MET 3003
Final Exam
25APR07

Instructions

You have the rest of this period to complete this exam. It consists of PART 1 (60 questions, two points each) true/false,  short answer, and multiple choice; and PART 2 (8 of 12 questions to be answered, ten points each ) draw-and-explain, short essay, or problems.  Answer all questions in PART 1.  Answer only eight of the twelve questions in PART 2.  Below is a list of formulas and physical constants that you may need. You will need a calculator. We use SI (metric) units throughout. This exam totals 100 points.  It represents 40% of your final grade.
______________________________________________________________________ 

T K = ToC + 273.16
Absolute temperature conversion. 
1 mb = 100 (kg m s-2) m-2

Conversion of mb to Nt m-2 
23½o
Inclination of the Earth’s axis 
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Gas law for dry air where p is pressure, T is temperature, 
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is density, and Rd = 287 J K-1 kg-1 is the gas constant for dry air
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Wien Displacement Law for wavelength (µm) of peak thermal blackbody radiation.
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Stefan-Boltzman Law for total thermal blackbody radiation (W m-2), where σ = 5.67x10-8 W m-2 K-4. 
e = es(Td)
Definition of vapor pressure in terms of the vapor pressure function es and the dew point Td.

[image: image5.wmf]0.622

e

w

pe

=

-


Definition of mixing ratio where e is the H2O vapor pressure and p is the total barometric pressure.
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Relative humidity for temperature T and dew point Td, or for vapor pressure e and saturation vapor pressure es

[image: image7.wmf]11

,

pp

vu

fxfy

rr

DD

==-

DD


Geostrophic wind relation on constant height surfaces. Here, v is the northward (y direc​tion) wind, u is the eastward (x direction) wind,  f is the Coriolis parameter, and 
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 is air density, with typical value 1.2 kg m-3
_____________________________

name

PART 1.1. True/False (2 points each.  Answer all.)

1. ________. If the forecast temperature in Miami is 35oC, you are going to need a sweater.

2. ________. Intense incoming solar radiation reaches the Earth’s surface at the equator because of the sun angle is always less than or equal to 23½ o. 

3. ________. The temperature increases upward above the Stratopause because of absorption of solar UV radiation by O2 and atomic Oxygen to form Ozone.  
4. ________. Each year nearly all of the CO2 produced by humans remains in the atmosphere, so that there is now more than twice as much CO2 in the atmosphere as there was before the Industrial Revolution began more than 200 years ago. 

5. _________. Locales close to large bodies of water tend to have more extreme temperatures, that is warmer maximum temperatures and colder minimum temperatures. 
6. ________. Heterogeneous nucleation occurs when water first condenses or ice is first deposited on aerosol particles of suitable composition. 

7. ________.  Collision-coalescence is the process by which rain drops grow by seeping up cloud droplets in their paths as they fall.

8. ________.  The moist adiabatic lapse rate is always less than the dry adiabatic lapse rate.
9. _________In an average year, the Atlantic Basin, including the North Atlantic, Gulf of Mexico and Caribbean, produces 21 named storms of which 12 become hurricanes.

10. _________“Typhoon” is the term used in the Indian Ocean for tropical cyclones with hurricane-force winds. 

11. _________ “Tropical storm” is the term used to describe a persistent tropical weather system with winds weaker than 35 kt (or 40 mph) and a closed wind circulation.

12. _________Property damage due to hurricanes has increased dramatically during the 20th century because of increased coastal development. 

PART 1.2.  Short answer (2 points each, answer all)

13. The altitude at which outer space “officially” begins is _____________km. 
14. Electromagnetic radiation at a wavelength of 0.450 (m is in the __________part of the spectrum.
15. An object at 290K will radiate electromagnetic radiation at a peak wavelength of 10 (m in the  __________​​​​_______part of the spectrum.  

16. If you hold your hand 30 cm above a candle flame and feel the current of warm rising air, this is an example of heat transfer by____________.

17. If you hold one end of a piece of copper wire in a candle flame and the other end that you are holding becomes warm after a short time, this is an example of heat transfer by____________.
18. Hot pavement and sidewalks on a cloudless summer day in Miami are  results of heat transfer by_______________.
19. What is the albedo of the Earth and its atmosphere as a whole? __________. 
20. Saturation vapor pressure for water approximately ___________ for every 10oC increase in temperature. 
21. ___________ is the process by which ice forms directly from water vapor vapor when the surface temperature is below both the saturation temperature and 0oC.
22. When vapor in contact with liquid H2O reaches a state where the same number of  molecules evaporate into the vapor as condense into the liquid, it is said to be  ______________.  
23. On 4 January the Earth reaches its ___________, the point where its orbit passes closest to the Sun.

24. Sharp boundaries, generally associated with unsettled weather, that separate air masses with contrasting temperature or humidity are called ____________.
25. In ______________,  a person’s body core temperature drops below 26oC and death may occur through ventricular fibrillation. 
26. _______________is composed of liquid hydrometeors that fall from the bases of clouds but evaporate before reaching the ground. 

27. Liquid water at temperatures colder than 0oC is said to be ___________.
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28. Questions 28-30 refer to the diagram at the right. When a parcel of air rises along a dry adiabat, keeping constant mixing ratio,  until its temperature is equal to its  dewpoint, it has reached its ______________ ___________ level (2 words)

29. If the parcel continues to rise along a moist adaiabat until it becomes warmer than the air around it, it has reached its level of  _____________ _____________ (2 words). 

30. Ultimately, as the parcel continues to rise along the moist adiabat, it reaches a  level  above which it is again colder  than its surroundings. This altitude is called the ____________________level.
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The next three questions refer to the diagrams above. Identify the kind of atmospheric stability or instability described by the text and illustration. Each answer requires two words

31. In _____________  _____________ , the sounding lapse rate is less than either the dry or moist adiabatic lapse rate.

32.  In _____________  _____________, the sounding lapse rate is between the dry and moist adiabatic lapse rates.

33. In ____________  ______________, the sounding lapse rate is greater than either  the dry or moist adiabatic lapse rate.
Identify the predominant cloud type in each of these pictures (2 points each).  Any given cloud type is dominant in only one picture.
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34.______________________________
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36._____________________________

[image: image11.jpg]



38______________________________
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35.______________________________
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37.______________________________
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39____________________________

40. Ice cores from the Antarctic show that during at least the last 600,000-700,000  years ice ages have recurred about every  _____________ thousand years in step with changes of eccentricity of the Earth’s orbit. 
41. When hurricane force winds are expected within 24 hours, the National Weather Service issues a Hurricane _____________ . 
42.  On the ______________ scale, tornadoes are ranked by intensity from the weakest f0 to the strongest and most destructive f5.

43. The Atlantic Hurricane season runs from ___________through ___________ (months, one point each).

44. _______________________feedback occurs when increasing ice and snow  cover on a cooling planet reflects more sunlight  accentuating the cooling. 

45. The Atlantic Hurricane season runs from ___________through ___________ (dates, one point each). 
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46. The diagram at the right is a vertical cross section of what mesoscale phenomenon? ____________________.

Part 1.1.  Multiple Choice (2 points each, answer all)

47. A frozen hydrometeor greater than 5 mm in diameter that grew by accreting supercooled water droplets is called _________. 

a. graupel



b. snow

c. frost  



d. hail

48. Liquid water drops smaller than 0.5 mm in diameter that fall from a cloud and reach the ground are ________.

a.  rain



b. virga

c.  dew


 
d. drizzle

49. In ________ wind balance, the the Coriolis force (
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) balances the pressure-gradient force.

a.  geostrophic


b. gradient

c. cyclostrophic

d. thermal

50. Middle-latitude cyclones are examples of _________meteorological motions.

a. mesoscale


b. planetary (or global) scale

c. synoptic scale

d. convective scale

51. Land breezes, sea breezes, squall lines, and supercell thunderstorms are examples of ________ meteorological motions.

a. mesoscale


b. planetary (or global) scale

c. synoptic scale

d. convective scale

52. A negative Southern Oscillation Index, warm seawater east of the international dateline, cooler water west of the dateline, unusual rainfall in South America, and drought in Asia all are indications of_________.
a. La Niña


b. El Abuelo

c. El Mariachi  

d. El Niño
53. During the 20th century, the Earth’s average temperature warmed by approximately  ________ as a result of anthropogenic release of CO2. 

a. 0.1oC 
b. 0.5 oC
c. 1.0 oC  
d. 5 oC

54. During the 20th century, sea level has risen at a total of  _______cm, apparently as a result of this warming. 

a. 1 to 5
b. 5 to 10  
c. 10 to 15
d. more than 30 

55. For hurricanes to form, the sea surface temperature must exceed  at least _________.

a. 22 oC
b. 24 oC
c. 26 oC
d. 28 oC

56. By definition, severe weather implies_______.
a.  ¾ in (1.9 cm) hail

b. 50 kt  (25 m s-1) wind gusts

c. A tornado


d. Any or all of the above

57. The aspect of hurricane forecasting that has shown the most consistent improvement since the mid 1950s is  _________.
a. Intensity


b. Annual number of storms
c. Rainfall   


d. Track
58. A___________is an occluded frontal cyclone that moves northward offshore from  the Carolinas to New England in winter or early spring, blowing Maritime Polar air inland and often causing heavy snowfalls
a. Alberta Clipper

b. Panandle hook

c.  Cape Verde Storm

d. Nor’easter

59. Tornadoes Generally move_________

a. SW to NE

b.  N to S

c.   SW to NW                   c. NW to SE


60. The two air masses that most commonly alternate over South Florida to produce our wintertime weather are__________.

a. cP and mT


b.  cA and mT

c.   cP and mP


d.  cP and cT

Part 2. Draw-and-explain, short essay, and problems. Each is worth 10 points. Answer only eight of the twelve questions. If you answer more than eight, please indicate which eight you want to have graded.

1. At New Orleans LA, where the Latitude is 30oN, what are the sun angles at the Summer Solstice, Winter Solstice, and either Equinox?

2. Explain by a simple geometrical argument, taking into account the Earth’s average albedo, why the global  average solar heating (insolation) is about 250 W m2, even though the solar constant is 1366 W m2.
3. Below is an illustration of the radiation balance of the Earth’s surface  and atmosphere cast in terms of 100 units of solar radiation at the top of the atmosphere. Please fill in the six blanks with the appropriate values. Hint: If you know the value of the Earth’s albedo and how the heat balance works, you can calculate the missing values. 
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4. What is the density of dry air at 27oC and 1010 mb? Remember to convert mb to Nt m-2, and Celsius to Kelvin temperature.
5. [image: image19.png]


If the pressure is 1020 hPa, the temperature is 15oC, and the dewpoint is 5oC what are the following quantities? Use the table of saturation vapor pressure as a function of temperature at the right.  Show your work in the space provided.  
a. Dewpoint depression_____________(oC),
b. Vapor pressure       ______________(hPa)
c. Saturation vapor pressure  ________(hPa)
d. Saturation mixing ratio_______(gm kg-1),
e. Actual mixing ratio    ________(gm kg-1), 
f.  Relative humidity    _______________(%),
6. Decode the plotted surface station model and fill in the blanks for the indicated weather elements:
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Wind speed______________

Wind direction____________

Temperature______________

Dewpoint________________

Pressure_________________

Present weather​​​___________

Sky Cover_______________

7. Illustrate the life cycle of an air mass thunderstorm, showing the cumulus, mature, and dissipating stages.

8. Draw a horizontal depiction of hurricane structure showing the eye, eyewall, location of the strongest winds, outer spiral bands, and boundary of the central dense overcast. Indicate typical sizes (km) of the vortex as a whole, area of gale force and hurricane force winds, and size of the eye.

9. Draw a weather map depiction of a non-occluded frontal cyclone and use it to illustrate how mid-latitude frontal cyclones transport heat and momentum poleward.

10. Turin, Italy and Marcana, Croatia are 500 km apart at 45o N, where the Coriolis parameter is 10-4. At Turin, the pressure is 1010 hPa;  at Marcana  it 1004 hPa.  BE SURE TO ANWER ALL FOUR PARTS
a. What would the speed of the steady geostrophic wind blowing perpendicular to the line between Turin and Maracana be? Remember that you need to multiply by 100 to convert hPa to Pascals (kg m s‑2/m2 or kg m-1 s-2). Assume that the average density of air is constant at 1.2 kg m-3. Neglect friction.

b. Since Turin  (higher pressure) is west of Marcana (lower pressure) would that wind blow from the north or from the south?  

c. Now consider Clonagh and Balfes Creek, Australia, 500 km apart at 20o SOUTH latitude where the Coriolis is –0.5 x 10-4 s-1 , keeping the same pressure difference between the stations, what would the wind speed be?

d. Since Clonagh (higher pressure) is west of Balfes Creek,  would the wind blow from the north or south?   

11. Draw the vertical structure of the following air-mass boundaries.  Indicate motion of the frontal surface and the locations of warm and cold (and cool, if needed) air.
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In the boxes blow, draw cross sections of the indicated pressure systems, illustrating the effect of horizontal temperature contrasts on the structure of the constant-pressure surfaces.  The tropopause is shown here as a dashed horizontal line. Ignore, for now, the frequently observed reversal of horizontal temperature gradients above the tropopause, 
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Saturation vapor pressure as a function of temperature
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Saturation vapor pressure as a function of temperature
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