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Chapter 1 : Adiabatic Temperature Changes - Weather and Climate
An adiabatic process is one that occurs on a system without the system transferring or receiving any heat energy from
the surroundings. An example of an adiabatic heating system would be compressing a gas inside of a perfectly,
insulated cylinder.

Intuition[ edit ] Consider a thermometer wrapped in a water-moistened cloth. The drier, less humid the air, the
faster the water will evaporate. But water can only evaporate if the air around it can absorb more water. This is
measured by comparing how much water is in the air, compared to the maximum which could be in the air the relative humidity. This is why we feel cooler in dry air. The drier the air, the more moisture it can hold
beyond what is already in it, and the easier it is for extra water to evaporate. The result is that sweat evaporates
more quickly in drier air, cooling down the skin faster. General[ edit ] The wet-bulb temperature is the lowest
temperature which may be achieved by evaporative cooling of a water-wetted or even ice-covered , ventilated
surface. For a parcel of air that is less than saturated i. The lower the relative humidity the drier the air , the
greater the gaps between each pair of these three temperatures. For air at a known pressure and dry-bulb
temperature, the thermodynamic wet-bulb temperature corresponds to unique values of the relative humidity
and the dew point temperature. It therefore may be used for the practical determination of these values. The
relationships between these values are illustrated in a psychrometric chart. Cooling of the human body through
perspiration is inhibited as the relative humidity of the surrounding air increases in summer. Other
mechanisms may be at work in winter if there is validity to the notion of a "humid" or "damp cold. Reduced
dehumidification load for ventilation air Increased efficiency of cooling towers Thermodynamic wet-bulb
temperature adiabatic saturation temperature [ edit ] The thermodynamic wet-bulb temperature is the
temperature a volume of air would have if cooled adiabatically to saturation by evaporation of water into it, all
latent heat being supplied by the volume of air. The temperature of an air sample that has passed over a large
surface of the liquid water in an insulated channel is called the thermodynamic wet-bulb temperatureâ€”the air
has become saturated by passing through a constant-pressure, ideal, adiabatic saturation chamber.
Meteorologists and others may use the term "isobaric wet-bulb temperature" to refer to the "thermodynamic
wet-bulb temperature". It is also called the "adiabatic saturation temperature", though it should be pointed out
that meteorologists also use "adiabatic saturation temperature" to mean "temperature at the saturation level", i.
The thermodynamic wet-bulb temperature is a thermodynamic property of a mixture of air and water vapour.
The value indicated by a simple wet-bulb thermometer often provides an adequate approximation of the
thermodynamic wet-bulb temperature. For an accurate wet-bulb thermometer, "the wet-bulb temperature and
the adiabatic saturation temperature are approximately equal for air-water vapor mixtures at atmospheric
temperature and pressure. This is not necessarily true at temperatures and pressures that deviate significantly
from ordinary atmospheric conditions, or for other gasâ€”vapor mixtures. Please help improve this article by
adding citations to reliable sources. Unsourced material may be challenged and removed. August Learn how
and when to remove this template message A Wet Dry Hygrometer featuring a wet-bulb thermometer A sling
psychrometer. The sock is wet with distilled water and whirled around for a minute or more before taking the
readings. Wet-bulb temperature is measured using a thermometer that has its bulb wrapped in clothâ€”called a
sockâ€”that is kept wet with distilled water via wicking action. Such an instrument is called a wet-bulb
thermometer. A widely used device for measuring wet and dry bulb temperature is a sling psychrometer,
which consists of a pair of mercury bulb thermometers, one with a wet "sock" to measure the wet-bulb
temperature and the other with the bulb exposed and dry for the dry-bulb temperature. The thermometers are
attached to a swivelling handle which allows them to be whirled around so that water evaporates from the sock
and cools the wet bulb until it reaches thermal equilibrium. An actual wet-bulb thermometer reads a
temperature that is slightly different from the thermodynamic wet-bulb temperature, but they are very close in
value. This is due to a coincidence: To understand why this is so, first consider the calculation of the
thermodynamic wet-bulb temperature. Experiment 1 In this case, a stream of unsaturated air is cooled. The
heat from cooling that air is used to evaporate some water which increases the humidity of the air. At some
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point the air becomes saturated with water vapour and has cooled to the thermodynamic wet-bulb temperature.
In this case we can write the following balance of energy per mass of dry air:
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To differentiate between these two adiabatic cooling the warming temperatures of de- FIGURE Comparison of the dry
adiabatic lapse rate and the.

Evolution of climate on earth. In contrast, the Sorokhtin et al adiabatic theory considers earth as an open,
dissipative system that can be described by non-linear equations of mathematical physics, taking into account
the formation of stable thermodynamic structures in each compartment, between compartments, and ruled by
strong negative feedbacks e. Recovery, Utilization, and Environmental Effects , excerpted below. The
adiabatic constant and the heat coefficients are estimated using actual experimental data. This adiabatic model
was verified, with a precision of 0. The model was additionally verified with a precision of 0. This statement is
based on the Arrhenius hypothesis, which was never verified Arrhenius, The proponents of this theory take
into consideration only one component of heat transfer in atmosphere, i. Accumulation of large amounts of
carbon dioxide in the atmosphere leads to the cooling, and not to warming of climate, as the proponents of
traditional anthropogenic global warming theory believe Aeschbach-Hertig, This conclusion has a simple
physical explanation: The Sorokhtin et al model was based on the observation that in the troposphere the
lower and denser layer of the atmosphere, with pressures greater than 0. The reasoning for this is that the air
masses expand and cool while rising and compress and heat while descending. The main conclusions of this
work are: As the heat transfer in the troposphere occurs mostly by convection, accumulation of CO2 in the
troposphere intensifies the convective process of heat and mass transfer, because of the intense absorption of
infrared radiation, and leads to subsequent cooling and not warming as commonly believed. The analysis
indicates that the average surface temperature of the earth is determined by the solar constant, the precession
angle of the planet, the mass pressure of the atmosphere, and the specific heat of the atmospheric mixture of
gases. If the nitrogenâ€”oxygen atmosphere of the earth would be replaced by a CO2 atmosphere with the
same pressure of 1 atm, then the average near-surface temperature would decrease by approximately 2. The
opposite will happen by analogy if the CO2 atmosphere of Venus would be replaced by a nitrogenâ€”oxygen
atmosphere at a pressure of This is explained easily by observing how the results of the derived formulas are
affected, considering that the molecular weight of CO2 is about 1. If the CO2 concentration in the atmosphere
increases from 0. Consequently the temperature at sea level will increase by about 0. In evaluating the above
consequences of the doubling of the CO2, one has to consider the dissolution of CO2 in oceanic water and
also that, together with carbon, a part of atmospheric oxygen is also transferred into carbonates.
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Adiabatic cooling reduces the temperature of rising air, and if the temperature falls below the dew point temperature,
water vapor Adiabatic cooling and warming Air is compressed by the weight of air above it.

Moist, or saturated adiabatic lapse rate, and the dry adiabatic lapse rate are the two types of lapse rates. The
dry adiabatic lapse rate is simply unsaturated. The term dry implies to parcels of air without water content. For
every hundred meters, there is one degree Celsius of cooling. The higher the altitude, the lower is the pressure.
Thus, when a parcel of air rises to meters, it will gain 2 degree Celsius of cooling. And when it descends, the
normal temperature of that parcel of air will be regained. As the air rises, it cools, and when it cools it will
definitely meet its dew point. The dry adiabatic lapse rate actual temperature is definitely higher than the dew
point. With this, condensation can take place and the clouds will be formed. Thus, clouds are formed when
there is condensation of parcel of air reaching its dew point. Saturated, or moist, adiabatic lapse rate are
parcels of air that are already moist. Thus, when it arises, it will become colder and expands. This has a
saturated lapse rate of 0. Unlike the dry adiabatic lapse rate, this parcel of air rises slowly due to the fact that it
already contains water which makes it heavy and as it rises, it loses its internal heat. This plunge in
temperature is caused by the decrease in pressure of the atmosphere as the altitude becomes high. Therefore
the parcel of air in moist adiabatic lapse rate expands as it goes higher. During expansion, the parcels of air are
working, but without involving heat loss. This type of lapse rate cools the clouds. Basically, the saturated
adiabatic lapse rate is less compared to the dry adiabatic lapse rate. This is because the cooling of the parcel of
air in the saturated adiabatic lapse rate during rising is divided into energy released upon condensation. Moist
adiabatic lapse rate varies with temperatures. This is determined by the quantity of water vapor that squeezes
or condenses. When cool parcel of air rises up, the dry air inside the clouds rises and condensation of water
vapor is less, therefore the saturated adiabatic lapse rate in this situation is larger. When more water vapor is
condensing, the saturated adiabatic lapse rate becomes lesser. If the dry adiabatic lapse rate forms the clouds,
the moist adiabatic lapse rate on the other hand is responsible for the thunderstorms, and the like. The term
adiabatic refers to the unchanging external heat. Meaning, the term implies that no heat is loss or gained. The
heat of the parcel of air is stable and does not change with the outside environment. Lapse rate refers to the
change in rates as the parcel of air rises and lowers. Therefore, the change in rates varies with the height and
not merely implies the rate change. Lapse rates imply warming and cooling of air. If you like this article or our
site. Please spread the word.
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Adiabatic processes are those in which there is no net heat transfer between a system and its surrounding environment
(e.g., the product of pressure and volume remains constant). Because it is a gas, air undergoes adiabatic heating and
cooling as it experiences atmospheric pressure changes.

Adiabatic Temperature Changes Last Updated on Tue, 13 Mar Weather and Climate When an air parcel
moves to an environment of lower pressure without heat exchange with surrounding air its volume increases.
Volume increase involves work and the consumption of energy; this reduces the heat available per unit
volume and hence the temperature. Such a temperature change, involving no subtraction or addition of heat, is
termed adiabatic. Vertical displacements of air are the major cause of adiabatic temperature changes. When an
air parcel moves vertically, the changes that take place are generally adiabatic, because air is fundamentally a
poor thermal conductor, and the air parcel tends to retain its own thermal identity, which distinguishes it from
the surrounding air. However, in some circumstances, mixing of air with its surroundings must be taken into
account. Consider the changes that occur when an air parcel rises: The rate at which temperature decreases in a
rising, expanding air parcel is called the adiabatic lapse rate. If the upward movement of air does not produce
condensation , then the energy expended by expansion will cause the temperature of the mass to fall at the
constant dry adiabatic lapse rate DALR 9. However, prolonged cooling of air invariably produces
condensation, and when this happens latent heat is liberated, counteracting the dry adiabatic temperature
decrease to a certain extent. Therefore, rising and saturated or precipitating air cools at a slower rate the
saturated adiabatic lapse rate SALR than air that is unsaturated. This is because air at higher temperatures is
able to hold more moisture and therefore on condensation releases a greater quantity of latent heat. The DALR
is reversible i. Three different lapse rates must be distinguished, two dynamic and one static. The static,
environmental lapse rate ELR is the actual temperature decrease with height on any occasion, such as an
observer ascending in a balloon would record see Chapter 2C. This is not an adiabatic rate, therefore, and may
assume any form depending on the local vertical profile of air temperature. In contrast, the dynamic adiabatic
dry and saturated lapse rates or cooling rates apply to rising parcels of air moving through their environment.
Above a heated surface, the vertical temperature gradient sometimes exceeds the dry adiabatic lapse rate i.
This is common in arid areas in summer. Over most ordinary dry surfaces, the lapse rate approaches the dry
adiabatic value at an elevation of m or so. A tephigram Figure 5. Air temperature and dew-point temperature,
determined from atmospheric soundings, are the variables that Figure S. I Adiabatic charts such as the
tephigram allow the following properties of the atmosphere to be displayed: The dry adiabats are also lines of
constant potential temperature, 6 or isentropes. Potential temperature is the temperature of an air parcel
brought dry adiabatically to a pressure of mb. Potential temperature provides an important yardstick for
airmass characteristics, since if the air is affected only by dry adiabatic processes the potential temperature
remains constant. This helps to identify different airmasses and indicates when latent heat has been released
through saturation of the airmass or when non-adiabatic temperature changes have occurred.
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Winds that warm by adiabatic compression as they descend from high elevations of a mountain range to low elevations
on the plains to the east. climate The weather of an area averaged over a long period of time.

Even though the cylinders are not insulated and are quite conductive, that process is idealized to be adiabatic.
The same can be said to be true for the expansion process of such a system. Such assumptions are
idealizations. The behaviour of actual machines deviates from these idealizations, but the assumption of such
"perfect" behaviour provide a useful first approximation of how the real world works. According to Laplace ,
when sound travels in a gas, there is no time for heat conduction in the medium and so the propagation of
sound is adiabatic. Various applications of the adiabatic assumption[ edit ] For a closed system, one may write
the first law of thermodynamics as: Such a process is called an isentropic process and is said to be
"reversible". Fictively, if the process is reversed, the energy added as work can be recovered entirely as work
done by the system. Should the work be added in such a way that friction or viscous forces are operating
within the system, then the process is not isentropic, and if there is no phase change, then the temperature of
the system will rise, the process is said to be "irreversible", and the work added to the system is not entirely
recoverable in the form of work. If the walls of a system are not adiabatic, and energy is transferred in as heat,
entropy is transferred into the system with the heat. Naturally occurring adiabatic processes are irreversible
entropy is produced. The transfer of energy as work into an adiabatically isolated system can be imagined as
being of two idealized extreme kinds. In one such kind, there is no entropy produced within the system no
friction, viscous dissipation, etc. In nature, this ideal kind occurs only approximately, because it demands an
infinitely slow process and no sources of dissipation. A stirrer that transfers energy to a viscous fluid of an
adiabatically isolated system with rigid walls, without phase change, will cause a rise in temperature of the
fluid, but that work is not recoverable. Isochoric work is irreversible. Adiabatic heating and cooling[ edit ] The
adiabatic compression of a gas causes a rise in temperature of the gas. Adiabatic expansion against pressure, or
a spring, causes a drop in temperature. In contrast, free expansion is an isothermal process for an ideal gas.
Adiabatic heating occurs when the pressure of a gas is increased from work done on it by its surroundings, e.
This finds practical application in diesel engines which rely on the lack of heat dissipation during the
compression stroke to elevate the fuel vapor temperature sufficiently to ignite it. When a parcel of air
descends, the pressure on the parcel increases. The parcel of air can only slowly dissipate the energy by
conduction or radiation heat , and to a first approximation it can be considered adiabatically isolated and the
process an adiabatic process. Adiabatic cooling occurs when the pressure on an adiabatically isolated system is
decreased, allowing it to expand, thus causing it to do work on its surroundings. When the pressure applied on
a parcel of air is reduced, the air in the parcel is allowed to expand; as the volume increases, the temperature
falls as its internal energy decreases. Adiabatic cooling does not have to involve a fluid. One technique used to
reach very low temperatures thousandths and even millionths of a degree above absolute zero is via adiabatic
demagnetisation , where the change in magnetic field on a magnetic material is used to provide adiabatic
cooling. Also, the contents of an expanding universe can be described to first order as an adiabatically cooling
fluid. See heat death of the universe. Rising magma also undergoes adiabatic cooling before eruption,
particularly significant in the case of magmas that rise quickly from great depths such as kimberlites. In
practice, no process is truly adiabatic. Many processes rely on a large difference in time scales of the process
of interest and the rate of heat dissipation across a system boundary, and thus are approximated by using an
adiabatic assumption. There is always some heat loss, as no perfect insulators exist. Ideal gas reversible
process [ edit ] Main article: Reversible adiabatic process For a simple substance, during an adiabatic process
in which the volume increases, the internal energy of the working substance must decrease The mathematical
equation for an ideal gas undergoing a reversible i.
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This heat supplies the energy needed to break the hydrogen bonds that hold molecules together. Because it is
used to break the hydrogen bonds between individual molecules, this heat does not raise the temperature of the
liquid water. It is known as latent heat , because it appears to be hidden see the sidebar "Latent heat and dew
point" below. Heat energy that is absorbed when water evaporates is released when the hydrogen bonds form
once again and the water vapor condenses into liquid. Water vapor condenses when it or the air containing it
becomes satu- Latent heat and dew point Water can exist in three different states, or phases: In the gaseous
phase, molecules are free to move in all directions. In the liquid phase, molecules join together in short
"strings. As water cools, its molecules move closer together and the liquid becomes denser. If the temperature
falls lower than this the molecules start forming ice crystals. Because these have a space at the center, ice is
less dense than water and, weight for weight, has a greater volume. That is why water expands when it freezes
and why ice floats on the surface of water. Molecules bond to one another by the attraction of opposite charges
and energy must be supplied to break those bonds. The molecules absorb this energy with no resulting change
in their temperature, and the same amount of energy is released when the bonds form again. This energy is
called latent heat. This is the latent heat of vaporization, and the same amount of latent heat is released when
water vapor condenses. When water freezes or ice melts, the latent heat of fusion is 80 cal g-1 J g Sublimation,
the direct change from ice to vapor without the water passing through the liquid phase, absorbs cal g-1 2, J g-1
, equal to the sum of the latent heats of vaporization and fusion. Deposition, the direct change from vapor to
ice, releases the same amount of latent heat. The amount of latent heat varies very slightly with temperature,
so this should be specified when the value is given. The diagram illustrates what happens. Energy to supply
the latent heat is taken from the surrounding air or water. When ice melts or water evaporates, the air and
water in contact with them are cooled, because energy has been taken from them. That is why it often feels
cold during a thaw and why our bodies can cool themselves by sweating and allowing the sweat to evaporate.
When latent heat is released by freezing and condensation, the surroundings are warmed. This process is very
important in the formation of storm clouds. Warm air rises, its water vapor condenses, Latent heat and
adiabatic cooling and warming Latent heat. As water changes between the gaseous, liquid, and solid phases,
the breakage and formation of the hydrogen bonds linking molecules release or absorb energy as latent heat.
Warm air is able to hold more water vapor than cool air can, and the amount of water vapor air can hold
depends on its temperature. If moist air is cooled, its water vapor will condense into liquid droplets. The
temperature at which this occurs is called the dew point temperature. It is the tempera ture at which dew forms
on surfaces and evaporates from them. At the dew point temperature, the air is saturated with water vapor. The
amount of moisture in the air is usually expressed as its relative humidity RH. This is the amount of water
present in the air, expressed as a percentage of the amount needed to saturate the air at that temperature. When
the temperature decreases, water molecules lose energy and move more slowly, and when they meet they
remain close to one another long enough for hydrogen bonds to form between them. The relative humidity RH
is the amount of water vapor present in a unit volume of air expressed as the percentage of the amount that is
needed to reach saturation at that temperature. If the amount of water vapor remains constant, RH decreases as
the air warms and increases as it cools. Air cools if it is made to rise. It will rise by convection if it is heated
by contact with a warm surface, or if it is forced to rise over high groundâ€”a process called orographic
liftingâ€”or by frontal lifting if cold air pushes beneath warm air at a weather front and lifts the warm air.
Regardless of the surrounding temperature, rising air cools and subsiding air warms. This is called adiabatic
cooling and warming see the sidebar "Adiabatic cooling and warming" below. Adiabatic cooling reduces the
temperature of rising air, and if the temperature falls below the dew point temperature, water vapor Adiabatic
cooling and warming Air is compressed by the weight of air above it. Imagine a balloon partly inflated with
air and made from some substance that totally insulates the air inside. No matter what the temperature outside
the balloon, the temperature of the air inside remains the same. Imagine the balloon is released into the
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atmosphere. The air inside is squeezed between the weight of air above it, all the way to the top of the
atmosphere, and the denser air below it. Suppose the air inside the balloon is less dense than the air above it.
The balloon will rise. As it rises, the distance to the top of the atmosphere becomes smaller, so there is less air
above to weigh down on the air in the balloon. At the same time, as it moves through air that is less dense, it
experiences less pressure from below. This causes the air in the balloon to expand. When air or any gas
expands, its molecules move farther apart. The amount of air remains the same, but it occupies a bigger
volume. As they move apart, the molecules must "push" other molecules out of their way. This uses energy, so
as the air expands its molecules lose energy Because they have less energy they move more slowly. When a
moving molecule strikes something, some of its energy of motion kinetic energy is transferred to whatever it
strikes, and part of that energy is converted into heat. This raises the temperature of the struck object by an
amount related to the number of molecules striking it and their speed. In expanding air the molecules are
moving farther apart, so a smaller number of them strike an object each second. They are also traveling more
slowly, so they strike with less force. This means the temperature of the air decreases. As it expands, air cools.
If the air in the balloon is denser than the air below, it will descend. The pressure on it will increase, its
volume will decrease, and its molecules will acquire more energy. Its temperature will increase. This warming
and cooling has nothing to do with the temperature of the air surrounding the balloon. It is called adiabatic
warming and cooling, from the Greek word adiabatos, meaning impassable. Adiabatic cooling and warming.
Effect of air pressure on rising and sinking air. Air is compressed by the weight of air above it. A "parcel"
or"bubble" of air is squeezed between the weight of air above and the denser air below. As it rises into a
region of less dense air, it expands. As it sinks into denser air, it contracts. Potential temperature will start to
condense to form clouds. The height at which this happens is known as the lifting condensation level.
Condensation releases latent heat, which warms the adjacent air. This can be enough to make the air continue
rising, with further condensation leading to towering clouds of the cumulus and cumulonimbus types. Solar
Panel Basics Global warming is a huge problem which will significantly affect every country in the world.
Many people all over the world are trying to do whatever they can to help combat the effects of global
warming. One of the ways that people can fight global warming is to reduce their dependence on
non-renewable energy sources like oil and petroleum based products.
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3 Introducing Adiabatic and Evaporative Cooling Technologies How Adiabatic and Evaporative Cooling Works By using
an ancient process with a heritage that can be.

Adiabatic heating Adiabatic processes are those in which there is no net heat transfer between a system and its
surrounding environment e. Because it is a gas, air undergoes adiabatic heating and cooling as it experiences
atmospheric pressure changes associated with changing altitudes. Increasing pressure adiabatically heats air
masses, falling pressures allow air to expand and cool. Adiabatic heating and cooling is common in convective
atmospheric currents. In adiabatic heating and cooling there is no net transfer of mass or thermal exchange
between the system e. Accordingly, the change in temperature of the air mass is due to internal changes. In
adiabatic cooling, when a mass of air risesâ€”as it does when it moves upslope against a mountain rangeâ€”it
encounters decreasing atmospheric pressure with increasing elevation. The air mass expands until it reaches
pressure equilibrium with the external environment. The expansion results in a cooling of the air mass. With
adiabatic heating, as a mass of air descends in the atmosphereâ€”as it does when it moves downslope from a
mountain rangeâ€”the air encounters increasing atmospheric pressure. Compression of the air mass is
accompanied by an increase in temperature. Because warmer air is less dense than cooler air, warmer air rises.
Counter-intuitively, moist air is also lighter than less humid air. The water , composed of the elements of
oxygen and hydrogen is lighter than dominant atmospheric elements of oxygen and nitrogen. For this reason,
warm moist air rises and contributes to atmospheric instability. In the lower regions of the atmosphere up to
altitudes of approximately 40, feet [12, m] , temperature decreases with altitude at the atmospheric lapse rate.
The measurable lapse rate is affected by the relative humidity of an air mass. Unsaturated or dry air changes
temperature at an average rate 5. These average lapse rates can be used to calculate the temperature changes in
air undergoing adiabatic expansion and compression. This accounts for precipitation in the form of snow near
mountain peaks even when valley temperatures are well above freezing. Because the absolute moisture content
of the air mass has been reduced by cloud formation and precipitation, as the air moves downslope and warms
it quickly falls below saturation and therefore heats at the dry lapse rate of 5. Although actual lapse rates do
not strictly follow these guidelines, they present a model sufficiently accurate to predict temperate changes.
See also Air masses and fronts; Land and sea breeze; Seasonal winds Cite this article Pick a style below, and
copy the text for your bibliography.
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In meteorology and oceanography, the adiabatic cooling process produce condensation of moisture or salinity and the
parcel becomes oversaturated. Therefore, it is necessary to take away the excess. Therefore, it is necessary to take
away the excess.

The standard atmosphere contains no moisture. Unlike the idealized ISA, the temperature of the actual
atmosphere does not always fall at a uniform rate with height. For example, there can be an inversion layer in
which the temperature increases with altitude. Effect on weather[ edit ] The latent heat of vaporization adds
energy to clouds and storms. They are used to determine if the parcel of rising air will rise high enough for its
water to condense to form clouds , and, having formed clouds, whether the air will continue to rise and form
bigger shower clouds, and whether these clouds will get even bigger and form cumulonimbus clouds thunder
clouds. As unsaturated air rises, its temperature drops at the dry adiabatic rate. If unsaturated air rises far
enough, eventually its temperature will reach its dew point , and condensation will begin to form. This altitude
is known as the lifting condensation level LCL when mechanical lift is present and the convective
condensation level CCL when mechanical lift is absent, in which case, the parcel must be heated from below
to its convective temperature. The cloud base will be somewhere within the layer bounded by these
parameters. If the environmental lapse rate is less than the moist adiabatic lapse rate, the air is absolutely
stable â€” rising air will cool faster than the surrounding air and lose buoyancy. This often happens in the
early morning, when the air near the ground has cooled overnight. Cloud formation in stable air is unlikely. If
the environmental lapse rate is between the moist and dry adiabatic lapse rates, the air is conditionally unstable
â€” an unsaturated parcel of air does not have sufficient buoyancy to rise to the LCL or CCL, and it is stable to
weak vertical displacements in either direction. If the parcel is saturated it is unstable and will rise to the LCL
or CCL, and either be halted due to an inversion layer of convective inhibition , or if lifting continues, deep,
moist convection DMC may ensue, as a parcel rises to the level of free convection LFC , after which it enters
the free convective layer FCL and usually rises to the equilibrium level EL. If the environmental lapse rate is
larger than the dry adiabatic lapse rate, it has a superadiabatic lapse rate, the air is absolutely unstable â€” a
parcel of air will gain buoyancy as it rises both below and above the lifting condensation level or convective
condensation level. This often happens in the afternoon mainly over land masses. In these conditions, the
likelihood of cumulus clouds , showers or even thunderstorms is increased. Meteorologists use radiosondes to
measure the environmental lapse rate and compare it to the predicted adiabatic lapse rate to forecast the
likelihood that air will rise. Charts of the environmental lapse rate are known as thermodynamic diagrams ,
examples of which include Skew-T log-P diagrams and tephigrams. The difference in moist adiabatic lapse
rate and the dry rate is the cause of foehn wind phenomenon also known as " Chinook winds " in parts of
North America. The phenomenon exists because warm moist air rises through orographic lifting up and over
the top of a mountain range or large mountain. The temperature decreases with the dry adiabatic lapse rate,
until it hits the dew point, where water vapor in the air begins to condense. Above that altitude, the adiabatic
lapse rate decreases to the moist adiabatic lapse rate as the air continues to rise. Condensation is also
commonly followed by precipitation on the top and windward sides of the mountain. As the air descends on
the leeward side, it is warmed by adiabatic compression at the dry adiabatic lapse rate. Thus, the foehn wind at
a certain altitude is warmer than the corresponding altitude on the windward side of the mountain range. In
addition, because the air has lost much of its original water vapor content, the descending air creates an arid
region on the leeward side of the mountain.
Chapter 9 : Adiabatic Cooling
Changes in air pressure and temperature cause adiabatic clouds over mountain ranges. Exploring the Nature of
Wyoming is produced by: University of Wyoming Extension Sustainable Management of.
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