Homework—-Module 4 Name: _

Evolution of

1) We learned in Module #3 that adiabatic compression always iy
works to warm sinking air. Yet the thunderstorm downdraft
beneath the base of the cloud is usually much colder than the
air surrounding it. Explain the apparent paradox using
concepts in Chapter 10 and earlier chapters. There is a 600-
character limit.
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Schematic of the cool downdraft in a severe thunderstorm.
Figure Credit: Encyclopedia Brittanica, Inc.

2) Explain why the surface (skin-layer) water temperatures are so much cooler after the passage of an
intense hurricane. It turns out that most of the cooling is not due to sensible heat transport and
evaporation of sea water, processes that account for a smaller portion of the net cooling. Consider what
strong hurricane winds would do to the surface water and water a few tens of meters below the surface.
You may want to revisit material in Chapter 3 on how wind affects the formation of the nighttime
surface inversion and unassigned material in Chapter 7 on how ocean temperatures vary with depth.
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™ Satellite estimates of the change in surface water

temperature in the wake of Hurricane Katrina, four
days after its passage. Surface cooling of up to 4°C
occurred in regions where Katrina passed. In fact,
the circulation of Katrina was so intense that it
cooled most of the Gulf of Mexico!
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3) You are on the beach of Miami, Florida, facing due east.
Hurricane Esteban is moving due west toward you. The storm is
expected to make landfall with a forward speed of 30 mph. (See
figure to the right.) Which one of the two scenarios, a) or b),
would you expect to bring faster winds and a higher storm surge
at your location? Explain.

Esteban making landfall as a minimal Category 1 hurricane = g g

(74 mph) just to your south. e N ©
b) Esteban making landfall as a minimal Category 3 hurricane <

(111 mph) just to your north.

Hint: Refer to Fig. 11.16 of the text and the Saffir-Simpson Hurricane Wind Scale (Table 11.2 of the
text). The categories are based on a hurricane’s maximum sustained wind speed. The fastest winds are
located on the hurricane’s forward flank, which is where the rotation winds point in the same direction
that the center of the hurricane is moving. It may help to sketch a diagram, similar to Fig. 11.16 in the
text, where you show your location, the rotational speed of the vortex, and the forward speed of the
hurricane.

Total speed is obtained by adding the translation and rotational velocities. Location of max winds occurs where
translational and rotational velocities are in same direction. Min winds occur where translation and rotation velocities
are 180° out of phase. Hence, max speeds are to the north of Esteban, and min winds are to the south.

Wind speeds for a) Cat 1 Esteban to the south of MIA would be 74 mph.
Wind speeds for b) Cat 3 Esteban to the north of MIA would be 81 mph (111-30).

Conclusion: Cat 1 Esteban to the north of MIA is the minimal damage scenario ...but not by much ...7 mph!




	Question1: Thought progression:
- Raindrops begin to evaporate as they fall from the base of the cloud into unsaturated air.
- The rate of evaporative cooling (latent heat of vaporization) counteracts the rate of adiatbatic warming.
- Hence, the downdraft underneath the cloud is colder than the air that surrounds it. 

Comment: the rate of evaporative cooling can be so great that the lapse rate in the descending air underneath the cloud base can approach the moist adiabatic lapse. This stands in stark contrast to the ascending unsaturated air underneath the cloud base.
	Question2: Thought progression:
- Water just below the surface is cooler than at the surface before the hurricane approaches.
- The wind agitates the sea surface and creates large waves.
- Breaking waves mix the surface water with cooler waters up to 10's of meters below the surface. 
- Mixing equilibrates temperature profile by cooling surface waters and warming subsurface waters. 

Less important reasons worthy of some credit:
- Evaporation of surface water and sensible  and latent heat transport from the water to the air (important, but typically not as big as vertical mixing). Very common answer.
- There is also upwelling that brings cooler water that is underneath the low pressure center to the surface. 
- Lack of sunshine (very small).
	Question3: Total speed is obtained by adding the translation and rotational velocities. Location of max winds occurs where translational and rotational velocities are in same direction. Min winds occur where translation and rotation velocities are 180˚ out of phase. Hence, max speeds are to the north of Esteban, and min winds are to the south. 

Wind speeds for a) Cat 1 Esteban to the south of MIA would be 74 mph.
Wind speeds for b) Cat 3 Esteban to the north of MIA would be 81 mph (111-30).

Conclusion: Cat 1 Esteban to the north of MIA is the minimal damage scenario ...but not by much ...7 mph!
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