Chapter 7, Review Questions

________________________________________________________________________

1. What conditions are required for a cloud to form in the atmosphere?
a. For clouds to form, water vapor needs to ascend as a result of evaporation or deposition.  Once the air ascends, it cools and expands leading to condensation.  Nuclei, solid and liquid particles suspended in the atmosphere, are needed in order to form cloud droplets, which when large enough form a cloud.
2. What role is played by cloud condensation nuclei (CCN) in the formation of a cloud?  Also, identify some of the natural sources of CCN.

a. Cloud condensation nuclei promote condensation of water vapor at temperatures above and below the freezing point of water.  CCN allow cloud droplets to grow and condense as condensation continues.  Natural sources of CCN include ocean spray, volcanic eruptions, and forest fires.
3. What is the significance of hygroscopic nuclei in cloud formation?

a. Hygroscopic nuclei are small particles that have a special chemical affinity (attraction) for water vapor.  In the atmosphere, they promote condensation and cloud formation at values of relative humidity under 100%.

4. Describe the general relationship among the altitude, temperature, and composition of stratiform clouds.

a. High stratiform clouds are composed mostly of ice crystals, and have bases at altitudes above 5000 m.  Temperatures in high clouds are typically below -25 °C.  Middle stratiform clouds have bases that range from 2000 to 5000 m and can be composed of ice crystals, water droplets, or a combination of the two.  Temperatures in middle clouds range between 0 °C and -25 °C.  Low clouds have bases ranging from the Earth’s surface to around 2000 m, and are composed mostly water droplets.  Low clouds have temperatures above -5 °C.  
5. Explain how lee-wave clouds form downwind from a mountain range.

a. Mountain ranges deflect horizontal winds into a wave like pattern that persists downwind of the summit.  When the air is sufficiently humid and ascends within a wave, expansional cooling and condensation occur and clouds form. 
6. Present the unique features of a noctilucent cloud.

a. Noctilucent clouds form in the upper mesosphere at an altitude above 80 km.  They are very rare and only seen at high latitudes in the summer.  Composed of tiny water-ice crystals formed on meteoric dust particles, these clouds are very thin and only appear at night.  

7. Distinguish between atmospheric conditions responsible for development of radiation fog versus conditions that favor dew.

a. Both dew and radiation fog form when radiational cooling causes the air near the ground to near saturation.  If conditions are calm, dew will form.  Light winds favor the development of radiational fog.  
8. Describe the process that is key to formation of warm-cloud precipitation.

a. The collision-coalescence process causes precipitation to form in a warm cloud.  This process takes place in clouds made up of cloud droplets of different sizes.  Larger droplets, having a higher terminal velocity than smaller droplets, collide and coalesce with smaller droplets in their path.  The droplets continue to grow, eventually falling to the Earth as precipitation.
9. What is the role of supercooled water droplets in the formation of cold-cloud precipitation?

a. In a cold-cloud, the mechanism in which precipitation is formed is called the Bergeron-Findeisen process, or ice-crystal process.  In this process, ice crystals grow at the expense of supercooled water droplets in response to differences in vapor pressure of the water and ice surfaces.  These ice crystals continue to grow by colliding and agglomerating with other ice crystals and supercooled water droplets.  Once large enough, the crystals fall to the Earth’s surface as snowflakes or melt into raindrops.
10. Distinguish between freezing rain and sleet (ice pellets).

a. Sleet (or ice pellets) is translucent particles of ice that are 5 mm or less in diameter.  Sleet forms when snowflakes partially or completely melt as they fall through the atmosphere then refreeze in a thick layer of subfreezing air above the surface before hitting the ground.  Freezing rain consists of raindrops that have become supercooled and partially freeze when coming into contact with the surface at subfreezing temperatures.  Freezing rain develops in a similar way to sleet, except the layer of subfreezing air above the surface is shallower.  Ice pellets bounce when striking the ground, whereas freezing rain does not.  Ice pellets can accumulate on surfaces with temperatures above 0 °C, but the ground must be below freezing for freezing rain to occur.
Chapter 7, Critical Thinking Questions

________________________________________________________________________

1. How is it possible for cloud droplets to become supercooled?
a. Cloud droplets are described as “supercooled” if their temperature is below the usual freezing point of water (0 °C) and yet the droplets remain liquid.  For cloud droplets to become supercooled, no foreign particles that can act as ice-forming nuclei are present.  
2. Explain why rain is normally slightly acidic in a non-polluted atmosphere.  Define acid rain.

a. Rain is normally slightly acidic because it dissolves some atmospheric carbon dioxide, producing weak carbonic acid.  Acid rain is rain that is more acidic than normal, with a pH lower than 5.6.

3. How does weather radar operating in the reflectivity mode locate and plot the motion of areas of precipitation?

a. In reflectivity mode, weather radars emit short pulses of microwave energy.  These radar signals are reflected by precipitation-size particles (such as rain, snow or hail) back to a receiving unit where the information is electronically processed and displayed on a computer as a radar echo.
4. What is the value of weather radar operating in the Doppler mode in forecasting severe thunderstorms including those that may spawn tornadoes?

a. Doppler mode allows the forecaster to determine horizontal air motions within a weather system by monitoring motion of precipitation particles moving directly toward or away from the radar antenna.  This makes it possible for a forecaster to see rotation within a storm, providing potential areas for severe thunderstorm or tornado development.
5. What is the significance of the Schaefer point?

a. The Schaefer point is the threshold temperature at which a cloud droplet can cool without freezing (-39 °C).  Any additional cooling would lead to homogeneous nucleation.
6. Identify the various atmospheric conditions that influence the height of the base of a cumuliform cloud.  What controls the altitude to which a cumulonimbus cloud builds in the atmosphere?

a. The convective condensation level (CCL) is the point in the atmosphere at which an air parcel becomes saturated and condensation begins to occur through convection.  This level coincides with the altitude of a cumuliform cloud’s base.  The height that a cumulonimbus cloud reaches depends on the stability of the troposphere.  If the air aloft is stable, vertical growth is inhibited.  Unstable air promotes vertical motion, and clouds will grow upward.
7. Explain why cumuliform clouds are relatively rare over cold-water surfaces and snow-covered surfaces.

a. Cumuliform clouds rarely occur over cold-water and snow-covered surfaces because cold temperatures inhibit convection.

8. In hilly terrain, radiation fog is most common in low areas such as marshes and river valleys.  Please explain why.

a. Radiational cooling causes air near the surface to cool.  In hilly terrain, the cool air moves downslope into low lying areas.  This phenomenon is known as cold air drainage.  Fog will form in these low lying areas, while the hilltops will often remain clear.
9. At the same sub-freezing temperature, the saturation vapor pressure surrounding a supercooled water droplet is greater than the saturation vapor pressure surrounding an ice crystal.  Why the difference and why is this important?

a. Water molecules are more active (greater kinetic energy) and more readily escape from a liquid water surface than from an ice surface.  Hence, the saturation vapor pressure is higher in the air surrounding a supercooled water droplet than an ice crystal at the same temperature.  This is important because the differences in vapor pressures cause the water molecules to diffuse toward the ice and ice crystals begin to grow.

10. What are the advantages of the new phased array weather radar over conventional Doppler weather radar?

a. Phased array radar uses multiple radar beams that are sent out simultaneously, scanning the atmosphere much faster and providing a more detailed image than conventional Doppler weather radar.  This allows forecasters to have a faster, more detailed picture of a storm, which could double lead times for severe weather warnings.

