temperatures vary from warm in the summer to cool in the winter, between 60°L and 90°L (the poles) temperatures are very cold, and these areas experience very little sunlight when the earth is tilted away from the sun, and full days of sunlight when the earth is tilted towards the sun
b. The Atmosphere
i. Composition (pg. 419) ; has varied over time (spotlight, pg. 99), currently: 78% nitrogen, 21% oxygen, remainder = water vapor (0.1-4%), argon(~1%), CO2 (0.037%)
ii. Structure (pg. 419-420 and fig 17-2): 
1. Troposphere - lowest layer, includes us, weather, 75-80% of earth’s mass – temp. DECREASES as you go up in altitude)
2. Stratosphere - above troposphere, holds ozone (V.important b/c keeps 95% of sun’s harmful UV radiation from reaching us, protects from skin cancer, sunburn, prevents O2 in tropo. from being converted to photochemical ozone - harmful), 1/1000 as much water vapor as in tropo., temp. INCREASES as you go up in altitude
3. Mesosphere – coldest layer above strato., Temp DECREASES as you go up
4. Thermosphere – uppermost layer, Temp. increases as you go up
iii. Weather (pg.111) – short term properties of the troposphere: temp, pressure, humidity, precipitation, cloud cover, etc.

1. Changes when one air mass meets another (fig 6-2): warm front – warm air (less dense) meets cold air and moves in slowly; cold front – cool air (more dense) moves in quickly = thunderstorms to overtake warm air

2. Changes can also occur in atmospheric pressure – highs/lows; can lead to weather extremes: tornadoes (most happen in US), hurricanes (in Atlantic), typhoons (in Pacific)

iv. Climate (pg. 115-117) – region’s general weather conditions over a LONG period of time; main factors affecting it are: Avg. temp. and avg. precipitation; factors:

1. Equator is heated more than the poles (more direct sunlight) so tropical regions=hot, polar=cold, so higher latitudes are colder (*REMEMBER equator latitude = 0)

2. Earth’s axis is tilted at 23.5 angle (pg. 116, fig 6-8) – N. hemisphere gets more direct sunlight when it tilts towards the sun (our summer); S. hemisphere gets more direct sunlight when it tilts towards the sun (our winter)

3. Earth tilt wobbles (precession) as it goes around the sun

v. Atmospheric Circulation (pg.117, fig 6-9b) – at the equator (doldrums) hot air rises, travels between 0-30°L (the trade winds) falls at 30°L, can go towards the poles or circle back towards the equator.  If go towards the poles: between 30-60°L (westerlies), then rises at 60°L, can go towards the poles or circle back down.  If go towards the poles, between 60-90°L (polar easterlies), at the poles, air falls and travels back towards the equator
vi. The Coreolis Effect Earth rotates on its axis – winds are DEFLECTED to the RIGHT in the N. Hemi, to the LEFT in the S. Hemi (called Coreolis effect) = 6 convection cells transferring heat from one area to another (fig 6-9b) 
vii. Atmosphere-ocean interactions Heat from sun evaporates water, transfers ocean heat to atmosphere (v.strong near equator) = transfers heat/ water from one area to another = different climates/ vegetation in different places (**fig. 6-10 and 6-11)

1. Creates warm/cold Ocean currents – redistributes heat from sun (w/out it Europe would be subarctic) – fig 6-12
viii. ENSO(pg. 119, fig 6-14 and 6-15) = El Nino – southern Oscillation – westerly winds cease, surface water warms at W. part of Americas, upwelling of cold-nutrient-rich water is suppressed (causes decline in aquatic productivity/fish populations) = less hurricanes in Atlantic also
c. Global Water Resources and Use

i. Freshwater/saltwater

1. Oceans (pg.153 and fig 7-7): Euphotic zone (lighted upper zone w/photosynthesis, high DO, low nutrients, predatory fish), Bathyal zone (dimly lit middle zone, zooplankton/smaller fish), Abyssal zone (dark lower zone/little DO/lots of nutrients)

2. Lakes (pg. 156-157 and fig 7-20): littoral zone (shallow sunlit water near shore/to depth plants stop growing), limnetic zone (open sunlit surface layer away from shore/produces food for the lake), profundal zone (deep ocean water/too dark for photosynthesis), benthic zone (bottom of lake inhabited by organisms that tolerate low DO and temp.)

a. Oligotrophic lake – nutrient poor lake

b. Eutrophic lake – nutrient rich lake – sometimes caused by runoff of fertilizer (nitrates/phosphates into lake – cultural eutrophication)

c. In temperate zones, lakes get thermal stratification (fig 7-22 and pg. 157):

i. summer (epilimnion – upper layer w/high DO, thermocline –temp changes rapidly, hypolimnion – lower layer, cold dense water where nutrients stay)

ii. Fall overturn (mixing) – thermocline disappears, nutrients come to the top, DO goes to the bottom, fish can live anywhere

iii. Winter – density separation – coldest temp on top, DO in middle

iv. Spring overturn (mixing)

3. Freshwater streams/rivers(fig 7-23 and pg. 159) – Source zone (turbulent headwaters, lots DO, fish w/flattened bodies), transition zone (headwaters merge = wider, deeper streams = more producers, lower DO), floodplain zone (streams join into rivers that meander across valleys, higher temp, less DO, empty into ocean)
ii. Ocean circulation (pg.458) – helps moderate the earth’s avg. surface temperature by removing 29% of CO2 from the atmosphere
1. water from N.Atlantic is dense, sinks ( then wells up in the warmer Pacific ( goes back to the Atlantic, sinks again – known as the “heat conveyor belt” 

a. if the loops stalls due to global warming, drastic climate changes could happen very quickly

iii. Industrial Uses – 20% of water use, includes energy production and power plant cooling
iv. Agricultural uses (pg.330-331 and pg.316) –70% of water use - 57% of irrigation water doesn’t get to crops, most water is used for agriculture – types include (fig 14-18, pg330):

1. drip-irrigation (efficiency = 90-95%) – above/below ground pipes/tubes deliver water to individual plant roots

2. Center-pivot (eff. = 80-90%) – water pumped from underground, sprayed from mobile circling sprinklers

3. gravity flow (eff = 60-80%) – water fills ditches in crop field, much is lost **this can also be called flood-irrigation
v. Domestic uses (pg.316) – 10% of water use
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vi. Surface and groundwater issues (pg.314-315) 

1. Rain that doesn’t go into the ground is surface water, it can either evaporate or in can flow into lakes and streams
a. About 2/3 is lost (not available for human use)

b. Other 1/3 is a stable source of water

2. Rain that infiltrates the ground, filling pores, voids, and spaces is groundwater

a. Groundwater flows into aquifers, which are replenished naturally (slowly) – fills the water table
b. Depleting aquifers can lead to water shortages in the future

vii. Global problems (fig 14-8, pg.318) – “one-quarter of the world's population lives in areas where water is physically scarce, while about one-sixth of humanity -- over a billion people -- live where water is economically scarce, or places where "water is available in rivers and aquifers, but the infrastructure is lacking to make this water available to people."
1. access to reliable, safe and affordable water is key to fighting poverty in developing nations around the world

viii. Conservation - most cost-effective and environmentally sound way to reduce our demand for water.  
1. Achieving more sustainable water use:

a. Not depleting aquifers

b. Preserving water quality

c. Integrated watershed management

d. Marketing of water rights

e. Wasting less water

f. Increase gov’t subsidies for reducing water waste

g. Decrease gov’t subsidies for supplying water

h. Outside party mediation for water disputes between nations

2. Tips to conserve water:
a. Only water lawn when necessary

b. Fix leaky faucets

c. Install water-saving showerheads

d. Run only full washing machine loads

e. Shorten showers

d. Soil and Soil Dynamics

i. Rock Cycle(pg. 209-210 and fig 10-8) – magma (liquid rock) comes to the surface, cools to form igneous rock, then pre-existing rock weather/erodes and is deposited to form sedimentary rock, pre-existing rock that is subjected to high pressure/temperatures can form metamorphic rock, rock can melt again to form magma at any time
ii. Soil formation (pg. 212-216 and fig 10-12) – soil profile (from top to bottom):
1. O Horizon – surface leaf litter (twigs, leaves, fungi, etc.)
2. A horizon – top soil layer (includes humus, fertile soil)

3. B horizon – subsoil (inorganic matter)

4. C horizon – parent material (like broken down rock)

iii. Composition – water moves through soil by infiltration, it dissolves various soil components in upper layers, carries them to lower layers (leaching); 

1. Soil texture depends on proportion of clay (very fine particles), silt (fine particles), sand (medium-sized particles): determines porosity, permeability, structure (fig 10-16, 10-17, table 10-1) – loams  (with equal amounts of sand/silt/loam) are BEST for growing crops
iv. Physical and Chemical properties:
1. Soil permeability – clays have low permeability, sand has high permeability

2. Soil porosity – larger pores (sand)  = more air, higher permeability

3. Soil pH 

a. If  acid – add lime (an alkaline substance)

b. If base – like dry regions of west/southwest US, adding sulfur can convert to sulfuric acid by bacteria

v. Main important soil types (pg. 215, fig 10-15) found in the 5 major biomes (**review these, pg.124, fig 6-21, 6-22):

1. Desert soil – hot, dry climate = weak humus, reddish/brown

2. Grassland soil – semiarid climate = alkaline (basic) dark-colored, rich humus

3. Tropical rain forest soil – humid, tropical climate = acidic light-colored humus

4. Deciduous forest soil – humid, mild climate = forest leaf litter, humus/minerals, grayish brown loam, dark brown firm clay

5. Coniferous forest soil – humid, cold climate = acid litter, light-colored acidic topsoil, humus/iron/aluminum
vi. Soil Erosion (pg.216-217) – movement of soil components, especially surface litter and topsoil from one place to another 

1. Two main agents: 

a. flowing water (causes the most soil erosion) 

i. Sheet erosion – when surface water moves down a slope or across a field in a wide flow, peeling off uniform layers of soil

ii. Rill erosion – surface water flows fast – cutting small channels in the soil

iii. Gully erosion – rills join together and get deeper – becoming ditches and gullies

b. wind

2. Can be natural or human made

3. Major harmful effects: loss of soil fertility and runoff that can pollute water, kill fish, clog irrigation ditches/lakes

4. Soil is renewable, but can take 1000 years to naturally regenerate

vii. Soil Conservation – goal is to reduce soil erosion and increase soil fertility (pg.222-224)
1. Conservation-tillage farming:

a. Minimum-tillage farming – special tillers break up subsurface soil without turning over topsoil

b. No-tillage farming  - planting machines inject seeds/fertilizers/weed killers into slits in unplowed soil

2. Terracing – converts land into broad, nearly level terraces on steep hilly slopes

3. Contour farming – plowing/planting crops in rows across contours of gently sloped land

4. Strip cropping – planting alternative strips of 2 different crops (cash crop and cover crop)

5. alley cropping (agroforestry) – several crops are planted together in alleys with shrubs/trees between the rows

