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Atmospheric Water
10A Water Entering the Atmosphere
10.1 Water: A Testimony of God’s Providence
There are numerous scriptural references that point to God’s greatness and goodness.

All of the processes for water transport and transfer in the atmosphere are directly from God’s creation.

10.2 Changes of State

The predominant source of water in the atmosphere is from EVAPORATION from the oceans.

Evaporation – the transfer of fluid from liquid to vapor

Condensation – the transfer of fluid from vapor to liquid

Vaporization – the transfer of fluid from liquid to vapor due to boiling

Note the difference between EVAPORATION and VAPORIZATION
FREEZE – the transfer of fluid from liquid to solid

MELT – the transfer of fluid from solid to liquid

Sublimation – the transfer of fluid from solid to vapor or vapor to solid

Note: In all of these transfers, either energy is ADDED or REMOVED to change state.
See diagram 10-1 page 213.

Molecules of water naturally want to “stick” together because of the bond between them.

Remember that the molecules are ALWAYS moving … even when in a solid state.

When there is sufficient thermal energy, some of the water molecules when in a liquid state “escape” and transfer to the air.

When wind blows, the molecules move away from the liquid and reduce the possibility of their re-entry as liquid. This process is called evaporation.

Evaporation is aided by the movement of air (wind) across the surface of the water.

When the water molecules in the vapor state collide with other matter, they slow down. Eventually they can begin to “stick together” and form water droplets. This process is known as condensation.

In both cases, energy is transferred. 

In the case of evaporation, thermal energy is transferred from the liquid to the vapor. (The surface from which the evaporation takes place will see a lowering of temperature.)

In the case of condensation, thermal energy is transferred from the vapor to the liquid. The surrounding water vapor is warmed in the process.
10B Water in the atmosphere

10.3 Introduction

Water can exist in the atmosphere is any of the three states.

As a vapor, it is “felt” as humidity.

As a liquid or solid, it appears as clouds.
10.4 Humidity

The amount of water vapor that “can” be held in the atmosphere is related to the temperature. If the RH is 100%, it means that the air contains ALL the moisture it can at that temperature. So, for the temperature to DROP below that point, water vapor must be removed. When it is removed, it is converted to liquid or solid. The result is clouds or mist or dew or frost.

10.5 Formation of Clouds

Cloud – a mass of water droplets or ice crystals suspended in the air

When the temperature of the air mass decreases … and it was WARM and HUMID, clouds form.

Evaporation from lakes, streams and ocean due to solar warming continues to increase humidity level.

Adiabatic cooling – when no heat is transferred but cooling still takes place

The rising of a warm, humid air mass causes a drop in temperature. (Remember lapse rate?)

At the higher altitude, atmospheric pressure is lower so the gas expands. Note that once again, there was no energy exchanged to make the pressure change. As a result, the energy had to come from within the air mass. (thermal energy)

This causes the air molecules to move further apart, and the temperature drops.

What happens when the air mass temperature drops below dew point? Condensation will occur IF the right conditions are present.

Condensation nuclei – microscopic particles (e.g. salt or smoke) allow water droplets to form

When the atmospheric temperature is below 0 degrees C, the vapor sublimes directly into ice crystals.

Freezing nuclei – small particles of clay or dust must be present for ice crystals to form

Clouds of liquid water CAN exist in the troposphere at temperatures as low as -40 degrees. This is called SUPERCOOLED water.

For freezing to occur, some sort of agitation must occur.

This is particularly dangerous for aircraft as it allows for ice formation on the leading edges of the flight control surfaces.

10.6 Basic Cloud Types

Form of clouds is determined by the type of air movement present.

Horizontal movement – layers of clouds

Vertical movement – clumps, billows or “towering” clouds

Stratus – (Latin word stratum – something spread, laid down, layer) thin layers or sheets

Cumulus – (Latin word cumulus – a pile or heap) piles or billows

Cirrus – (Latin word cirrus – a fringe or curl) wispy curls

Nimbus – (Latin nimbus – bright luminous cloud) clouds that produce precipitation

10.7 Low-Level Clouds

Clouds can be classified by their vertical position in the atmosphere.

Low level clouds are up to about 2KM (6500 ft)

Prefixed by “strato”

Stratus clouds that are so low that they touch the ground are called FOG

DRIZZLE is very small water droplets of rain falling from stratus clouds

10.8 Middle-Level Clouds

Range from 2KM to 6 KM (20K ft)

AltoStratus

Prefixed by “alto”

10.9 High-Level Clouds

Range from 6KM to 12 KM (40K ft)

Contains ice-crystals

Prefixed by “CIRRO”
Frequently cause a HALO to appear around the sun or moon

10.10 Vertically Developed Clouds 

Consist of CUMULUS and CUMULONIMBUS

Range from 300 M to 10KM

Usually flat and dark gray on bottom

Rise into irregular, frequently broad column

Ice crystals at top

Thunderstorms

10C Water Leaving the Atmosphere
10.11 Introduction

God created physical laws that govern creation.

Man has studied and modeled the atmosphere giving him the ability to predict things form and amount of precipitation.

10.12 Dew and Frost

When air temperature of air mass approaches the DEW POINT, water vapor begins to condense.

Why does dew form?

If the temperature of a surface decreases to below the dew point, the then layer of air near the surface will condense and the moisture is deposited onto the surface.

Normally the wind is negligible. Moving air would tend to cause evaporation.

SO, dew forms on any surface that is at or below the dew point of the surrounding air mass.

Cold air has less capacity to hold water vapor. As a result, relative humidity tends to be much lower in winter.

When the dew point is below freezing, the water vapor can sublime into ice crystals … known as FROST.

10.13 Precipitation

Precipitation – all forms of water falling from the atmosphere.

The form of precipitation is a function of the size of the particle.

Water droplets in a cloud are generally about 0.02 mm in diameter.

The movement of air molecules is sufficient to suspend the droplets in the atmosphere.

When these droplets combine, their size can become so large that the air molecules can no longer support them. Gravity takes over … and they begin to fall to the surface of the Earth.

A fine drizzle has droplets that are approximately 0.5 mm in diameter. (Think of the size of lead in a mechanical pencil … 0.5)

Drops of rain in a heavy shower may be as large as 5 mm.

10.14 Raindrop Formation

Two distinct cases are possible:
CASE 1: Warm Clouds

In WARM clouds, water droplets form around condensation nuclei. (Remember salt and dust particles.) 
These water droplets continue to grow and the size becomes such that the pull of gravity causes the droplets to fall.

As the droplets fall, they collide with other droplets and the result is larger still droplets. This process is called COALESCENCE.

Coalescence – building of raindrops by the joining of many smaller drops

As the droplets continue to fall, the pressure builds on the underside and the droplet flattens. The shape of the droplet changes much like the top of a hamburger bun.

As the droplet continues to fall, a cavity begins to form.

The acceleration of gravity causes the velocity of the droplet to continue to increase. 

Eventually the upward force of the air causes the droplet to break apart into many smaller pieces.

The process of coalescence begins all over again.

There is a great diagram 10-8 on page 223 that displays this process.

CASE 2: Supercooled Clouds

In SUPER COOLED clouds, the water vapor is below freezing point. Ice crystals form around freezing nuclei. (Remember clay and dust particles.) 

As these ice crystals become too large to be supported by the air molecules, they begin to drop. During this process, coalescence continues.

When the lower atmosphere is warmer, the ice crystals can melt and the water falls to the earth as rain.

When the lower atmosphere is cold enough,, these ice crystals will fall as sleet or hail.

10.15 Causes of Precipitation

Cloud formation and precipitation occur in four basic ways. In each case, the vertical movement of air is required.

1) Convection – the surface of the earth is heated and the air over the surface is warmed. The warmed air rises and adiabatic cooling occurs causing clouds to form. 

2) Orographic – warm moist air moves over a mountain. In order to cross the mountain, the air must rise. During this rise, adiabatic cooling occurs and clouds are formed. Generally, by the time the air mass reaches the other side of the mountain, the absolute humidity has decreased. The water was deposited on the up-hill side of the mountain, and the down-hill side stays dry.

3) Front – the collision of two air masses with different temperatures. The colder air is denser and wedges under the warmer air mass. The warmer air mass must rise and adiabatic cooling takes place forming clouds.

4) Convergence – the collision of horizontal air currents. The air “piles-up” and has no choice but to rise. Adiabatic cooling takes place and clouds are formed.

10.16 Liquid Precipitation

Precipitation in liquid form is called rain.

Drizzle – small droplets of rain falling slowly

Freezing rain – supercooled water falls as rain, but freezes on contact with the surface on which it falls

10.17 Solid Precipitation

Snow – When the lower atmosphere is cold, ice crystals that formed in the upper atmosphere fall as snow.
Sleet – rain falls through a layer of cold air forming rounded ice pellets.

Hail – large ice pellets. Originate as large raindrops in cumulonimbus. Strong convection currents lift the raindrops to higher elevations where the raindrops freeze. At some point, the weight of the ice causes it to drop. Updrafts can continue for several cycles causing the ice pellets to continue to grow. Hail can cause significant damage to crops and life.
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