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Chapter 4: Clouds and Precipitation

Recognizing clouds


A cloud is a volume of air that contains water droplets that are held aloft by air currents.  These droplets form whenever water vapor condenses or sublimates on dust, smoke, salts, or other minute solids (particulates).   They remain aloft until they become so large that the surrounding air currents can no longer support them, and so they become rain, snow, or hail.  Before exploring anything else about cloud formation or precipitation, let’s look at clouds from a purely observational perspective.   


The photographs in Figure 4.1 show clouds seen from the same place in Northeast Portland, Oregon.  Looking just at the photographs you see that they differ radically in terms of shape and density.  If you were to actually see them in the field, you would also see that they are at different altitudes, are different colors, and only one produces precipitation.  The practice of identifying cloud types is an important part of weather forecasting.  Certain clouds produce precipitation, while others will only produce overcast sky, and the approach of still other types heralds fair weather.  To aid in weather forecasting, meteorologists classify clouds using three criteria; shape, altitude, and whether or not it is producing precipitation. 
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Figure 4.1 - Cirrus (a), altocumulus (b), and cumulus clouds (c), all photographed from northeast Portland, Oregon.


Based on shape, clouds fall into two major categories; vertically and horizontally developed.  Vertically developed clouds are called cumulus type clouds and tend to be tall and puffy.  Horizontally developed clouds tend to be either sheet like (stratus) or veil-like (cirrus).  Clouds such as the altocumulus (Figure 4.1b) show characteristics of two of these three basic types.  The major types of clouds based on shape are summarized in Figure 4.2.
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	Figure 4.2 - Cloud classification by shape





Based on altitude, clouds fall into three categories; low, middle, and high.  High clouds have bases that are above 7,000 meters.  These include all of the cirrus type clouds; cirrus (Ci), cirrocumulus (Cc), and cirrostratus (Cs) clouds.  At this altitude, clouds are composed largely of ice crystals and tend to be relatively translucent.  Clouds with bases between 2000 and 7000 meters are middle clouds that are given alto- as part of their name.  For instance a cumulus cloud with a base above 2 km would be called an altocumulus.  The major types of middle clouds are altocumulus and stratocumulus.  Low clouds are all those clouds with bases below 2 km.  These even include towering cumulus clouds that have tops at the tropopause (about 10 km).    Low clouds include stratus (St), stratocumulus (Sc), cumulus (Cu), nimbostratus (nS), and cumulonimbus (Cnb) clouds.  The phrase “nimbus” with the last two clouds means that they are producing precipitation.  These are the only two type capable of doing so.

Cloud formation


The types of clouds we see are a reflection of the different conditions under which they form.   The basic requirement for cloud formation is that humid air is cooled to its dew point.  However, for condensation to take place the air must contain particulates for water vapor to condense around, otherwise water droplets will not form even though the air is supersaturated (relative humidity above 100%).  The cooling required for condensation to take place can happen either by driving humid air over a cold surface or by cooling the air adiabatically.   Adiabatic cooling is where air cools as it expands.  You can experience this by holding your finger down on a spray can for several minutes.  As the gas leaves the can, the gas still in the can is expanding.  After a minute or two you notice the can getting cold.   Adiabatic cooling generally takes place whenever a parcel of air
 rises.  If the parcel is warmer than the surrounding air it will rise until it reaches a layer of air that is warmer than it is.  Clouds forming in this type of air (unstable air) tend be horizontally developed or cumulus type.  If the parcel which is cooler than its surroundings is pushed aloft, it resists rising and tends to spread out.  This type of air, called stable air, produces stratus and cirrus type clouds.  Figure 4.3 further explains cloud formation in both type of air.
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Figure 4.3 - Figure 4.3a shows cloud formation in unstable air.  The left panel shows air rising and expanding.  Notice that condensation does not occur until the parcel reaches a certain altitude (the condensation level) at which time the air has cooled to its dew point.  The right panel shows changes in the temperature of the parcel in relation to the temperature of the surround air.  Note that the rate at which the temperature of the parcel changes is different after condensation starts.   This is because as water condenses it warms the air surrounding it.  The rate at which the parcel temperature changes before condensation is called the dry adiabatic lapse rate (DALR) and the rate at which it changes after condensation is called the wet adiabatic lapse rate (WALR).  The rate at which the temperature of the air surrounding the parcel changes with altitude is called the environmental lapse rate (ELR).   Figure 4.3b shows cloud formation in stable air.

Mechanisms for cloud formation

Thermal uplift occurs when moist air rises because it is warmer than its surroundings.  Customarily this mechanism produces vertically developed clouds such as cumulus and cumulonimbus clouds.
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Figure 4.4 - Thermal uplift.  This diagram is a time-lapse of a rising parcel of air.  Step 1 shows warm air rising over a “hot spot” on the ground.  In steps 2 and 3 the parcel is rising and cooling, but at a rate less than the ELR, so it remains warmer than its surroundings.  In step 2 the parcel cooling is taking place at the DALR.  In step 3 condensation is taking place, while cooling continues at the WALR.

Forced uplift occurs when winds force moist air over the top of a mountain range (orographic wedging) or when body of warm moist air collides with a mass of cold air (Frontal wedging).    In both instances the type of cloud that forms depends on whether the air is stable or unstable.
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Figure 4.5  - Orographic wedging                            Figure 4.6  - Frontal wedging


Surface cooling occurs when humid air comes in contact with a cold surface.  Fog is generally produced this way.  This type of cooling can take place in one of three ways:

1. When humid air remains stagnant over a cooling surface.  In this instance, the ground is cooling by radiating infrared into a clear night sky.  As the ground cools, water vapor in the air condenses forming a layer of fog a few tens of meters thick.  This type of fog, called radiation fog, is common in river valleys in the clear, windless weather that sometimes follows several days of precipitation.    

2. When warm moist air is blown over a cold surface.  This type of fog (advection fog) is prevalent along coastlines, where winds drive warm, humid air over cold ocean currents or land surfaces.

3. When warm, most air is blown up a mountain slope.  Upslope fog customarily accompanies clouds forming by orographic wedging.  Which is a good example of the notion that fog is simply a cloud that is in contact with the ground.
Precipitation  


One of the final legs of the hydrologic cycle is where the water droplets or ice crystals that make up a cloud become too large to remain aloft.    The type of precipitation that they become depends largely on the type cloud they are falling from, the conditions inside the cloud, and the conditions between the cloud and the ground.  Precipitation generally falls into two categories, liquid and solid.  Liquid precipitation is classified by its size.   Drizzle consists of water droplets that are barely able to fall (about 0.5 mm in diameter).  Rain, on the other hand, is composed of drops that range in size from 0.5 to 50 mm in diameter.  The intensity and duration of a rainstorm is a result of the type of cloud producing it.  Nimbostratus clouds produce light, yet constant rainfall, while cumulonimbus clouds tend to spawn short spells of heavy rain.  Solid precipitation is a bit more varied.  Snow is ice that falls as well developed crystals; sleet is pellets of translucent or transparent ice having no discernible structure, and hail are ice pellets having a concentric or ring-like internal structure that resembles a cross section of a tree trunk.  While both nimbostratus and cumulonimbus produce snow and sleet, hail only forms in the unique conditions present in large cumulonimbus clouds.   

There are two major theories used to explain the conversion of droplets or crystals into precipitation.  The first, called collision-coalescence, states that rain forms when water drops grow by colliding and coalescing with one another within warm clouds (Figure 4.7).
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Figure 4.7 - Steps in the collision-coalescence process.   Frame 1 shows water droplets forming as water vapor condenses.  Frame 2 shows two larger droplets that have formed when smaller droplets collided.  Step 3 shows a raindrop produced by further collisions that has become to large to be supported by air currents in the cloud.

The second theory, called the Bergeron Process, states that ice crystals form when water vapor sublimates within cold clouds (Figure 4.8)
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Figure 4.8 - Steps in the Bergeron process.   Frame 1 shows minute ice crystals forming as water vapor sublimates in a cold cloud (temperature less than 0°C).  In frame 2, two larger ice crystals have formed as smaller crystals transfer their mass to larger crystals.  Finally, in frame 3, two fully developed snowflakes are beginning their descent. 
In-class exercise 4.1


In this exercise we will use a computer simulation of precipitation falling to earth to determine how the air temperatures between a cloud and the ground determine what type of precipitation actually reaches the ground.  This simulation will be presented to the entire class in lecture.  Your task will be to label and complete the following diagrams, based on the results of this simulation.
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Figure 4.9


	Case 1:  Type of precipitation                                                                                                     

Temperatures inside the cloud and from the cloud to the ground.  Mark this on the graph adjacent to the cloud diagram.

Process taking place inside the cloud   

Case 2:  Type of precipitation                                                                                                     

Temperatures inside the cloud and from the cloud to the ground.  Mark this on the graph adjacent to the cloud diagram.

Process taking place inside the cloud  

Case 3:  Type of precipitation                                                                                                     

Temperatures inside the cloud and from the cloud to the ground.  Mark this on the graph adjacent to the cloud diagram.

Process taking place inside the cloud 

Case 4:  Type of precipitation                                                                                                     

Temperatures inside the cloud and from the cloud to the ground.  Mark this on the graph adjacent to the cloud diagram.

Process taking place inside the cloud 

Case 5:  Type of precipitation                                                                                                     

Temperatures inside the cloud and from the cloud to the ground.  Mark this on the graph adjacent to the cloud diagram.

Process taking place inside the cloud 




Lab: Clouds and Precipitation 
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Objectives

• To identify and describe ten different clouds.

• To estimate the % cloud cover (%CC) of a sample sky.

• To apply the skills described in the last two objectives to recording the current weather.
Write-up


Your write-up for this lab should include the containing the following:

1) Sketches of clouds, their identification, and description of their stability for part 1.

2) Tables and calculations for %CC estimates for the sample sky described in part 2.

3) A copy of your team weather report for the day of the lab. 

4) Your responses to the follow-up questions found in this handout.  

Method
Part 1:  Identifying cloud types 

Materials:


Drawing paper, colored pencils, and the computer program “Cloud lab”

Procedure:
· Start the “Cloud Lab” computer program.  Instructions for how to use it are contained in the program.

· Begin with the first cloud and draw a sketch of its cross section.

· Label the top and condensation level of the cloud.

· Draw arrows on the cross section indicating the movement of air within the cloud.  

· Identify the cloud and determine if it is stable, unstable, or conditionally stable.

· Repeat steps 2 through 5 for the other nine clouds in the program.

Follow-up Questions:

1) Which of the clouds you just described would be high, middle, or low clouds?  Which are clouds having vertical development?

2) Which of the clouds are capable of producing some type of precipitation?  What type would they produce?

Part 2:  Estimating % Cloud Cover  (%CC)

Materials:


Graph paper, pencil, calculator, the computer program “Cloud lab”, and a cloud viewer.
Procedure:


In this part of the lab you will use two different strategies for estimating % CC at specific time and place .  The first strategy involves estimating the %CC of the whole sky.  The second strategy involves estimating the % CC of a portion of the sky that seems to be representative of the entire sky.  You will practice both strategies using a computer simulation of a passing storm seen from a weather station.   Then in part 3 you will actually go outside to determine cloud type and %CC as part of your team weather report.  The workings of the simulation and the cloud viewer you will use in part 3 will be explained in lecture.

Strategy 1 - Whole sky method
· Lay the estimation grid on top of the drawing labeled “sample sky”.  

· Beginning with section, estimate the amount of each section that is covered with clouds.  Record this data in table form.

· Calculate the average %CC of all the sections.

Strategy 2 - Representative sample method

· Choose a block of 10 sections at random.

· Estimate the %CC of each section.  Record this data in table form, and calculate the %CC for all ten sections.

· Choose another 10 sections and repeat the previous two steps.  Record your estimates and calculations in table form.

Follow-up questions: 

1) How did %CC average of the two methods compare to one another?

2) Which of the two methods is the most accurate?  Why?

3) Give that clouds are constantly moving and changing shape, which of the two methods would you use and why?

Part 3:  Observation team weather report

Materials:

Psychrometer, Cloud viewer, field notebook, pencil, calculator, and Tables 1 and 2 from chapter 3.

Procedure:
· Get together with your observation team in order to go out to your station site and record the weather conditions that you can observe.  Make a data sheet to record you observations and make the location of your station on figure 4.10.  

· Compile a team report which includes the following:

· General observations about the weather

· Temperature*

· %RH  (Relative humidity)*

· Dew point temperature*

· % Sky cover

· Description of cloud type and layers

* These should be averages of every team member’s data.  Each team member should calculate these averages in order to make sure that the team’s averages are reliable.  


ST - Science technology

	
	


Follow-up questions:

1) How did the %CC and cloud types observed during the previous day compare to the observations taken during the day of the lab? 

2) What relationship did you observe between cloud conditions (%CC and cloud type) and any of the other weather elements observed on the day of the lab and the previous day?

� Parcel of air - A volume of air that is somehow different (colder, warmer, more humid, etc.) from the air surrounding it.
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