Chapter 2
TEMPERATURE

Since carly childhood, you have expressed the
comfort of weather in degrees of temiperature,
Why, then, do we stress temperature in aviation
weather? Look at your flight computer; tempera-
ture enters into the computation of most param-
cters on the computer. In fact, temperature can

be critical to some flight operations. As a founda-
tion for the study of temperature effects on avia-
tion and weather, this chapter deseribes comionly
used temperature scales, relates heat and tempera-
ture, and surveys temperature variations both at
the surface and aloft.



TEMPERATURE SCALES

Two commonly used temperature scales are
Celsius (Ceutigrade) and Fahrenheit. The Celsius
scale is used exclusively for upper air temperatures
and is rapidly becoming the world standard for
surface temperatures alo.

Traditionally, two common temperature refer-
ences are the melting point of pure ice and the
boiling point of pure water at sca level. The melt-
ing point of ice is 0° C or 32” F; the boiling point
of water is 100° C or 212° F. Thus, the difference
between melting and botling is 100 degrees Celsius
or 180 degrees Fahrenheit: the ratio between de-
grees Celsius and Fahrenheit 1s 100/180 or 5/9.
Since 0° F is 32 Fahrenheit degrees colder than 0°
C, you must apply this difference when comparing
temperatures on the two scales. You can convert
from one scale to the other using one of the
following formulace:

C= 5—{1-’ —
9

9

F=:C+ 32

wu

where C is degrees Celsius and F is degrees Fahren-
heit. Figure 3 compares the two scales. Many flight
computers provide for direct conversion of temper-
ature from one scale to the other. Section 16, Avia-
Tion WisTher Skrvices has a graph for temper-
ature conversion.

Temperature we measure with a thermometer.
But what makes a thermometer work? Simply the
addition or removal of heat: Heat and teinperature
are not the same; how are they related?

HEAT AND

Heat is a form of energy. When a sabstance con-
tains heat, it exhibits the property we measure as
ternperature—the degree of “hotness”™ w “Coid-
ness.” A specific amount of heat absorbed by or
removed from a substance raises or lowers its tems-
perature a definite amount. However, the amount
of temperature change depends on characteristics
of the substance. Each substance has its unique
temperature change for the specific change in heat.
For example, if a land surface and a water surface
have the same temperature and an equal amount
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Firioer 3,
are the Fahrepheit and the Celsins. 9 degrees on the
Fahrenheit scale equal 5 degrees on the Celsius,

The two teimperature seales in connon use

TEMPERATURE

of heat 1s added, the land surface becomes hotter
than the water surface. Conversely, with equal heat
loss, the land becomes colder than the water.

The Farth receives energy from the sun in the
for.n of solar radutan, The Farth and its atmo-

55 percent of the radiation

sphere reflect about
and absorh the remaining 45 pereent converting it
to heat, ‘The Earth, in turn, radiates cuergy, and
this outgoing radiation is “terrestrial radiaton.” It
is evident that the average heat gained from in-
coming solar radiation must equai heat lest through



terrestrial radiation in order to kep he (...
from getting progressively hotter or colder. How-
ever, this balance is world-wide; we must consider

regional and local imbalances which create temper-
ature variations.

TEMPERATURE VARIATIOIS

The amount of solar energy recei ¢ @ hv any re-
gion varies with time of day, with sew., s -, and with
latitude. These differences in solar energy create
temperature variations. Tewperatures aiso vary
with differences in topographical surface and with
altitude. These temperature variations create forces
that drive the atmosphere in its endless rotinns.

DIURNAL VARIATION

sturnal variation is the change in temperature
from day to night brought about by the daily rota-
tion of the Earth. The Farth receives heat Huring
the day by solar radiation but continually loses
heat by terrestrial radiation.Warming and cooling
depend on an imbalance of solar and terrestrial
radiation. During the day, solar radiation exceeds
terrestrial radiation and the surface becomes
warmer. At night, s¢ 1 adiation ceases, but ter-
restrial radiation con ' ics and cools the surface,
Cooling continues after sunrise until solar radiation
again exceeds terrestrial radiation, Minimum tem-
perature usually occurs after sunrise. sometimes as
much as one hour after. The continued cooling
after sunrise is one reason that fog sometimes forms
shortly alter the sun is above the horizon, We will
have more to say about divmal variation and wopo-
graphic rurfaces,

SEASONAL VARIATION

In addition to its daily rotadon, the Farth re-
volves in a complete orbit around the sun once each
vear. Since the axis of the Earth tilis to the plane
of orbit, the angle of incident solar radiation varies
seasonally  between  hemispheres. The Northern
Hemisphere s warmer in Juneo July, and August
because it receives more solar enerey than does the
Southern Hemisphere, During Decernber, January,
ali'l February, the opposite is true: the Southern
Hemisphere receives more solar energy and s
warmer, Figures 4 and 5 show these seasonal sur-
face temperature variations.

VARIATION WITH LATITUDE .
The shape of the Earth causes a geographical
variation in the angle of incident solar radiation.

Since the Earth is essentially spherical, the sun is
more nearly overhead in equatorial regions than at
higher latitudes, Equatorial regions, therefore, res
ceive the most radiant energy and are wirnest,
Slanting rays of the sun at higher latitudes deliver
less enerey over a given area with the Teast being
received at the poles. 'Phus, tenperature varies with
latitude from the wann Equator o the cold poles.
You can see this average temperatare gradient in

£

figures 4 and 5.

VARIATIGNS WITH TOPOGRAPHY

Naot related to movement or shape of the carth
are temperature viniations induced by water and
terrain. As stoted carlier, water absorbs and radi-
ates energy with less temperature change than does
Tad. Large, deep water bodies tend to jnmimize
temperature changes, while continents Tavor Targe
changes. Wet soil such as tnswamps and marshes
is almost as elfective as water<in suppressing tem-
perature changes, Thick vegetation tends to control
temperature changes since 10 contains some water
and also insalates aeamst heat transfer between the
ground and the atmosphere. Arid, barren surfaces
permit the meatest wempesnture changes.

These topographical influences are both dinrnal
and seasonal. For example, the difference between
a datly maximum and ninimam may be 102 or
less over water, near ashore line, or over a swamp
or marsh, while a ditfc ence of 507 or more s
common over rocky or sandy deserts. Figures
and 5 show the seasonal topogrphical variation,
Note that in the Northern Hemisphere in July
temperatures iare warimer over continents than over
occeans: in January they are cold: over continents
than over oceans, The opposite is ‘rue inc the South-
ern Hemisphere, but not as pronounced hecause of
more water smface in the Soathern Hemisphere,

To compare Land and water effect on seasonal
temperatire variation, look at novthern Asia and at
southern: California near San Diceo, Tn the aeep
continental interior of northern Asia, July averace
temperature 1s about 07 Foand Januay average,
307 1. Seasonal ranee i abont 807 1. Near
San Dicgo, due to the proximity of the Pacifie
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Fioure 4. World-wide average surface temperatures in July. In the Northern Hemisphere, continents generally are
warmer than oceanic areas at corresponding latitudes. The reverse is true in the

Southern Hemisphere, but the contrast
is not so evident because of the sparcity of land surfaces.
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Fiouke 5. World-wide average surface temperatures in January when the Northern Hemisphere is in the cold season and
the Southern Hemisphere is warm. Note that in the Northern Hemisphere, continents are colder than o canic areas at
corresponding latitudes, and in the Southern Hemisphere continents are warmer than oceans.




Ocean, July average is about 70° F and January av-
erage, 50° I, Seasonal variation is only about 20° F,

Abrupt temperature differences develop along
lake and ocean shores. These variations gencrate
pressure differences and local winds which we will
study in later chapters. Figure 6 illustrates a possi-
ble effect.

Prevailing wind is also a factor in temperature
controls. In an area where prevailing winds are
from large water bodics, temperature changes are
rather small. Most islands enjoy fairly constant
temperatures. On the other hand,  temperature
changes e more pronounced  where prevailing
wind is from dry, barren regions.

Air transfers heat slowly from the surface up-
ward. Thus, temperature changes aloft are more
gradual than at the surface. Let's look at tempera-
ture changes with altitude.

VARIATIOCN WITH ALTITUDE

In chapter
mally decreases with inereasing altitude throughout

1. we learned that temperature nor-

the woposphere. This decrease of temperature wwith
altitude is delined as lapne rate, The average de-
crease of temperature-—average lapse rate-—in the
troposphere is 27 C per 1,000 feet. But since this
is an average, the exact value seldom exists. In
fact, temperature sometimes increases with height
through a layer. Awn increase in temperature with
altitude is defined as an inversion, ie.,

is inverted.

lapse rate

An inversion often develops near the wronnd on
clear, ool nights when wind s ficht, The gronnd
radiates and cools much faster than the overlying
air. Airin contact with the ground hecomes cold
while the temperatiure a few hundied feet above
Thus,
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Temperature differences create air movement and, at times, cloudiness.



with height. Inversions may also occur at any alti-
tude when conditions are favorable. For example,
a current of warm air aloft overrunning cold air

Fiourx

aloft.
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near the surface produces an inversion aloft, Figure
7 diagrams temperature inversions both surface and
aloft. Inversions are common in the stratosphere.

7. Inverted lapse rates o “inversions.” A lapse rate is a decrease of temperature with height. An inversion is an
increase of temperature with height, i.e., the lapsc rate is inverted. Shown here are a surface inversion and an inversion

IN CLOSING

Temperature affects aircraft performance and is
critical to some operations. Following arc some op-
erational pointers to remember, and inost of them
are developed in later chapters:

L.
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The aircraft thermometer is subject to in-
accuracies no matter how good the instru-
ment and its installation, Position of the
aircraft relative to the sun can cause errors
due to radiation, particularly on a parked
aircraft. At high speeds, aerodynamical ef-
fects and fricti~n are basically the causes of
iraccuracies.

High temperature reduces air density and
reduces aircralt perfurmance (chapter 3).
Diumal and top.ographical temperature
variations create local winds (chapter 4).

t.
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Diurnal cooling is conducive to fog (chap-
ter 3).

Lapse rate contributes to stability (chapter
6), cloud formation (chapter 7), turbulence
(chapter 9), and thunderstorms (chapter
11).

An inversion aloft permits warm rain to fall
through cold air below. Temperature in the
cold air can be critical to icing (chapter
10).

A ground based inversion favors poor visi-
bility by trapping fog, smoke, and other
restrictions into low levels of the atmo-

sphere (chapter 12).



