Name:_____________________________________         Section: ________        TA: Celeste / Sarah / Ken

ATM S 101 HOMEWORK 3.   Winter 2004

Due Thursday 12th in class. 

Answer in the spaces provided. Include working where appropriate, not just the numerical answers.

1.  For this question use the adiabatic chart provided on the next page. 

a) We have a parcel of air at the ground level. Its initial pressure is 1000 mb, its temperature is 10 C and its mixing ratio is 3 g/kg.  What is its relative humidity?

From the chart, find the saturation mixing ratio line for 1000mb and 10 C.  This is the 8 g / kg saturation mixing ratio line.  The parcel contains 3 g / kg at that pressure and temperature, so its relative humidity is 3 / 8 = 37.5 %.  

b) The air parcel is then lifted upwards until condensation starts to occur. What is the temperature of the parcel when condensation starts? 

Condensation begins when the parcel reaches 100 % relative humidity.  Using the chart, follow the dry adiabat line until it crosses the 3 g / kg saturation mixing ratio line.  The temperature at this point is about –6 C. 

c) What would be the pressure at the cloud base?

Cloud base occurs when the parcel starts to condense, as in part b.  The pressure at this level is about 810 mb.  

d) The parcel is further lifted up to the 660 mb pressure level. What is approximately the mixing ratio of the parcel at this point?

Above cloud base, the parcel is saturated.  The change in temperature due to further lifting will be at the moist adiabatic rate.  Using the chart, follow the moist adiabatic line to 660 mb.  The mixing ratio at this point is just over 1.5 g / kg.  

NOTE:  Some students misread the mixing ratio at this point and answered 15 g / kg.  If you had difficulty reading this number, you should have known that 15 g / kg is incorrect by thinking about the underlying physical processes.  The parcel starts with only 3 g / kg.  As it gets lifted, vapor condenses into liquid water.  Vapor is only lost, not gained by lifting.  There is no way you could add 12 g / kg vapor by lifting the parcel.  In addition, looking at the chart, you should notice that the saturation mixing ratio decreases from right to left (i.e. as temperature decreases).  

e) Now the parcel is brought back down to the surface. Consider the two extreme cases in which the water condensed in the parcel has completely rained out and that none of the water was rained out. 

I) What will the temperature be at the surface for each of these cases? Also estimate the relative humidity at the surface for each case. 

NO RAIN:
T = 10 C

Relative Humidity = 37.5%

RAIN
T = 15 C

Relative Humidity = 13.5 % - 15.5 % depending on how you interpolated the saturation mixing ratio at 15 C  (RH = 1.5 / 11 * 100 %).  

NOTE:   In the case of rain, the relative humidity is not 0 %!  Only liquid water rains out of the parcel.  Water vapor stays in the parcel.  As the parcel rises to 660 mb, 1.5 g / kg liquid vapor condenses into liquid.  Since the parcel started with 3 g / kg of water vapor, 1.5 g / kg vapor is still left in the parcel.  This vapor stays in the parcel as it is brought down to the surface.

II) Explain briefly why there would be any difference in the temperatures and relative humidity between these two cases.  

The difference is due to latent heat (not specific heat!).  When the parcel is lifted above cloud base, vapor starts to condense into liquid water.  This condensation warms the air parcel, which offsets some of the expansional cooling due to the lifting.  This is the reason why saturated air cools more slowly during lifting than unsaturated air. 

 If the parcel is brought back down without raining out any liquid, the liquid water contained in the parcel evaporates.  Evaporation cools the air parcel, and this offsets some of the compressional warming.   Relative humidity at the surface is the same as it was before the parcel was lifted and brought back down.  When no water rains out of the parcel, the process is reversible.  

 If the liquid rains out of the parcel, then there will be no evaporative cooling to offset the compressional warming.  Therefore, as the dry parcel is brought back down to the surface, it warms more than it would if it had liquid to evaporate.  The relative humidity decreases for two reasons:  there is less water vapor in the parcel and the temperature has increased.  Warmer air can hold more water vapor than colder air, and at 15C the parcel has a higher saturation mixing ratio. 

III) How do the temperature and relative humidity compare to those before the parcel left the surface in the first place? Explain briefly.

If the parcel does not lose any liquid water to rain, the temperature and relative humidity are the same before and after the parcel is lifted and then brought back down to the surface.  

If the parcel looses liquid water to rain, the parcel will be warmer and drier than it was before lifting and subsequent lowering.  

[11 points]

2.  In the following chart you are also given two temperature soundings labeled A and B, which can be thought of as the result of measurements with a radiosonde (see textbook p.11 for cool picture of one) at different locations or times. Consider the same parcel of air as in question 1, which is lifted from the surface to the 660 mb pressure level. The profiles A and B represent the environment through which the parcel is rising. 

a) Indicate whether the parcel at the 660 mb level is lighter or heavier than the environmental air for each profile. What will happen to the air parcel in each case? Explain briefly.

For a given pressure level, warm air is less dense than cold air.  So, at 660 mb, the parcel is warmer, and therefore lighter, than environment A.  The parcel is colder, and thus heavier, than environment B.  As a result, the parcel will rise freely in case A but in case B the parcel will sink back down.

b) Indicate whether each of the profiles is stable, conditionally unstable or absolutely unstable.

Both profiles lie between the dry and moist adiabatic rates, so both of them are conditionally unstable.  However, when we compare profile B to the parcel, we see that profile B is stable to motions up to the 660 mb level and only becomes unstable higher up.

c) In which environment (profile) would you expect to observe a deep convective cloud?

Since both profiles are conditionally unstable, a deep convective cloud could occur in either case.  However, it is more likely in profile A because the air becomes unstable much lower down than in profile B, allowing convection to occur over more of the atmosphere.

[6 points]

3. 

a) Explain why the stratosphere is more stable to vertical motions than the troposphere.

The temperature increases with height in the stratosphere (temperature inversion). Since the temperature of a rising parcel always decreases with height, a parcel rising through the stratosphere will always become colder and denser than the environment. Therefore, it can not rise freely and will tend to sink back. In the troposphere, temperature decreases with height so that a rising parcel MAY become lighter than the environment and continue rising freely. 

In other words, the stratosphere is absolutely stable because its lapse rate is always less than both the dry and moist adiabatic lapse rates, while the troposphere is conditionally unstable in the average.

b) The troposphere typically has warmer air near the surface than at higher altitudes. Explain why isn’t the cold air always sinking towards the surface and the warm air rising everywhere?

First of all, an air parcel may sink or rise depending on how its DENSITY compares to the one of the surrounding air. Temperature by itself is not enough. Density also depends on pressure and, in fact, the warm air near the surface is denser than the colder air aloft because the pressure is higher near the surface.

Second, the fact that density decreases with height doesn't guarantee that the air will be still. We have to consider  whether this distribution is stable or not. We would need the troposphere to be unstable everywhere to have rising and sinking EVERYWHERE.  In reality, the troposphere may be stable is some regions and unstable in others, so we have vertical motions in some regions but not others.

[5 points]

