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Surface measurement vs. satellite measurement

In order to compute what is happening within the atmosphere, local measurement (near surface) and satellite measurement are used.

For local measurement, a sensor is placed near the surface. Therefore, only the radiation change when transporting downward is considered. It is simple, but the coverage is limited. For satellite measurement, both the changes during the downward and upward transports should be taken into account. Therefore, it is more complicated. For example, TOMS (a satellite to measure ozone): the surface albedo should be found out for accurate calculation. However, satellite measurement has a better coverage.

The understanding of processes occurred in the atmosphere allows us to compute the changes of radiation is different scenarios. If the properties of the atmosphere constituents, such as aerosol, are set, the amount of energy received on the surface and events happening within the atmosphere can be calculated.

Extinction in the atmosphere

Three extinction processes take place in the atmosphere:

1. Absorption,

2. Scattering, and

3. Reflection.

Absorption converts energy to heat or photochemical changes. Absorption from ozone, CO2, oxygen and water vapor is wavelength dependent while the absorption from dust (aerosol) is weakly wavelength dependent. One of the problems in estimating the amount of absorption is the spatial distribution of absorbers and their temporal variations. For example, water vapor mixing ratio varies vertically. Therefore, some assumptions are made.

1. Ozone: mainly concentrates in stratosphere

2. CO2: mixing ratio is fixed.

Scattering is the angular redistribution of energy. Dry air oxygen and nitrogen molecules, water vapor molecules and aerosols (dust, pollen) are some of the scatterers in the atmosphere. There are 2 scattering mechanisms, the Rayleigh scattering and the Mie scattering, which will be discussed in the later section.

Reflection is the change of direction of wave. It can be categorized as the specular reflection, bidirectionally specular reflection and diffuse reflection. It is one of the ways to loss information.

Absorption, scattering and reflection can happen at the same time.

Handout (Location of absorption bands)

Different absorption bands exist. They are due to the absorption of different absorbers.

Handout (Sources of absorbers and scatterers)

There are numerous sources of absorbers and scatterers:

1. Atmosphere:

a. Stratosphere: Ozone

b. Troposphere: CO2, water vapor, dust (aerosol)

2. Hydrosphere: water vapor, aerosol (sea salt)

3. Biosphere: CO2, water vapor, industrial emission CO2, dust, etc.

4. Lithosphere: volcanic ash, water vapor, sulphuric acid (can be transported to the stratosphere, therefore, has a long resident time).

Interaction of energy with absorbers and scatterers can influence the atmospheric turbidity and moisture content.
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