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The application of spaceborne cloud lidar is discussed in relation to the effect of ice
clouds on Earth's Radiation Budget (ERB) and on atmospheric and surface radiative
heating. The key science questions highlighted include: .

O What is the impact of the cloud and aerosol optical properties on radiation
reflected and emitted to space and the particular peculiarities of ice clouds and
aerosol to the ERB?

O What is the effect of the distribution of cloud on the water budget of the
middle-to-upper troposphere and what is the relevance of this budget to
climate?

O What are the possible roles of the radiative properties of clouds and aerosol on
climate and climate feedback?

The utility of spaceborne lidar for addressing these science issues will be
described. Among the most relevant issues addressed are:

O Backscatter ambiguity - the need to convert lidar backscatter to information
relevant to the science questions highlighted above is described and some
examples as to how this might be achieved will be discussed.

O The space-time requirements imposed by a single satellite carrying a lidar will

be described and the kinds of biases on radiative budget properties expected
by this sampling will be highlighted.
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Figure 3. Estimates of the globally averaged radiative forcing due to changes i greenhouse gases and aerosols from pre-
industrial times to the present day and changes in solar variability from 1850 to the present day. The height of the bar
indicates a mid-range estimate of the forcing whilst the lines show the possible range of values. An indication of relative
confidence in the estimates is given below each bar. The contributions of individual greenhouse gases are indicated on the
first bar for direct greenhouse gas forcing. The major indirect effects are a depletion of stratospheric ozone (caused by the
CFCs and other halocarbons) and an increase in the concentration of tropospheric ozone. The negative values for aerosols
showld not necessarily be regarded as an offset against the greenhouse gas forcing because of doubts over the applicability
of globul’ mean radiative forcing in the case of non-homogeneously distributed species such as aerosols and ozome (see
Section 1 and Section 7).
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JULY 1988 NET CLOUD FORCING (W m™2)
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Backscatter ambiguity:

Lidar equation

ChpP T R
(R)=——— -2|0,, l
P (R) == —exp( j e (r)dr)

Interpretation in the form of extinction requires
some a priori understanding of the relation
between backscatter and extinction. This leads
to real ambiguity when studying ice and aerosol
clouds.
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Fig. 13. Smoothed plots of y'(m) versus ¢, for flight legs 2 and 4.
' The lines are fits of (9) to the data.
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FIGURE 6. Plot of the quantity 1/(2an) against infrared emittance €.

Backscatter ambiguity

. Rackecatter to extinchion

Profiles of extinction and absorption are needed.
Lidar offer profiles of backscatter.

2. Mudtiple ccattering

Another source of ambiguity. Affects both coptical property
retrieval and ranging profiing through pulse elongation.

3. Qupporting parameters

optical depth (via IR emittance or solar reflectivitiec
photon path length ivia spectral reflectance in Aband
polarization

Doppler spectra

etc
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(a) 2 Satellites
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