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Lapse rates and stability
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(Dry) Neutrally Stable Atmosphere

Since the parcel temperature is the same as the environment the parcel will neither continue

to move away from nor return to it's original level.

T, = 0°C 3000 m

Lift Parcel
Dry
Adiabatically

Tenv.: looc % 2000 m

Compare Lifted Parcel Temperature to the Environmental Temperature




Neutral Stability

Dry Neutral
Environmental lapse rate equals the dry adiabatic lapse rate.

Can result from thoroughly mixing air.

Moist Neutral

Environmental lapse rate equals the moist adiabatic lapse rate.



Effect of atmospheric Stability on plume Dispersion

The dispersion of air pollutants is primarily determined by atmospheric conditions.
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Air Molecule Density

(a)

As you go higher in the atmosphere, air becomes less dense.



Smoke Rises in the Air,
Normally




Temperature inversion
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Normal Conditions Temperature Inversion

Cold air Cold air

Cooler air Warmer air - Inversion Laver

Warmer air Cooler air

Arrows show air flow in normal conditions on the left and during temperature inversion on the right. In
normal conditions, warm air rises and normal convective patterns persist. During temperature inversion,
the warm air acts as a cap, effectively shutting down convection and trapping smog over the city.




How inversion Happens

Temperature inversion

Cold
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An inversion is characterized by its strength, thickness, top/base height, and top/base

temperatures.
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Lapse Rate

The rate at which air femperature decreases with height.

The standard (average) lapse rate in the lower atmosphere is about 6.5°C per 1 km.

12/27/2021

Trapping Pollutants Under an Inversion
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TYPES OF TEMPERATURE INVERSIONS
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Inversions form whenever a layer of air becomes colder than the layer of air above it.

Common inversion types include :

the radiation inversion
the large-scale subsidence inversion
the marine inversion
the frontal inversion

small-scale subsidence inversion
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The radiation inversion,

radiation at night from the earth’s surface into the local atmosphere

Night and early
morning

Daytime
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Radiational Inversions

Result from radiational cooling of the ground
Occur on cloudless nights - nocturnal
Typically surface based

Are intensified in river valleys

Cause pollutants to be "trapped”
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Radiational Inversions

# Breakup after sunrise
# Breakup results in elevated ground level concentrations

# Breakup described as a fumigation
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Subsidence Inversion

Associated with high-pressure systems

Inversion layer is formed aloft

Covers hundreds of thousands of square kms

Persists for days
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Large-Scale Subsidence Inversion

descent of a layer of air with in a high pressure air mass

Subsidence
inversion
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Seasohal Variation of Inversions

Figure illustrates the seasonal variation of afternoon inversion profiles in Los Angeles.

During the winter, the Pacific high is further from Los Angeles than it is during any other

season, and the large-scale subsidence inversion strength is weak.

During the summer, the inversion is strong because the center of the Pacific high is closer to

Los Angeles than it is during any other season.
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Fort Meade profile 6/19/2001

Fort Meade Profile 9:06-9:35 EDT &/19/2001
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Frontal - warm air overrides cooler air

Advection Inversion

Cool marine air W

Cool ocean \

Gool alr lows
undemeath warm air

In Southern California,
called the “Marine Layar™
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