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1. Introduction

This document introduces an algorithm producing cloud reflectances for all MERIS
channels. The proposed algorithm is not implemented in the MERIS operational processing.

2. Algorithm Overview

The cloud reflectancpqous (A) Will be estimated for all MERIS channels. An adequate
algorithm has to be established to correct the radiance measurements according to the
atmosphere above the cloud. The bidirectionality of cloud reflectance, the multiple scattering in
the atmospheric layer above the cloud and the multiple scattering between the cloud and the
atmospheric layer above the cloud have to be taken into account. The algorithm suggested here
accounts for the angular distribution of reflected solar radiation and all kinds of multiple
scattering by radiative transfer simulations. The radiative transfer model MOMO (Matrix
Operator Model) is used to solve the forward problem, i.e. the derivation of satellte sensor
signals and the radiance at cloud top level. The difference is the stored amtspheric
correction term Lcor (A ). The atmospheric correction term,L(2 ) is a function of all input
parameter that determine the physics of the atmosphere. The most important properties that
determine Lo, (A ) are the cloud optical thickness (and therewith the cloud albedo at
753.75nm because it is highly correlated to cloud optical thickness , see ATBD 2.1, 2.2) and
the cloud top pressure. So inferring the atmospheric correction tgr(h)Lfrom cloud top
pressure and cloud albedo at 753.75 nm is the inverse problem. This prdblesrtackled by
the use of a Lookup Table (LUT) technique. Additionally a polynomial approacthpev
researched.

The influence of stratospheric aerosols must be considered by using a separate LUT.

3. Algorithm Description

3.2. Theoretical Description

3.2.1. Physics of the problem

3.2.1.1. Cloud reflectance and atmospheric correction term
The reflectance at cloud top leyg|oug is defined by:

_ T Lcloud(x’)

 coBy, FoulR)

where Lgoug IS the upward radiance at cloud top level.

The coherence betweenybyg and Ltoa measured by MERIS can be expressed by :

L L ton—L

pcloud(x)

cloud — corr?

whereLo is called the atmospheric correction teHri .o is knownLog and therewithpeioug

can be evaluated. Despite of the equation is looking simplas not simple. It contains all
information about scattering and multiple scattering and can not be expressed analytically.
HoweverlL.,, can be evaluated by radiative transfer calculations for all possible and reasonable
combinations of physical input parameter. The essential parameters are:
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¢ the Rayleigh and aerosol optical thickness above the cloud, which determine scattering and
multiple scattering,
¢ and the cloud reflectance, which influengg, due to multiple scattering.

The Rayleigh and aerosol optical thickness above the cloud are determined by the cloud
top pressure. The cloud reflectance is determined by cloud optical thickness, surface albedo for
low cloud optical thickness and again by the Rayleigh and aerosol optical thickness above the
cloud. Thereford_., is mainly determined by cloud top pressure, cloud optical thickness and
surface albedo. The cloud albedo at 753.75nm is highly correlated to the cloud optical
thickness (see ATBD 2.1, 2.2). Variations of the surface albedo influence the cloud reflectance
in a range of a few percent by a increasing influence with increasing optical thickness. So the
cloud reflectance is determined in a first order of accuracy by the cloud albedo at 753.75 nm
and by the cloud top pressure. Therefore finally the atmospheric correctior_dgria
determined mainly by the cloud albedo at 753.75 nm and by the cloud top pressure. The
procedure of deriving the atmospheric correction tieggnconsist of building up and using an
look up table, where cloud albedo and cloud top pressure are the dimensions.

A iterative process that use a first order derived cloud reflectance as an input to find a
more precise atmospheric correction term is conceivably. But the influence of the cloud
reflectance td_.o is only of second order and the improvement seems negligible. A precise
statement can be made after a sensitivity test.

The influence of stratospheric aerosols must be considered by using separate LUT.

3.1.2. Mathematical Description of the Algorithms

3.1.2.1. Radiative transfer simulations

The radiative transfer model MOMO (Fell and Fischer, 1995) uses cloud optical
properties as calculated from a Mie-program (Wiscombe, 1980). For a given droplet size
distribution and optical constants of water and ice (complex refractive index from Hale and
Querry (1973), Palmer andiMams (1975) and Irvine and Pollack (1968)) this code returns
extinction and scattering coefficients and the scattering phase function, which describes the
angular distribution of scattered light in a single scattering event. A modified gamma function
has been adopted for cloud droplet size distribution (Hansen, 1971). The influence of
tropospheric aerosol scattering is almost negligible. Therefore, the simulations need only to
distinguish between thmaritime and continentalaerosol types with an optical thickness of
8aeri=0.125 at A=550nm (Toon and Pollack, 1973). The aerosol optical properties are
calculated from a Mie-program (Wiscombe, 1980) too. Air molecules are small compared to
the wavelength of the incoming sunlight. Hence, molecular scattering can be described with
Rayleigh theory. The scattering coefficient of all atmospheric constituents are direct input
parameter of the radiative transfer model MOMO. The scattering phase function has to be
expanded into a Fourier series in order to calculate azimutally resolved radiances. Since
MOMO calculations include the full information of the angular dependencies of scattering due
to cloud particles, the BRDF can be simulated for any illumination and observation geometry
as well for arbitrary atmospheric conditions.

The radiative transfer model MOMO uses the data of Neckel and Labs (1984) as input
for the solar irradiance.

The most important cloud feature that influentegt are the cloud optical thickness and the
cloud top pressure. The cloud optical thickness varies between 1 and 300 in the calculations.
The cloud top pressure varies between 1013 hPa and 100 hPa in steps of 12.5 hPa.



Doc: PO-TN-MEL-GS-0005
F U B M E R I S Name: Cloud Reflectance

Issue: 4 Rev.: 0
E S L Date: 05 December 1997
Page: 16-5

Because it is not possible to do radiative transfer calculations for all permutations of
input parameters 1000 cases are considered where the input parameters: cloreffegivd
radius), optical thickness and cloud top pressure are chosen randomly and independently from
each other. In figure 1 below the process of radiative transfer simulations is shown.

In case of volcanic eruptions stratospheric aerosols should be introduced in the model
atmosphere. Sulphuric acid particles are then placed in the model layer between 20km and
30km (WCP-report No. 112, 1986).

3.1.2.2. Inversion

Figure 1 below describes the inversion process. The TOA radiance is processed with
the atmospheric correction teny,..(A). The cloud albedo and cloud top pressure will be
used for a preselection to find the appropriate atmospheric correction term table. The
atmospheric correction terms belongs to discrete points and have to be interpolated to
observation and sun geometry.

A stratospheric aerosol flag is set, if volcanic eruptions with emissions in the
stratosphere are reported. In such cases the algorithm selects the coefficients (or matrices)
derived with the simulations containing sulfuric acid particles in the upper atmosphere.

Additional Level 1 Additional Level 2
MERIS Radiance products: az_|mgth products: cloud top
difference, viewing pressure, cloud albed
zenith, Sun zenitl at 753.75nm
. atmospheric interpolation according to atmospheric )
atmospheric . L A selection of atmospheric
) correction sun and viewing correction ter .
correction correction term table
terms geometry table

Cloud
Reflectance

Database of

atmospheric correction
term tahles

Figure 1 : Inversion process flow chart
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3.2. Practical Considerations

3.2.1. Numerical computation considerations

TBD

3.2.2. Calibration and Validation
TBD

3.2.3. Quality Control and Diagnostics
TBD

3.2.4. Exception Handling

The algorithm will only be applied to pixels, which was indicated as cloudy by the cloud screening
algorithm.

If the algorithm retrieves parameters, that lies outside realistic boundaries, a quality flag
will be raised, indicating, what bond wascerded. For that specific pixel, no cloud parameter
will be estimated.

3.2.5. Output product

e cloud reflectance

3.3. Error budget estimates
TBD

4. Assumptions and Limitations

The algorithm will be derived from radiative transfer calculations for which a plane
parallel atmosphere is assumed. There are no 3-dimensional radiative transfer codes (except
Monte-Carlo methods) available which could describe the shapes of the clouds in a realistic
way. The plane parallel atmosphere assumption is not valid for low sun elevations and high
observation angles.



Doc: PO-TN-MEL-GS-0005
F U B M E R I S Name: Cloud Reflectance
Issue: 4 Rev.: 0

E S L Date: 05 December 1997
o 16-7

Page:

5. References

Arking, A., 1990 The radiative effects of clouds and their impactliorate. Technical Report
WCRP-52, WMO/TD-No. 399, International Council of Scientific Unions and World
Meteorological Organisation

Armbruster, W., B. Bartsch, L. Schuller, S. Bakan and J. Fischer, 1995 OVID Measurements
during EUCREX 94Proc. of the 7th workshop in Villeneuve d’AsEgance

Chandraesekhar, S., 19%Readiative TransferOxford University Press

Charlson, R. J., J. E. Lovelock, M. O. Andrae, and S. G. Warren, 1987 Oceanic
phytoplankton, atmospheric sulphur, cloud albedo and clirNatieire 326, 655-661

Curran, R. J. and M. L. C. Wu, 1982 Skylab near-infrared observations of clouds indicated
supercooled liquid water droplets. Atmos. Sci39, 635-647

Fell, F and J. Fischer, 1995 Validation of the FU Berlin Radiative Transfer Model, to be
published in the final report of the EC-Contract MAS2-CT92-0020

Hansen, J. E. and L. D. Travis, 1974 Light scattering in planetary atmospBpeeg Sci.

Rev., 16, 527-610

Hale, G. M. and M. R. Querry, 1973 Optical constants of water in the 200nm to 200um
wavelength regiomppl. Opt, 12, 555-563

Heinemann, Th. and B. Gentill995 Comparison between Radiances calculated by the
Villefranche Monte-Carlo Model and the Berlin Matrix-Operator-Model (MOMO), WP
5000 Radiative Transfer Simulations tn@ary Report

Irvine, W. M. and J. B. Pollack, 1968 Infrared optical properties of water and ice spheres,
Icarus 8, 324-360

Neckel, H. and D. Labs, 1984 Improved Data for Solar Spectral Irradiance from 330 to
1250nm,Solar Phys 90, 205-258

Palmer, K. F. and D. Wiliams,974 Optical properties of water in the near infrakdOpt.

Soc. Amer.64, 1107-1110

Roeckner, E., U. Schlese, J. Biercamp and P. Loewe, 1987 Cloud optical depth feedbacks and
climate modellingNature 329 138-140

Rossow, W. B., 1989 Measuring cloud properties from space: A reVie@imate 2, 201-

213

Rossow, W. B. and A. A. Lacis, 1988 Global, seasonal cloud variations frofitesate
measurements. Part II: Cloud properties and radiative effecBdimate 3, 1204-1253

Stephens, G. L, 1978 Radiation profiles in extended water clouds Il: Parameterization
schemes). Atmos. Sci35,2123-2132

Taylor, V. R. and L. L. Stowe, 1984 Reflectance characteristics of uniform earth and cloud
surfaces derived from NIMBUS-7 ERB. Geo. Res89, 4987-4996

Toon, O. B. and J. B. Pollack, 1973 A global Average Model of Atmospheric Aerosols for
Radiative Transfer Calculation, Appl. Met 15, 225-246

Twomey, S., 1977 The influence of pollution on the shortwave albedo of cldud¢mos.

Sci, 34,1149-1152

Twomey, S. and K. J. Seton, 1980 Inferences of gross microphysical properties of clouds from
spectral reflectance measuremedtsAtmos. Sci37, 1065-1069

WCP-report No. 112, 1986 A pgirinary cloudless Standard Atmosphere for Radiation
Computation, WMO/TD-No. 24

Wiscombe, W. J., 1980 Improved Mie scattering algoritAppl. Opt, 19, 15505-1515



Doc: PO-TN-MEL-GS-0005
F U B M E R I S Name: Cloud Reflectance

Issue: 4 Rev.: 0

E S L Date: 05 December 1997
Page: 16-8

ATBD 2.16 —MERIS DATA PRODUCT SUMMARY SHEET

Product Name:
Product Code:
Product Level:
Description of the product:

Product Parameters:

Coverage:
Packaging:

Units:

Range:
Sampling:

Resolution:

Accuracy:

Geo-location Requirements:
Format:
Appended Data:

Frequency of generation:

Cloud Reflectance
MERIS.RRGCREF
Level 2

Cloud reflectance

global

Half-orbit

[1]

0.0-1.00

pixel by pixel (300*300fpixel should also be recorded to
detect small cumulus clouds - important to atmospheric
correction)

radiometric: 0.2 Wfsr'pmi*
spatial: 1.2km (0.3km)

radiometric: 2-4% (within precision of calibration)
geophysical producftBC

1-4 pixels, depending on use of cloud-top pressure
16 bits / sampl@BC)
Earth location, Quality mask (i.e. residual of inversion
process)

1 product per orbit

Size of the Product: TBC



