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Assessment

Answering Questions in English - 10%

Providing Lecture - 10%

Mid semester Exam - 30%

Final Exam - 50%
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Free Atmosphere

© (1 km)

Fig. 1.1 The troposphere can be divided into two parts: a boundary
layer (shaded) near the surface and the free atmosphere
above i,
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Figure 18.1
Location of the boundary layer, with top af z;.



Planetary Boundary Layer

The layer of air influenced by surface friction is called the planetary boundary layer (PBL).

Atmospheric Boundary Layer

Free troposphere
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vCuc U surface layer

The atmosphere above the boundary layer is called the free troposphere, typically.



Conceptual view of the planetary boundary layer
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Vertical structure of the boundary layer
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Interfacial layer (0O-1 cm): molecular fransport, no turbulence

Surface layer (0-100 m): strong gradient, very vigorous turbulence

Mixed layer (100 m - 1 km): well-mixed, vigorous turbulence

Entrainment layer: inversion, infermittent turbulence



The PBL is defined by the presence of turbulent mixing that couples the air to the underlying

surface on a time scale of less than a few hours.

The atmospheric boundary layer is formed as a consequence of strong interactions between

the atmosphere and the underlying surface (land or water).

Within PBL, significant exchange of momentum, heat or mass takes place between the surface

and the atmospheric air.
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PBL height (several tens of meters to several kilometers)
Depend on:

1. rate of heating or cooling of the surface

2. strength of winds
3. the roughness and topographical characteristics of the surface

4. large-scale vertical motions

5. horizontal advections of heat and moisture



Daytime: PBL height on the order of 1 km (0.2-5 km)
Nighttime: PBL height on the order of 100 m (20-500 m)

A strong diurnal variation in meteorological variables can be found within the PBL.

Large diurnal temperature variations (relative to the free troposphere above).

12

Marine Continental
Little diurnal Strong diurnal
variability variability
1-2 km (3 max, Up to 5 km over

maybe)

deserts




13

Difference between boundary layer and free atmosphere

The boundary layer is:
More turbulent
With stronger friction

With more rapid dispersion of pollutants

With non-geostrophic winds while the free atmosphere is often with

geostrophic winds
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Significance of the boundary layer (BL)
1) People spend most of their lives in the BL.

2) Daily weather forecasts of dew, frost, and maximum and minimum temperatures are really

BL forecasts.

3) Pollution is trapped in the BL.

4) Fog occurs within the BL.

5) The primary energy source for the whole atmosphere is solar radiation, which for the
most part is absorbed at the ground and transmitted to the rest of the atmosphere by BL

processes.



6) Crops are grown in the BL. Pollen is distributed by boundary layer circulations.

7) Cloud nuclei are stirred into the air from the surface by BL processes.

8) Virtually all water vapor that reaches the FA is first transported through the BL by turbulent
and advective processes.



9) Thunderstorm and hurricane evolution are tied to the inflow of moist BL air.
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10) About 50% of the atmosphere's kinetic energy is dissipated in the BL.

11) Wind stress on the sea surface is the primary energy source for ocean currents.



PBL structure & evolution

Component of the boundary layer during fair weather
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The stable boundary layer over land in the diurnal cycle .
An important scientific challenge is to develop a turbulent mixing scheme which covers all three

Fegimes (Stull, 1988)



Typical profiles of potential femperature, wind and humidity over land in midlatitudes during

cloudless conditions.
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Influence of synoptic scale vertical circulation on the PBL




Idealized PBL modification near a frontal zone




Scales of atmospheric motion
The tiny microscale motions constitute a part of the larger mesoscale motions which, in turn,

are part of the much larger synoptic scale.
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(a) Microscale (b) Mesoscale (c) Synoptic scale

Notice that as the scale becomes larger, motions observed at the smaller scale are no longer visible.
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