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                                                                                                       FOR/GEOG/EVST 295 Spring 2009

Name: _____________________________________________________          FIRST Exam 
Answer each question concisely but completely, answering all parts of the question for full credit. Each question is worth 10 points. 

1) What is the difference between weather and climate? What components of the Earth System are most important for climate? 

Weather is the short-term daily to monthly changes in meteorological conditions.  Climate is the long-term average of the meteorology (e.g., 30-year average used by the U.S. Weather Service, 50yr or longer for climate studies).

The components of the Earth System most important for climate are the oceans because 90% of the earth’s heat is stored in the oceans.
2) What have been the most serious negative human health impacts from climate change so far? Describe a situation under which climate change could have a positive impact on human health.
Heatwaves in Europe

Hurricanes increasing, flooding increasing

Drought impacts on food production

Increasing malaria and other infectious diseases

Air pollution from wildfires

The two positive impacts discussed in class are:

Reductions in cold-related deaths

Unsuitable habitat for disease vectors in some areas.

3)  Explain why understanding forest responses to climate change is so critical to predicting future terrestrial carbon storage and atmospheric CO2 concentrations. Focus on how tree CO2 uptake and losses respond to higher temperatures. 
Forests store large amounts of carbon in their biomass (~40% of total global biomass C) and in their soils (~30% of global soil C). Currently, climate favors high forest production in the tropics.

However, higher temperatures may drive increases in plant respiration rates that outpace increases in plant photosynthesis.  Increases in temperature have been implicated in increased tree mortality.  Higher tree mortality rates in would thus diminish the ability of tropical forests to remove (and store) carbon from the atmosphere.

Simultaneously, increases in temperature may promote more rapid losses of carbon from tropical soils and melting permafrost, as soil respiration rates tend to increase exponentially with temperature.  Increased soil carbon losses - combined with a lower capacity to remove and store CO2 in biomass - could result in a large loss of carbon from forests to the atmosphere.

4) How has climate (precipitation and temperature) changed in Montana since 1950? What do the GCMs project for the climate of Montana in 2050?
Annual air temperatures have increased 1-2deg F across Montana since 1950 with March increasing 5-7degF. Precipitation is more mixed (some places have more; some less). There is definitely a decrease in the amount of precipitation falling as snow and earlier spring snowmelt by 1-2 weeks. Frost free growing seasons are 1-2 weeks longer
5) Explain the Greenhouse Effect. What role do greenhouse gases play in the Greenhouse Effect? List three of the major greenhouse gases. 

Greenhouse gases in the atmosphere behave much like the glass panes in a greenhouse. Sunlight enters the Earth's atmosphere, passing through the blanket of greenhouse gases. As it reaches the Earth's surface, land, water, and biosphere absorb the sunlight’s energy. Once absorbed, this energy is sent back into the atmosphere. Some of the energy passes back into space, but much of it remains trapped in the atmosphere by the greenhouse gases, causing our world to heat up. Greenhouse gases absorb the long-wave radiation from the Earth’s surface, warming the atmosphere. An increase in the number of greenhouse gas molecules provides an increase in the absorption in the atmosphere.

Major greenhouse gases: water vapor, CO2, methane (CH4), nitrous oxides, CFCs, carbon monoxide (indirect), and nitrogen oxides (indirect)
6) What happens to solar energy when it hits the land surface? What physical attributes of the land surface determine how incoming solar energy is partitioned?
The shortwave energy is absorbed or reflected

The albedo determines how much shortwave energy is reflected

The surface wetness determines the partitioning of the absorbed energy between surface heating and evaporation 

7) Describe three ecological impacts that current climate trends have had on Montana’s natural ecosystems.

Impacts:

Wildfires (season 78 days longer since 1986,  4X increase in large wildfires) 

Decreasing streamflows; earlier peak flows, August low-flows impair aquatic ecosystems
More successful beetle infestations (pest epidemics)

Loss of whitebark pine (edge of range, less able to compete)
8) What global atmospheric CO2 range and temperature range do the GCMs project for 2100? How do “scenarios” influence these projections?
The total ranges from1.5(C to 6.5(C, with the likely range from 1.5(C to 4.0(C. 
Atmospheric CO2 in 2100 may range from 350ppm to as high as 800ppm
Scenarios are developed to describe a suite of conditions that might exist in the future, but they do not “predict” the future. The scenarios include reliance on fossil fuels vs. move to alternative technologies, population projections, economic development  and politics (e.g., more or less international cooperation; local vs. global solutions). Models were then used to incorporate these conditions into a range of estimates for CO2 emissions through 2100.
9) What are the most significant current and projected impacts of climate change on the oceans?
Increases in ocean surface temperatures around the world
Sea-level rise
Ocean acidification is becoming more severe
Bleaching of coral reefs (temperature and acidification)
Increases in hurricane intensity

Loss of Arctic sea ice
10) What are “proxy records”? List three types of "proxy records" used in paleoclimatology, and describe the kind of information that can be inferred about the climate from that record.

Proxy records are used when one record “stands in place of another”. In other words, we use proxy data as a measure of temperature and/or precipitation through history when instrument records were not available.

Types: geological, biological (pollen, fossils, tree rings, bog sediment cores), cryological (ice cores), historical (diaries, paintings, etc.), instrument records.
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