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Composition and structure

Composition of the atmospheric:

The m xture of gasses conposing the earth’s atnosphere.
The conposition of the atnosphere (with the exceptions
of water vapor, ozone, and other mnor variable
conponents) remains essentially unchanged up to a

hei ght of about 80 km This region is called the
honmosphere. Above 80 km the atnospheric gasses tend to
separate according to nol ecul ar weight (the

het er osphere)

Heterosphere (gasses start to separate by molecular
weight)

T Turbopause (<80 km)
Homosphere (constituents well mixed by large scale

atmospheric motions. (except water vapor,
Os, and other minor variable components)

e Show conposition of the atnosphere near the earth’s
surface. (Tab. 1) (Table 1.1, Ahrens)

e Show the variation of CO, concentration with tine.
(Fig. 3) (Fig. 1.4 Ahrens)

Not e that carbon di oxi de exhibits both a |Iong-term
trend and a small seasonal vari ation.

The trend of about 1.5 ppmincrease per year is
primarily due to the burning of fossil fuels, roughly
50% of the CO, put into the atnosphere renmaining there.
The rest is absorbed by the oceans and to sone extent
incorporated into increased bi omass, both terrestria
and oceanic. The seasonal variation is due to the cycle
of CO, uptake by photosynthesis of green plants during
t he grow ng season, and the net release of CO, by
respiration during the subsequent process of decay.
The seasonal cycle is larger in the N-hem sphere than
in the S-hem sphere.
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“Variable’ constituents of the atmosphere

There are nunerous trace gasses in the atnosphere that
fluctuate in concentration, sone of which are
considered to be pollutants. The inportant variable
constituents are water vapor, ozone, sulfur dioxide,
anmoni a, carbon nonoxide, with the first two being by
far the nost inportant neteorologically.

WAt er vapor

Constitutes frompractically zero to as nuch as 4% of
t he at nosphere near the surface in humd tropica
regions. It is highly variable in both tinme and space.
The anobunt of water vapor present in the atnosphere is
strongly dependent upon tenperature and proximty to a
source of evaporation. Hence, water vapor content
changes with | atitude, season, hei ght above the
surface, surface type (vegetation, bare soil, water)
and with surface noisture content. There is very little
wat er vapor above altitudes of about 10 km

WAt er vapor assures great inportance in the atnosphere
because:

1) Water vapor condenses in the atnosphere to form
clouds and rain or other forms of precipitation
(part of the hydrol ogic cycle).

2) Water vapor is a strong absorber of |ong wave
(terrestrial or infrared) radiation, and is thus a
conmponent of the “greenhouse effect”.

3) The processes of evaporation (at the surface) and
condensation (cloud formation) consune and rel ease
(respectively) large anounts of thermal energy and
thus play an inportant role in the energy bal ance of
t he earth-at nosphere system This can result in the
effective transfer of energy 100's to 1000's of km
froman evaporating area, fromwhere water vapor is
added to the atnosphere (consum ng energy locally)to
where the condensation of this noisture takes place,
addi ng energy to the atnosphere.



ATMG60, Shu-Hua Chen

Condensation in the atnosphere

ﬁ Energy rel eased
T Vapor transfer
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Evaporation at surface Ener gy consuned
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Vertical structure of the atmosphere:

There is a natural division of the atnosphere into four
hei ght intervals according to the way in which
t enperature changes wth hei ght.

e Show | ayers of the atnosphere. (Fig. 4)(Fig. 1.9
Ahr ens)

| onosphere: The peak el ectron density is at about 300
km

Met eorol ogi cal ly, the nost inportant region of the

at nosphere is the troposphere (the |lowest 12 km or so)
because this | ayer contains nearly all of the water
vapor avail able for condensati on and because this | ayer
is not restricted by strong thermal stratification, as
is the stratosphere. The tropopause is the upper
boundary of the troposphere.

In the stratosphere, warmair overlies cold, dense air
and the layer is very stable, stratified and resists
m xi ng. Vertical notions are strongly inhibited and
there is little in the way of weather phenonena.

Tenperatures are relatively high in the upper

strat osphere and | ower nesosphere because of strong
absorption of ultraviolet radiation fromthe sun by O
and O;, ozone being fornmed by the photodi ssoci ati on of
nmol ecul ar oxygen followed by reconbination in the form
of nol ecul ar ozone (nore later in our discussion of

sol ar radiation).

In the thernosphere, tenperatures increase again with
di stance fromthe surface up to about 400 km
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US standard atmosphere:

Lapserate:

is a hypothetical vertical distribution of atnosphere
tenperature, pressure and density corresponding to the
average state of the real atnosphere. Such an
“atnosphere” is adopted as the basis for the
calibration of altineters, the evaluation of aircraft
performance etc.

Thermal stratification is very inportant because of its
i nfluence in enhancing or suppressing vertical mxing
in the atnosphere in “unstable” and “stable” |ayers,
respectively. We use the term*“lapse rate” to describe
the rate at which tenperature decreases with height.
Thus

_dr
dz

In the case of an inversion (tenperature increasing
with height dT/dz > 0) the atnosphere is stable and
resists mxing, air pollution episodes are possible. As
we wll see later, however, the degree of instability
ina layer in which dT/dz < 0 is very dependent on

whet her or not the atnospheric layer is at the
saturation point and clouds are formng. A cloudy

at nosphere is nore likely to be unstable.

Y= °C/km

The stability of the |lowest |ayers of the atnosphere is
very dependent on diurnal heating and cooling.
Typically, in the daytine with solar heating, a
convective “boundary layer” is formed 1 or 2 kmthick
in which pollutants and other constituents are well

m xed, while, at night, cooling of the ground cause a
nocturnal inversion which makes the | ower atnosphere
calm Tenperature profiles are expected of the

foll ow ng forns:

Day Night

lor2km fF-------------¢---- pr—lng—ln—\lgs")n 1Kkm F--=mm-mmmmmmmmm e e

mixed layer
Thetaand g, are
amost constants

L 4 Nocturnal inversion
Superadigbatic layer

0 T 0 T
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Radiation processesin the atmosphere (Intro)

The atnosphere is a | arge heat engine which is driven
by the inbal ance between the absorption of solar

radi ati on and earth’s em ssion of |ongwave radiation at
different latitudes. This is shown in the figure
(Fig.5) of the variation with |atitude of average

i ncom ng and outgoi ng radi ati on (annual average).

e Show radi ation energy flux vs. latitude. (Fig.5)

The differential heating, net warm ng by excess sol ar
radi ati on absorbed at low |l atitudes and net cooling
because of the larger |ongwave radiation | oss to space
at high latitudes, is the driving force for atnospheric
notions. Atnospheric circulations (and to a | esser
extent oceanic currents) redistribute heat about the

gl obe and result in a net transfer of thermal energy
pol eward, such that a thermal bal ance is achi eved at
each latitude (the tropics do not continually heat up,
nor the pole regions continually cool down).

Longwave radiation is also called “terrestrial”

radi ati on, and solar radiation is also referred to as
“shortwave”. The difference between the two radi ative
streans is large in terns of spectral quality

(wavel ength), and their spectra, effectively, do not
overlap, as we wll see shortly.



This document was created with Win2PDF available at http://www.daneprairie.com.
The unregistered version of Win2PDF is for evaluation or non-commercial use only.



http://www.daneprairie.com

