CHAPTER 1

ATMOSPHERIC STRUCTURE

OBJECTIVE


Determine the atmospheric structure.

INTRODUCTION


The atmosphere can be broken into different layers based primarily on temperature characteristics.  The primary atmospheric constituents and the characteristics of each layer are discussed in this chapter.

INFORMATION
ATMOSPHERIC CONSTITUENTS


The composition of the atmosphere is not constant; it varies from time to time and place to place.  However, two elements, nitrogen and oxygen, make up 99% of the volume of clean, dry air; most of the remaining 1% is accounted for by the inert gaseous element, argon.  See Table 1-1.

Table 1-1.  Principal Gases of Dry Air

Nitrogen gas (N2) - 78%

Oxygen gas (O2) - 21%

Inert gases - 1%


Water vapor is one of the most variable gases in the atmosphere.  In the tropics it may account for up to 4%, by volume, of the atmosphere, while in the air in deserts and polar regions, it may comprise but a tiny fraction of 1%.

LAYERS OF THE ATMOSPHERE

Troposphere


The word troposphere means, "the changing" sphere.  It extends from the surface to approximately 10 km.  The height of the troposphere varies with season and latitude.  The troposphere contains 80% of the atmosphere's mass and almost all of the water vapor, clouds and precipitation in the atmosphere.  Strong vertical mixing occurs in the troposphere, which may be caused by mechanical turbulence (mixing due to frictional effects of the surface of the earth).  Air molecules travel through the depth of the troposphere in a few days (in thunderstorms it occurs over a few minutes).  Particles remain in the troposphere for only a few days to a week due to rapid mixing and precipitation.  The troposphere's heat source is the absorption of terrestrial radiation by water vapor and carbon dioxide (Greenhouse effect) and the transfer of latent and sensible heat from the earth's surface.  See Figure 1-1.
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Figure 1-1.  Layers of the Atmosphere


Layers of the Troposphere.  According to Figure 1-2, there are two main layers of the troposphere: the Planetary Boundary Layer (PBL) and the free atmosphere.  The PBL is the portion of the atmosphere affected by the friction of the earth's surface.  Extends from the surface to the gradient level (where friction = 0).  Above the gradient level is the free atmosphere.  The height of the PBL depends on surface roughness (terrain features, buildings, etc.), wind speed (faster winds cause more mechanical turbulence) and stability (partly caused by thermal turbulence due to surface heating).
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Figure 1-2.  Vertical Mixing Due to Conduction and Convection

Planetary boundary layer.  The molecular boundary layer extends from the surface to 1 cm.  Mixing is completely suppressed.  Conduction is the primary method of heat transfer.  The surface layer extends to approximately 10 m.  Contains microscale mixing.  The mixed layer extends to about 1 km.  Contains greater mixing, but is still affected by friction.  


Free atmosphere.  The free atmosphere is above the boundary layer.  (Actually extends to the top of the atmosphere.)

Tropopause


It is the transition from the troposphere to the stratosphere and is marked by a sharp decrease in the amount of water vapor and a rapid increase in the amount of ozone (O3).  The tropopause ranges from 10 to 20 km above the surface.

REVIEW EXERCISE 1-1

1.
What are the major constituents of clean dry air?

2.
Describe two ways vertical mixing occurs in the troposphere

3.
What is the difference between the planetary boundary layer and the free atmosphere?

4.
What are the three factors that determine the height of the top of the planetary boundary layer?

Stratosphere


The word stratosphere means "layered sphere."  The stratosphere extends from 20 km to 47 km and is extremely stable.  The lapse rate through the stratosphere shows an inversion, with very little mixing occurring between the stratosphere and the troposphere.  Strong thunderstorms can penetrate only a few km into the stratosphere (overshooting tops) with mixing being suppressed because of the stability.  Particles can remain in the stratosphere on the order of years.  Debris from past nuclear explosions and dust from volcanic eruptions are present in much higher concentrations than in the troposphere.  The highest concentration of stratospheric ozone is seen between 20 and 25 km.  The stratosphere's heat source is the absorption of solar radiation by ozone.  The stratosphere accounts for approximately 20% of the atmospheric mass.  The troposphere and stratosphere combined account for 99.9% of the atmosphere's mass with the top of the stratosphere near the 1-mb level.

Stratopause


The stratopause is the transition from the stratosphere to the mesosphere (47 km to 55 km).  

Mesosphere


Mesosphere means "middle sphere" and extends from 55 km to 78 km.  The top of the mesosphere is near 0.01 mb.  Accounts for 0.099% (approximately 1/10%) of the atmosphere's mass.  Temperature decreases with height (positive lapse rate).  Vertical motions are not suppressed.

Mesopause


The Mesopause is the transition from mesosphere to the thermosphere (78 km to 98 km).

Thermosphere


This layer extends from 98 to 500 km.  Temperatures increase with height (negative lapse rate).  Temperatures range from 500( to 2000(K and are directly proportional to the amount of solar activity.  The heat source is the absorption of solar radiation by molecular oxygen (O2).  The ionosphere is an electrified region within the thermosphere where there is a fairly large concentration of ions.  This region is important for radio communications.  

SUMMARY

In general, the majority of this course will deal with the troposphere, but the other layers of the atmosphere can give valuable information on changing conditions.

REVIEW EXERCISE 1-2

1.
What prevents thunderstorms from penetrating deep into the stratosphere?

2.
What important function does ozone (O3) provide for our earth-atmosphere system?

3.
Why is there no “weather” in the mesosphere?

4.
Exhaust is emitted into the atmosphere by our car.  How long would you expect it 
to remain suspended in the atmosphere?

5.
A very strong volcanic eruption expels ash into the atmosphere.  In which layer will ash remain for the longest period of time?
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