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Temperatare Profile of the Atmosphere

Based on femperature, the atmosphere is divided
mto four distinct zones or leyers: the thermosphere,
mesosphere, stratosphere, and troposphere, The
transition area at the top of each temperature fegion
is named using the suffix -pause, which means “io
vause to change,” i.e., thermopanse, mesopanse,
stratopanse, and trepopaunse.

Temperatores in the lower atmosphere do not
simply decline with altitude, for it is more cormplex
than this and actnally varies. In the upper atmosphers
the femperature profile shows that temperatures rise
sharply in the thermosphers, up to 1200°C (Z200°F)
and higher, However, we must use different concepts
of “temperature” and ‘“heat” to understand this
|

effect. The intense radiation in this portion of the at-
mosphere excites individual molecules (mitrogen and
oxygen) and atoms (oxygen) to high levels of vibra-
fion. This kinetic energy, the energy of motion, is
the vibrational energy stated as “temperature.” How-
ever, the density of the molecules is so low that little
actual heat is produced. Heating in the lower atmos-
phere near Earth’s surface differs becanse the greater
zrumber of molecules in the denser atrnosphere trans- .
mit their kinetic energy as sensible heat, meaning
that we can sense it and measure it. Figure 6.1 gives
you the general trend for this temperatire profile that
you specifically plot in this section using data from
Table 6.1.

Table 6.1
L Standard temperature values for the atmosphere
L Altitude Alfitude Temperature
1 Surface (No. Hemis.) Sea level " 15° C (58°F)
1 Tropopause 18 kmn (11 mi) —57°C (—-70°F)
[isothermal layer] [11 10 25 ki)
‘ Stratopause 50 km (31 i) 0°C (32°F)
L Mesopause 80 km (50 mi) —90°C (—130°F)
' N Thermopause 480 km (300 mi) - 1200°C (2200°F)+
\2 .\ *._! e 6 Csm B W _
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5 %_';39"1. Using the graph in Figure 6.1, plot the standard temperature vaiues given in Table 6.1 (the sea level valus has
been done for you). After you plot the data points, connect them with a line graph to complete the profile.

<« Labe] the layers of the atmosphere and the transition areas at the top of each layez.

2\. Briefly explain what physical properties produce 2 temperature decrease with altitude in the troposphere (at

* the normal lapse rate).

3? Why do temperatures increase throughout most of the siratosphere? Specifically dism_.xss the process that

produces this warming effect.

ey . ] . i )
4. After consulting the appropriate sections of a physical geography textbook, briefly describe the predicament

relative to stratospheric ozone: idertification and history of the problem, causes, current actions beimg taken,

and present staius




1. Using the emperainre graphs provided i Figure 6.2 plot the data from Table 6.2 for these two cities. Use a
smooth curved fine graph. to portray the temperature data. Calculate the mean (average) annual temperature
and the temperature range (differance between the highest and lowest) for each city. Fill in the other
information asked for on the climograph from information given in the table.

Table 6.2
Temperature data for La Paz and Concepeidn, Bolivia.

La Paz, Bolivia: pop. 993,000, iat. 16°30’ S, long. 68°10' W, elev. 4102 m {13,461 it).

Jan Fsb Mar Apr May Jun Ju Aug Sep Oct Nov Dec Arnual
Avg.Temp.C 9.0 8.0 20 8.0 8o 7.0 80 80 8.0 0.0 100 100 8.0
(°F) - (48.2) (48.2) (48.2) (48.2) (46.4) (44.6) (46.4) (46.4) (48.2) (50.0) (50.0) {50.0) (48.2)

Concepcion, Bolivia: pop. 10,000, iai. 16°15' S, long. 62°03' W, elev. 49¢ m (1608 it).

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Avg.Temp.°C  25.0 260 250 240 230 18.0- 220 240 27.0 ‘270 260 260 25.0

{°F) (77.0) '(78.8) (77.0) {75.2) (73.4) (68.2) (71.6) (75.2) {80.6) (SO.S) (78.8) (78.8) 77.0) |
La Paz, Bolivia : ' Concapcién, Bolivia
Lafiude: _ longitude: . pafitude: _ Longitude:
Elevation: m ft Elevation: m ft
Poputation: Populatian:
Avg. Annual Temperaiure (°C, ) Avg. Annual Temperature {°C, °F):
Annual Temp. Range ("G, °F) i _ Annual Temp. Rénge (°C, "F):
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Temperature graphs for La Paz and Concepcidn, Bolivia.
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Temperature graphs for Vancouver, British Columbia, and Winmipeg, Manitoba, Canada.
1, Using the data given in Table 6.3 plot the temperatureas for these two cities and partrzy with 2 smooth curved

Jine graph on the ternperature graph m Figore 6.3. Fill in the other information asked for from data given I

the tabie.

Table 6.3
Temperature data for ‘Vancouver,

Vancouvet, British Columbia : pop. 431,000, lat 49°11’ N, long. 123°1 0’ W, elev. sea level.

British Columbia, and Winnipeg, Manitoba, Canada.

r Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Avg.Temp.’C 3.3 44 5.6 -g 100 122 188 1 £4 122 84 g7 4.4 B.7
P . (37.9) (38.9) 42.1) (46.0) (50.0) (54.0) (57.0) (57.9). (54.0) (48.9) (44.1) (32.9) {47.7)
Winnipeg, Manitoba: pop- 561,000, lat. 49°54' N. long. g7°14’ W, efev. 248 m (813.6 1i). .
( Jan Feb  Mar Abr May Jun dul Aug Sep Oct Nov Dec Annual
Avg. Temp.°C —18.4 ~167 -85 33 111 167 184 178 122 50 —~5.6 —14.4 1.7
*F) (-2.8) (1.8 (1 §.0) (37.9) (82.0 (B2.1) (88.9) (64.0) (54.0) {41.0) (1.9} (6.1) (351 )_J
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[ SECTION 4 |

Altitnde and Temperature

Within the troposphere, temperatimres decrease with -
creasing altitude above Earth’s surface: the mormal
lapse rate of temperature change Wwith altitude is
6.4C°/1000 m or 3.5F%/1000 f-. Worldwide, mountain-
ous areas experience lower iemperatures than do re-
gions neaver sea level, even at similar latitudes. The
consequences are that average air temperatures at high-
er elevations are lower, nighttime cooling incieases,
and the temperature range between day and might and
between areas of sunfight and shadow also imcreases.
Tomperatures may decrease noticeably in the shadows
and shortly after sunset. Surfaces both gain heat rapid-
Ty and lose heat rapidly to the thinner atmosphere.

As we observed in Lab Exercise 5, the distribu-
Hon of intercepted solar energy exhibits an overall

imbalance among equatorial, midlatitude, and
polar locations. The equatorial regions exceed the
polar regions by 2.5 times in terms of insolation re-
ceived. As an interesting example of the effects of
altitude, let’s examine two cities in Bolivia, La Paz
and Concepeion. :

Temperature data are presented in Table 6.2 for
La Paz and Concepcién. Both stations are approxi-
mately the same distance south of the equator but dif-
fer in elevation. La Paz is at 4103 m (13,461 fi),
whereas Concepeidn is at 490 m (1608 i) above sea,
level. The hot, umid climaie of Concepcitn at its,
much lower slevation stands in marked contrast to the
cool, dry climate of hightand La Paz.

People living around high-aititnde La Paz actually grow wheat, batley, and potatoes——<cTops characteristicalty
grown in the cooler midlatitndes at lower elevations. These crops do well despite the fact that La Paz is

4103 m above sea level. The combination of elevation (moderating temperatures) and equatorial location
(producing higher Sun altitnde and consistent daylength) guarantee La Paz these temperature conditions,
averaging about 9°C (48°F) for every month. Such moderate temperature and moisture conditions lead 1o the
formation of more fertile soils than those found in the warmer, wetter climate of Concepcién

% SECTION 5

Marine versas Continental Effects

The irregular arrangement of landmasses and water
bodies on Barth comtributes to the overall pattern of
temperature, The physical nafure of the substances
themsetves—rock and soil versus water—is the reason
for thege land-water heating differences. Mors mod-
erate temperature patterns are associated with water

bodies compared to more extreme temperaires inland. -

These contrasts in temperatures are the result of the
land-water ternperatire controls: evaporation, transyris-
sibility, specific heat, movement, ocean currents, and

approximately 49° N latitude. Respectively, they are
at sea level and 248 m (814 &) clevation. However,
Vancouver has a more moderate pattern of average
maximum and minirmuwm temnperatares than Win-
nipeg. Vancouver’s annual range of 11.1 C° (20.0 F°)

A

sea-sucface iemperstures. The term marine, or
maritime, is used to describe locations that exhibit the
moderating influences of the ocean, usually along
coasthines or on islands. Comtinemtality refers to the

condition of areas that are less affected by the sea and -

therefore have a greater range between maximum and
Tiniroum temperatares dinmaily (daily) and yearly.
The Canadian cities of Vancouver, Brotish
Colhmbiz, and Winnipeg, Manitoba, exempiify these
marine and continental conditions. Both cities are at

is far below the 38.8 C° (70.0 F°) temperaiure range
in Winnipeg. In fact, Winnipeg’s continental tempera-
fure pattern 18 more extreme in every aspect than that
of maritime Vancouver.
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N2, W}Iy are the temperatures at La Paz more moderate (tending foward average, i.e., less extreme) in every
month and so consistent overall as compared to Concepcidn?

3. Recall that the normal lapse rate of iemperature change with altitude is 6.4C°/1000 m or 3.5F%/1000 ft.
Calculate the difference in altitude between La Paz and Concepcidn, and compare the difference in their
mean. (average} annual temperatures. 1s the difference between the mean anmual temperatures for these two
cities higher, lower, or the same as that produced by calculating average normal lapse rate conditions? (Show
your work.) '

4. The anmmal march of the seasons and the passage of the subsolar point between the {ropics of Cancer and
Capricorn affect these stations. Can you detect from your temperature graphs these seasonal effects? Explair.

Z Cormpare and contrast the marine temperature regime of Vancouver with the continental regime of Winmipeg.
. ‘What significant differences do you note?-

3. How many months register average iSmperaturas below freezing in Winnipeg?

How many months average below freezing in Vancouver?

Explain.

6
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X % SECTION 8
=) The Temperatures We Feel
Our perception of temperature is described by the formula and standard assumptions and mtroduced a
] termns apparent temperatnre, or sensible temperature, gew wind-chill chart during the 20012002 winter
The combinatior of water vapor content, wind spesd season. The new Wind Chill Temperatme (WCT)
A and air tempezature affect each individual’s sense of Index is an effort fo improve the accuracy of heat loss
s comfort. High temperatures, high humidity, and iow caicalations.
' winds produce the most beat discomfort, whereas low A wind-chill chart of estimated values is present-
@’ nmidity and strong winds enhance cooling sensation ed in Figure 6.8 in both metric dnd English units. The
and effect (due to the increased evaporation of mois- wind chill factor indicates the enhanced rate at which
) fure from the skin). The wind chill index is important body heat is lost to the air. As wind speeds increase,
- to those who expedence {live through) winters with heat loss from the skin increases. For example, if the
freezing temperatures. The NWS and the Metearologi- air temmperature 15 —1°C (30°F) and the wind is biow-
= 1 cal Services of Canada (MSC, htip://www.msc-smc. ing at 32 kenph (20 mph), skin temperatures will be
- ec.ge.ca/contents_ehtml/) revised the wind chill =8°C(17°F).
=]

See Vigure P2 p. 103 in ootk Cor o \atler 1ma
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‘Wind chill chart for various temperatures and wind velocities. o “, .
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1. How does wind enhance the loss of heat from exposed skin?

2. Describe the difference between 2 cotton (loose-weave) jacket and a nyion windbreaker (tight-weave) jacket
relative to the wind-chill copcept. Which preverts the wind access to your skin mare effectively?

y3. Usethe wénd—chﬂi chart in FigureAG.S to determine the wind-chill ternperature for each of the foliowing
examples;

| o )

a) ‘Wind speed: 24 kmnph, air termperature: —34°C = wind-chill temp:
b) Wind speed: 48 kmph, air temperature: —7°C = wing-chill temp:
¢} Wind speed: 8 kmph, air temperature: +4°C = wind-chill temp:
d) Wind speed: 56 kanph, air temperature: —23°C = wind-chill temp:

4. Cormpetitive downhill ski racers are subjected to severe wind chill, as are average skiers and snowboarders to
8 lesser degree. Assuming a downhill racer is going 80 kmph (50 mpk), which is coasting on some rums, and
the air temperature is —18°C (0°F), what is the wind chill they are feeling on any exposed skin?

‘What is their time to experience frostbite given these conditions? . In televised coverage,
what kind of outfits do these racers wear for protection.? '

i



