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1. What evidence do we have of past climate change on a global level?  Future?  How does this relate to DUPC?

Description: The ice core records at Greenland and Antarctica show that atmospheric CO2 has varied between 200 ppmv (ice ages) and 280 ppmv (inter-glacials) over the past 460,000 years.  Analysis of records preserved in peat bogs, marshes, lakes, ocean sediments .. all point to a global redistribution of plant and animal species.   The timing of the flora and fauna changes is tied to changes in CO2.

Understanding: Because CO2 is long-lived in the atmosphere and is mixed globally in <5 years (recall Allen Goldstein lecture), the CO2 records show that climate forcing has changed globally.  The paleo record documents the biosphere's response to the climate change.

Description:  Atmospheric CO2 has been increasing because of the CO2 added due to the combustion of fossil fuels (old carbon).  The increase is happening at a faster rate, and has increased to a higher level (>370 ppmv in 2002) than the past 460,000 years.  

Prediction:  We therefore PREDICT global warming will result from the increase in CO2 in the atmosphere.

Control:    This is the subject of the United Nations Framework Convention on Climate Change.  Don't know how yet.

2. What is the importance of the crysphere?  How does it affect the planet and Environmental Science as a whole?

The cryosphere refers to the frozen parts of the Earth.  The cryosphere plays many roles:

· Snow and ice have high albedo (60-80%, compared with 15% for forests and 20-30% for deserts).  They reflect sunlight and, in this way, influence how much of the sun's energy is absorbed by the surface.

· Snow packs and glaciers represent one way to store water.  In California, spring melt of snow packs delivers water to reservoirs.  With global warming, the melting of "permanent" glaciers (e.g. in Alaska, Greenland, Antarctica) would raise sea level and inundate low-lying lands.

· The cryosphere is also an extreme environment and unique habitat for bacteria and other life-forms.

3. How has human energy use impacted the environment?

Energy use impacts the environment in several important ways:

· exploration of and mining for coal, oil and gas alters the landscape on a large scale.  This alteration disturbs ecosystems.
· burning of coal, oil and gas converts carbon into CO2 and contributes to greenhouse warming. The climate change in turn contributes to the re-distribution of ecosystems.
· In the combustion of fossil fuels, atmospheric N2 is also combusted at high temperature.  This creates "smog" (oxides of nitrogen) and alters atmospheric chemistry.
4. Why are atmospheric and oceanic circulations important?  How do they fit in with DUPC?

The atmospheric (oceanic) circulations refer to the winds (current), temperature, water vapor (salinity), precipitation and other aspects of the atmosphere and ocean.  The winds and currents themselves are regional and local responses to the energy balance/imbalance of the Earth.  In turn they re-distribute heat, water and momentum to maintain the energy balance.  The hydrologic cycle (evaporation from the land and ocean, condensation to form clouds, precipitation and runoff) is tied to the temperature, winds and other aspects of the circulation.  What the local biosphere "feels" in terms of  temperature and precipitation (salinity) are not only a result of the energy balance, but also a result of the atmospheric and oceanic circulation.  

Description:  For example:  Easterly winds (from the east) in the tropics; westerlies in the middle latitudes.  Monsoonal reversal of winds between the summer and winter.   East coast of US is warmer than the west coast because the Gulf Stream brings warm water from the tropics to middle latitudes and warms these latitudes.

Understanding:  For example:  Winds are the result of acceleration by pressure gradient forces, Coriolis "force", buyancy forces (gravity), friction.  Pressure gradients change with regional differences in heating and cooling.   Latent and sensible heat transfer is enhanced over warm water. 

Prediction:  Changes in atmospheric and oceanic circulation will change the habitats for different biomes.

Controls:  ?

5. What is the importance of Earth's energy budget in E.S.?

All processes require energy.  Temperature is a measure of internal energy of a system.  The Earth's energy budget describes how the Sun's energy is reflected, scattered and absorbed, and how the Earth's radiation is absorbed or transmitted to space.  Obtaining an energy balance means that Earth can maintain a steady temperature.  An imbalance will lead to warming or cooling.

The understanding of the energy budget allows us to explain why the ice ages got as cold as it did, and predict how, and by how much, the earth may warm up with the addition of CO2 to the atmosphere.  

The understanding of the energy budget also allows us to understand how much energy is available near the earth's surface for photosynthesis, and to predict the distribution of temperature and moisture that determine ecosystem habitats.

6. What is the role of paleoclimatology in the central themes of E.S.?

Paleo-climate is a very important test of our understanding of how the climate system works - to check if the climate response (warming and cooling in the past) can be explained by the climate forcing (changes in solar input, changes in CO2 in the atmosphere, etc) and the climate feedbacks (changes in glacial extents...).   

7. Why is the global carbon cycle important in E.S? How it fit in with DUPC?  

What are the main aspects ofhte carbon cycle that are most important?  What is carbon's relationship to mineralization and remineralization?  

The carbon cycle also examines how carbon is moved between the atmosphere nad land, and between atmosphere and the oceans. The geologic carbon cycle examines the movement of carbon on longer time scales, via weathering and volcanic outgassing.     Below we describe the atmosphere-land cycle in greater detail.

Carbon is a key ingredient of life.  It is important to understand the processes that convert one form of carbon to another form of carbon (e.g. photosynthesis:   inorganic C --> organic C;  remineralization:  organic C --> inorganic C).  These processes in turn determine the inventory of carbon in the different reservoirs.    

The carbon cycle examines how carbon is converted to organic matter from CO2 to the atmosphere (photosynthesis), remains in the biosphere as biomass, and is remineralized  and returned to the atmosphere when microbes decompose the dead organic matter. 

[Note, a very minute amount of dead organic carbon is not remineralized because they are in anaerobic (no oxygen) environment.  These are buried and subjected to high temperature and pressure and become coal, oil and gas over millions of years.] 

The photosynthetic uptake of CO2 from the atmosphere and the respiratory return to the atmosphere are very evident in the observations of atmospheric CO2 made, for example, at Mauna Loa, Hawaii.   

8. What is the relationship between the increase of CO2 and the depletion of oxygen in the atmosphere?

The increase of CO2 in the past 200 years is due to the combustion of fossil fuels.  Fossil fuels are old (millions years old) undecomposed organic matter that has undergone transformation at high temperature and high pressure.  Combustion requires oxygen.  Thus the combustion of fossil fuels add CO2 to but remove O2 from the atmosphere.  Because O2 is very abundant in the atmosphere (O2:  21%, CO2:  0.03%), the decrease in atmospheric O2 is insignificant and not detrimental to life.  

9. What is the difference between climate feedback and climate response?

Climate feedbacks are processes that magnify and diminish a climate forcing.  For example, with the increase of atmospheric CO2 (climate forcing), there will be an initial warming because of the greenhouse effect.  This in turn increases the amount of water vapor (positive feedback, because water vapor is a greenhouse gas) as well as the cloud cover (negative feedback, because clouds reflect sunlight).  etc.

Climate response is the final result:


response = forcing x {sum of all the +ve and -ve  feedbacks}

10. How is remote sensing used to help prevent locust swarms?

Description:  remote sensing --> greening of vegetation in arid regions

Understanding:  Green-up is related to moisture, and locusts in these arid regions breed when there is moisture

Prediction:   Locust infestation is imminent in these regions

Control:  drain the moist areas, or apply pesticide to locust larvae before the infestation.  This would prevent the locust swarms.  This is cheaper and more effective than spraying the swarming locusts.   

11. What is the purpose of false-coloring?

False colors are real colors (e.g. red, green, blue) arbitrarily assigned to radiation measured at different wavelengths so that we can visualize the information contained in the radiation spectrum.

12. What are fisheries?

Fisheries = harvesting marine ecosystems for consumption.

