Ehrlich Exam 2 Distribution: 

The average score was 71.0, and they ranged from 50 to 88.  Here are the number of scores in the indicated ranges 

90-100 (0)

80-89 (7)

70-79 (5)

60-69 (6)

50-59 (3)  

In case you want to see how your average grade on all four exams so far compares with your classmates, here are the averages to the nearest percentage point from highest to lowest:

91, 88, 85, 83, 82, 82 81, 80, 79, 79, 77, 77, 76, 75, 75, 74, 70, 70, 64, 63, 60

In what follows below the correct answers to exam 2 are shown in bold.
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Please circle each correct multiple choice answer which counts two points each..  Be sure to pay careful attention to boldface underlined words in questions!!!
1. Suppose that an animal bone were found whose ratio of carbon-14 to carbon-13 was 1/16 that found in the atmosphere.  From that observation it could be concluded that the animal lived _______ years ago.  (Hint: the half-life of carbon-14 is 5730 years.)

(a) 5730 yrs
(b) 11,460 yrs
(c) 17,190 yrs
(d) 22,920 yrs
(e) none of the preceding
2. Which of the following bodily processes is an example of positive feedback?

(a) blood clotting to prevent bleeding in case of an injury

(b) sweating to keep you cool

(c) manufacture of antibodies to kill an invading organism

(d) all the preceding
(e) none of the preceding
3. In the context of global warming, positive feedbacks tend to:

(a) warm the planet

(b) amplify whatever climate change is occurring

(c) produce beneficial changes
(d) all the preceding
(e) none of the preceding
4. In the context of global warming, which of the following is a source of positive feedback?

(a) melting of glaciers
(b) CO2 plant fertilization

(c) low altitude clouds
(d) all the preceding

(e) none of the preceding
5. Which of the following is not an important source of uncertainty in the amount of global warming in the coming century?

(a)  the relative importance of positive and negative feedbacks

(b) the future reliance on fossil fuels
(c) future economic growth
(d) all are important
(e) none are important

6. Aerosols consist of _______, and their direct effect on climate is to _______ the planet.

(a) rare gases, warm

(b) rare gases, cool

(c) small particles, warm
 

(d) small particles, cool

(e) none of the preceding
7. What manmade greenhouse gas is responsible for the ozone depletion problem?

(a) nitrous oxide

(b) methane
(c) CFC’s
(d)  ozone
(e) none of the preceding
8. The location of the ozone “hole” is over the _________.  The main harm to humans caused by ozone depletion is a modest rise in __________

(a) north pole, skin cancer,

(b) north pole, heart disease
(c) south pole, skin cancer,

(d) south pole, heart disease
(e) none of the preceding

9. A treaty to curtail production of ozone-destroying chemicals was the____________
(a) Kyoto Treaty 
(b) Montreal Protocol
(c) Geneva Convention
(d) none of the preceding
10. The main indirect effect of aerosols on climate change is to _________, and the magnitude of its radiative forcing is _________.

(a) form clouds,  very uncertain

(b) deplete ozone, very uncertain

(c) form clouds,  fairly well known
(d) deplete ozone, fairly well known

(e) none of the preceding
11. Consider the following abbreviations: RF = radiative forcing, ES = emissions scenario, GH = greenhouse gas concentrations in atmosphere, and CC = predicted future climate change.  When making projections about the future climate, which of the following is a logically correct sequence?
(a) ES ( RF ( GH ( CC
(b) ES ( GH ( RF ( CC

(c)  RF ( ES ( GH ( CC
(d) GH ( ES ( RF ( CC
(e) none of the preceding
12. Which of the following is not a source of systematic error in making measurements of the Earth’s surface temperature?
(a) the urban heat island effect


(b) the different methods used to measure temperature over time

(c) the uneven distribution of weather stations over the globe

(d) all the preceding are sources of systematic error
(e) none of the preceding are sources
13. The rise in Earth’s surface temperature over the last century is about ____, and has occurred ____

(a) 0.6 C, steadily
(b) 2.0 C, steadily
(c) 0.6 C, in two eras
(d) 2.0 C, in two eras
14. Which of the following climate changes seen during the last 20 years supports the notion that the increase in global surface temperatures has been to a significant degree due to the greenhouse effect rather than a natural variation?

(a) less day/night temperature variation

(b) less summer/winter temperature variation

(c) heating of the stratosphere


(d) a and b

(e) a and c
 15. Which of the following is the most likely cause of the temperature changes seen over the last 1000 years?
(a) changes in greenhouse gas concentrations
(b) changes in solar output

(c) volcanoes




(d) atmospheric coupling with the oceans
(e) none of the above

16. We can learn if ancient global temperature were higher than the present if we find that trapped air bubbles in an ice core at a certain depth have a ______ ratio of  the______ isotopes

(a) elevated, C-14 and C-12
(b) reduced, C-14 and C-12

(c) elevated, O-18 and O-16
(d) reduced, O-18 and O-16
(e) none of the preceding
17. The most logical conclusion from the high correlation found between changes in ancient temperatures and concentrations of atmospheric greenhouse gases is that:

(a) the greenhouse effect caused those observed temperature fluctuations

(b) dissolved greenhouse gases were released in greater amounts when the globe heated up

(c) both changes were caused by varying solar output or varying orbital parameters of the Earth

(d) some combination of all the above may have occurred
18. Ice ages appear to occur at irregular intervals of roughly ______ thousand years, and the last one ended roughly _____ thousand years ago.

(a) 100, 20
(b) 100, 100 
(c) 20, 10
(d) 100, 10
(e) none of the preceding
19. According to the Milankovitch theory, the main cause of ice ages is

(a) lower levels of greenhouse gases

(b) decreased solar output

(c) atmospheric-ocean interactions

(d) changing parameters of the Earth’s orbit

(e) none of the above

20. A large and rapid change in the global temperature known as the ________ event appears to have occurred roughly _______ thousand years ago

(a) Younger Dryas, ten

(b) Younger Dryas, twenty
(c) Paleotropical, ten

(d) Paleotropical, twenty

(e) none of the preceding
21. The cause of the large and rapid change in global temperature mentioned in the previous question was most likely:

(a) a disruption in the deep salty current (the oceanic “conveyor belt”)

(b) break-up of the Greenland and Canadian ice sheets

(c) release of greenhouse gases

(d) either (a) or (b)

(e) either (a) or (c)

22. Mathematical models used to predict future climate tend to give more accurate results the smaller the ________ that they use

(a) number of variables 

(b) number of physics equations


(c) size of the grid cells

(d) number of feedbacks

(e) none of the preceding
23. The future behavior of a chaotic system:
(a) may be predictable for the short term, but is not at all predictable for the long term

(b) is unpredictable for any length of time

(c) may or may not be predictable for the long term

(d) is only predictable when its parameters have initial values
24.  An example of a chaotic system would be ____, and that of a non-chaotic system would be ____

(a) turbulent liquid flow, planetary motion

(b) projectile motion, planetary motion
(c) planetary motion, turbulent liquid flow

(d) all the preceding
(e) none of the preceding
25. The _____ of water is the amount of energy ____  by water vapor when it condenses into liquid water.



(a) heat capacity, released
(b) heat capacity, absorbed

(c) latent heat , released

(d) latent heat, absorbed

(e) none of the preceding
26. The fraction of sunlight reflected by the Earth’s surface is known as its _______, and this represents a source of _______ feedback in climate models.

(a) luminescence, positive
(b) luminescence, negative

(c) albedo, positive

(d) albedo, negative

(e) none of the preceding
27. Which of the following is not a reason why clouds are difficult to deal with in climate models?
(a) they can cause either positive or negative feedback

(b) the size of clouds is much smaller than the feasible grid cell sizes used in models
(c) it is unclear exactly when clouds form for a given humidity level

(d) the basic physics of cloud formation is not understood

(e) none of the above

28. Climate models can not be validated by running them and comparing their output with _______
(a) regional and seasonal variations in the current climate
(b) changes over time in ancient climates

(c) theoretical calculations

(d) natural climate perturbations, such as caused by volcanic eruptions

(e) none of the above

29. The calculations from climate models agree fairly well with the global temperature record for the last century when they include the effects of:

(a) greenhouse gas emissions
(b) sulphate aerosols
(c) natural variations

(d) all the above


(e) only (a) and (c)

30. According to the IPCC report discussed in the book, the projected global temperature rise by 2100 will be something in the range:

(a) 1.5 to 6.0 C

(b) 1.5 to 4.5 C

(c) 2.5 to 6.0 C

(d) 2.5 to 4.5 C


31. Which of the following is not a reason why the projected temperature rise by 2100 in the most recent IPCC report is somewhat larger than the values given in the book?  The new report has used:
(a) better models


(b) some more pessimistic emissions scenarios

(c) higher sulphate emissions
(d) all the preceding
(e) none of the preceding

32. How is the frequency and severity of storms, droughts and floods likely to change in a world warmed by the greenhouse effect?

(a) there likely would be a significant increase in their frequency and severity

(b) there likely would be a significant decrease in their frequency and severity

(c) there likely would be a significant increase in their frequency and a decrease in their severity

(d) there likely would be a significant decrease in their frequency and an increase in their severity

(e) it is rather unclear what the worldwide effects would be on their frequency or severity

33. Which of the following statements about the effects of the oceans on the global climate is false?

(a) the water vapor from the oceans releases heat into the atmosphere when it forms clouds

(b) the oceans carry heat from the equatorial regions toward the poles due to surface currents
(c) the oceans increase any climate variations due to the low heat capacity of water

(d) all the above

(e) none of the above

34.  Which of the following demonstrated in class is an example of a system that is chaotic under certain choices of initial conditions, but non-chaotic under others?

(a) simple pendulum


(b) double pendulum

(c) droplets leaving an eye dropper
(d) mass on a spring


35. The IPCC is

(a) an American-based lobbying group to promote greater awareness of global warming

(b) an international coalition of government agencies to study global warming

(c) a collection of climate scientists from many nations formed to study global warming
(d) an American-based group of scientists formed to study global warming

(e) a terrorist group trying to destroy the world through global warming

----- just kidding!!!
This ten part short essay question is worth 30 points – three points for each part.  
A) What exactly is a mathematical model?  
The description of a system with mathematical equations that is used to predict its behavior under various assumptions – less fundamental than a complete theory of a system

B) When is it appropriate to use a mathematical model, and when not?  
Appropriate when enough about the system is known to be able to make an analogy with some other system that is well-understood, e.g., the solar system model of the atom, and when a complete theory of the system is lacking.  In appropriate if either condition is not true.
C) What are the five specific ingredients of a model used to forecast the weather or climate?  
Grid cells, physics equations, variables (parameters), initial conditions, and numerical integration
(Also accepted: land, ocean, atmosphere, ice and biosphere & similar variations)
D) Why is humidity a particularly important variable in weather or climate models? 

Humidity is important for 3 reasons: a) water vapor is a major greenhouse gas, and a source of positive feedback, b) water vapor forms clouds (and creates precipitation), and c) water vapor releases “latent” heat when it condenses into liquid water.  (Finally, the humidity also affects how warm it feels to us by influencing the evaporation of water from our skin.) 
E) Why is it important to use as many grid cells as possible in a weather or climate model?  
The more grid cells used, the finer the resolution of the data, which allows for more variation from place to place.  In particular, if the grid cells are too large we cannot adequately model the actual details of the Earth’s surface topography and geography and the contours of realistic size clouds.
F) What does it mean to perform a “numerical integration” of a weather or climate model? 
A numerical integration allows you to start with a set of initial conditions of all the variables (temperature, pressure, etc) defined for each and every grid cell, and then use the physics equations to advance step by step into the future, for as far as you wish to go – each time step finding updated values of the variables.
G) How does the accuracy of weather models depend on the length of time over which the forecast is made?  (Be reasonably specific.)
The further into the future you try to make a forecast the less accurate the predictions.  Currently, forecasts as far as about two to three weeks into the future are so inaccurate that they are virtually worthless, or are equivalent to making random predictions.

H) What limits the ultimate forecasting accuracy that is achievable in weather models?  
Weather is a chaotic system, so that even with perfect models, the tiniest variation in the initial conditions (e.g., whether or not a butterfly flapped its wings in Brazil) will affect the outcome in the future sooner or later.  It appears that because of chaos it is not possible to forecast the weather beyond 20-30 days out.
I) Is it possible to predict reliably future long range climates, and yet not be possible to predict long range weather?  Explain.
Yes, while weather is a chaotic system, climate (which can be thought of as the average weather for some location) is believed not to be.  Thus, for predicting future climate, small changes in the initial conditions shouldn’t really matter.
J) How well have climate models been validated?
Climate models have done reasonably well in duplicating a) the global temperature changes over the last century, b) global variations in ancient climates, and c) variations in climate seen following such perturbations as an El Nino or a volcanic eruption.  They do less well in making regional rather than global predictions.
