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affects the space t1me 1ntegrat10n of the fluxes measured directly or

calculated.
In thls last ‘case the necessary knowledge of the’ reflectlon

patern depends in addltlon on the angular sampling of the' radiances,
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PROBLEMS OF SAMPLING AND RADIATION BALANCES <
' ' THEIR PROBLEMATICS

| jD;:Crémmelyncki;f
1. INTRODUCTION

.Since the beginning of the‘Space Age, considerable effortd
has been expended to'measure components of the radiation balance;
Many American satellites carrying wide-~field or high-resolution
» scanning radlometers, have been put in orbit - often they carrled
l_vboth at the same time. Nevertheless, our knowledge of the radlatlon
dfield of the earth—atmospbere system_remalns very fragmentary,, '

, The object of this short note is to show the difficulties

' encountered and, 1f possible, to formulate questions whose answers |
~can be used to set up an optimal observatlon system. We review:

the objectives belng sought:  they concern knowledge of the dlstrlbu~~ v
tion in space and in tlme of the 1ncom1ng radlatlon, of the albedo,
and of the radiation balance:at the orblt of the observatlon platw-
form,. at the tropopause, and at the surface of the earth,

, The albedo at the seleoted heigbts 1s deduced from knOWledge
. of the solar flux entering and 1eav1ng, the radiation balance of the
energles entering and leaving ’ ’

In fact, the stated obgectlve is not an end in itself: it is,
also intended to give the boundary condltlons needed for evaluatlng

#Numbers. in the margin indioate'pagination1ingtheiforeign texttu



~the climatic variations of the earth#atmosphere'system and to-
“put us in a pOSition to tackle the problem of the energy balance
of the atmosphere. ThlS latter aspect requires in addition that ;
- the distribution of water in its various forms, the temperatures,

x-fland the winds be known in the troposhere

, The spatial variability of the radiation field results from.
a. the geographic distribution of the earth's albedo
b. cloud cover, -

~¢. non-uniform 1llumination of the‘earth'by the‘sun;

v The time—variability of the'radiation field has annual and
diurnal periodicities  of astonomical origin,: onto which are super«
‘posed seasonal and meteorological variabilities due to variability
of vegetation and cloud cover and to the circulation of the
atmosphere respectively. At the scales which 1nterest us, the
spectrum of variations is thus random in neither time nor space
It can be taken that the minimum variation period of the local
radiation field due- to convective effects on a meso-meteorological
scale which has a cascade effect on the" temperature and water-vapor
~distribution fields is of the order of 6 ~hours.  This Justifies
the climatological practice of observing the meteorological variables
every 2 hours. ' ' ’

The upper limit on the spectrum of variations in the spatial
distribution of the radiation field .(the shortest periods) is "
»determined in practice by the nature of the’ cloud cover,

It is thus at the surface of the earth that the Variability /97
“of the radiation fluxes in space and time is greatest. It can be
"«seen qualitatively that. to the extent that the surface across which

K . the fluxes are being considered is different from the surface of

the earth, the relative amplitude of the flux variations wben the:
detector is displaced decreases rapidly. Consequently, the altitude
- above the earth's surface for which the flux is determined flxes the
bspatial and temporal scale of the phenomena which can be studied
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2. OBSERVATION OF RADIATION FLUXES AT SATELLITE ALTITUDE

'2.l "TheWProblem

Knowledge of the spatial and temporal distribution of the
incident'Solar flux E31’ of the outgoing solar flux E p? and of the
outgoing infra-red E allows usto determine the planetary radiation
balance density at a given 1nstant' s

' 6. - E =& )dS BRON

i { ;
Q. = e E(t)ds = J [
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as well as the mean planetary radiation balance for a’ given interval
'At:tl_CO . .

P *I-"f'E a @
Ppae TUEEE Jav s, T T S

This is meaningful only if the function E=E(lgth) is known ‘
, accurately enough from observations made at altitude h. In spherical
coordinates, it can be represented in the form of a series of |
‘spherical_harmonics Ym,n(lig) : ‘ e '

. »Eh.(‘l'\g’t__)' a ’:‘,m’n ‘Am,n‘(&'.‘)' Ym«’n(yl)g.) ( ) ._‘ )

N where the coefficients A' n depend not only on the distribution to
m, , :

vtn:be described but also on time.

If the'distributioniis‘uniform and constant: | E(Leo) = E5

- and"a single.measurement is enough; 1if it varies only with timei =
| E, (1,8, t)=E(t) . ) 31ngle pOint of the surface would have to-
.be observed continually. That is not the way things are, and one
must pose the famous sampling problem: :
a) how.must the measurements be distributed and how many
: must be made over a sperical surface at altitude h,
'lb) with what periodicity should they be repeated 1n time |
e) w1th what precision do the measurements need to be made



vso that the balance can be known at any place and 1nstant W1th a
given precision? ' '

- Answers can be given only if one know the. R OR 7coeff101ents
o of the series Wthh exactly descrlbes the h(hgm) : functlon '
'ee\necessary for calculating the dlfference

LB (e e) = By (Lg,n) - Bi(Lg,e)
I VY () - a n(;)) LA O N (O

Somyn . Tm,n

'where the ﬁ,{ . are deduced from the. measurements really made by
’ whatever means are available In additlon, they do contaln errors ,

The errors in the planetary radlation balance den51ty at a.
glven moment and in the mean for a glven perlod are glven by.‘,

‘ Rl Y [SUPRIPA -1
"Aéh,P,t 3 »[S AEh'S(l"g':) ds IR () C
L TR SR
and
U o :
8%,p,00 " ST [At fs O, (Lhg,t) ds de - (6).
respectively.

‘Objective knowledge of the7Amn“)l coefflclents can come only

“from measurements made with an ideal observatlon system which
provides ovepr- -sampling 1n space and time, and which glves measurements
free of errors. Settlng up such an ideal case would be utoplan, 80

BB (LoBatds 80 p el and My,pac have to be evaluated elther from a
distribution model CELge)i which runs the rlsk of not belng
realistic enOugh or from possmble fragmentary observations wbich
do come from lumlnance measurements.»' '



Using these functions, a field showing a space~time variability
comparable to that of the field can be constructed, even though : |
some simplifying assumptions‘must be introduced, which‘will not
: change the conclusions being sought 1n any fundamental way.

2.2 " Rlements for an Evaluation

The 1images obtained from geostationaryisatellites could

- make a good baSis for evaluation ‘The spectral luminance observed

~in the vilisible is certainly the one which has the highest variability,
by making the assumption -- approximate but acceptable for the

purpose =-- ‘that the radlation is reflected isotropically or according
to a model that takes the height of the sun into account, the reflected
“monochromatic flux distribution can be calculated The increment
length of the net must be taken small enough to prevent any
undeSirable filtering._,‘ _

‘Repeating this calculation for observations made from other -
'geostationary satellites and from one or another sultable polar
satellite would give a model of the reflected flux distribution at a
selected altitude (tropopause 500 Xm, 1000 km) which would represent
the most variable component of the field w- that 1s, the one which
determines the spatial and temporal density needed for.sampling Since

it ds in prin01ple free from any: blurring due to the response: time-‘
of a wide-field 1nstrument this model will serve. as ‘the basis for :
- numerical simulations for reconstitution and for optimizlng the B
s1configuration of the observation system

The variables to be con51dered for a given altitude h are the'

kjnumber of satellites and their OPbltS.:q

Studies by J. Schniewind (l978) deal With the sampling
capability of a system of satellites; in the one by G, G. Campbell
and T. H. Vonder Haar (1978), a model of the ‘field to be sampled was
also considered. The conclusmons ‘obtained are a first apprOXimation e
to meeting the problem, but more thorough studes and more pre01se /99
and explicit conclusions are needed ' SR
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In addition to answers to the questlons already asked in
Section 2.1., one will have to be able to obtain from them:
a) the 1nstrument response time for pyrradiometers and B
o pyranometers so that they will not filter out real
‘variations in the field during the measurements;
b) the required sampling rate along the orbit;
¢) the instrumental pre0131on needed, ‘consistent'with the
‘choice of a selected observation system;
‘d) the effect of altitude chomce on the variability of the
radiation fields;
~e) the precision, the resolution in the measurements, and
the type of observing system needed to be able to consider
- deconvolution of observations to the surface of the B
tropopause; G. G. Campbell and T. H. Vonderhaar suggest
it, especially to be able to normalize measurements
made at different altitudes to a reference altitude.

‘ It seems to. us extremely important that there be a demonstrav'
“tion, based on numerical 51mulation that it is possible to decon-
volute flux measurements at satellite altitude to the level of the

tropopause.

A comparison of resUlts’and,éffort required (number of
observations needed, computer time, precision of measurements, etc.)
to meet the stated objective from measurenments by wide-field radiometers
or high-resolution scanning radiometers (Section 3) would be extremely
_ useful in showing the extent :to whioh they are complementary

3. LUMINANCE OBSERVATIONS

3.1. " 'The Problem

Since 1t is necessary to determine the net radiation fluxes,
in particular, at the tropopause, high—resolution scanning radiometers
are used to reconstruct the outgoing fluxes and the net flux at the



:desired height, starting from’measurements, the'models, and the

assumptions.

The sampling problem developed in Section 2 applies directly
_ ‘to the fluxes which can be obtained by calculations from luminance’
.  measurements., This becomes. complicated, however when new questions
- arise: ‘ v
- How should the surface’of the.earth’be>30anned?
- How should the reflection pattern be‘determined?
- How‘can the quality of‘the}measurements'be‘assured?

‘ These problems appear as soon'as one gets down to defining,
. the scanning radiometer. They are not generally approached in a
ilogical manner and the user is often obliged to settle for an -
o instrumental configuation 1mposed on him. - " |

"When he can say what he WantS‘ he runs into technological

"‘f'difficulties, and is generally led to accept trade-offs which are not

foptimizations based on subsequent processing. Let us try to take a
~jlogical look at possible acceptable compromises '

3.2, Scanning ‘the EarthPS'Surface’-v'

Ideally, the user wants to have a detailed image of the
earth's surface —- "like a photo"w—u at each point (l,g,t) JIf the
" measurements - are obtained With a detector which has® constant spectral

(reflected plus emitted) and with a detector which has uniform

~ sensitivity from ‘the UV to 3um and 1s' insensitive beyond tbat for the

-reflected radiation, the corresponding fluxes at satellite altitude
can be calculated and the results compared to measurements made .
directly with a pyrradiometer and a pyranometer.

This excesslve requirement due to the 1nformation den51ty S
which it involves -- related to ‘the choice of detectors it imposes
and to their response times ~- can be met with various types of

scanning, more or less dense and w1th various spatial resolutlons



On what principles should the cﬁoice be based?

First of all, we note that very high meaéurement résdluﬁion
is justifiable only if it can be used: that is, if the mathematical

1':reconstructlon of an image from the number of available measuring
~Points in it allows resolution of a spatlal variation period of
w'tw1ce the resolution, If this is not the case, the measurements will
fappear to contain noilse Whlch alters them and keeps them from being
used.,

scanning an image de termlnes the optimal spatlal resolutlon ~and

vice versa. Thus, it will not necessarily be possible to reconstltute

- the real variability (Sectlon 2) of the field observed, but the
-real need for doing so will depend solely on the spatial scale aimed
at for the particular appllcatlon. '

How must the points observed be distributed?

This can be done accordlng to a uniform angular distribution,

2 uniform distribution over the ‘surface of the earth, or any other

profitable dlstrlbutlon (cf. Sectlon 3.3.). This distribution could
also be sychronlzed to the radlometer or to terrestrlal coordlnates

In both cases, the first method is in pr1n01ple easier for
the builder, and the second .is more loglcal and. espe01ally more
efficient in terms of the obJectives of the user -- partloularly
for establishing more representative statlstics for the\lumlnances

;. measured systematlcally at Varlous tlmes on a tragectory for points

with coordlnates flxed from one image to another.

In addltlon, such an option would be advantageous 1f it were_’

‘combined w1th p0331ble retransmi831on 1n real tlme..

3.3, jeDetefmina%ibn'ef‘ﬁhe'Reflebtion'Pattern

fsince reflectien'bfﬂsolaf_radiation'isenot'isotropic, but

16 .



'depends on the fype of surface and the height of the Sun the

_ actual precislon of the result of calculatlng the flux reflected at
.”a given altitude above the earth's surface depends on the precision /lOl
 with which the angular distribution of the reflected flux is known.
how many luminances must be known, with what

‘Hence, one must ask:
so that one can calculate the

precision and what angular distribution,

 ‘v_tota1 flux reflected byfa;selected surface'isvpot‘necessarily,unif@rm?

N

““QDeflnatlon of symbols

' "T 1'g‘3lat1tude and longltuQe of satelllte y“'5"" o

"x,¢'*lat1tude and longltude of area observed«
" h ‘ achCude : . . LI :



Lacking the required number of measurements, what is the
error introduced by the models how well do they represent reallty,
and how can the models be made more sultable?

Since the total flux reflected by a nonfunlform surface S
(SOlld angle W ) is glven by the relatlon,_

11'/2 P Lo )
we | 'tJLu.s.ce,w Jeos 07 dulX |
0. ‘0 :
cos 0. sin 640 dw (7)

two basic principles must be followed:

‘, a) The measurement of ‘the flux reflected in a given direction .

e, Y in a solid angle w from the surface of geometrlc

12
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No(A,6,8,0,9) = fw L(1,8,t,0',9") cos 0' dw (8)

b) During each satellite passage when the spot with
coordinates A ,0, can be observed, it should be done with
the greatest number of angles p0851b1e, compatible with
the limitations imposed by Section 3.2. It is also necessary
" that at each angle of incidence'(¢-w)lthe"same'3urface
(A,6) of known area'on}thefearth';A'and'only‘that -~ be

This way of working insures that maximum information is
acquired in minimum time, while guaranteeing that the conditions of

 reflection remain constant and that surface S remains well defined
from one image to another.. If is definitely this latter requirement
 "Wh1Ch is hardest to reallze imstrumentally,’and whlch will guide
the de31gn in any event. S

. A scanning radiometer with novmoving:pafts of the LASS (*)
type but meetlng the spectral ‘sensitilvity condltlons glven in

Section 3.2., with a microprocessor calculating integrals (8) could
- be the instrumental conflguratlon desired.

The two principles given above and the considerations of

‘Section 3.2, gulde the choilce of acceptable scanning, as well as the
periodicity of image-taking and of their sampling, which must be
~such that the zenith displacement from one complete image to the next

will correspond to the projection onto the earth's surface of the_}_'

~distance travelled by the satellite during the time needed for a

complete scan of each image. We have to reallze that the'instrument_
which will really satisfy the user must still be developed. It can
be hoped, however, that w1tb a reasonable amount of 1mag1natlon

‘and ability it will come about.

,3ﬁ4.v Quallty‘and‘PreCiSion'bf'Measurements

In order that the quality and precision of’the-measurements'

© . * Instrument developed by the European Sapce Agency (LASS - Land ' '13.,

Appllcation Satellite System).



can be guaranteed, it'is necessary that they be well defined, as

indicated in Section 3.3. The output 31gna1 must be proportlonal

'd”to'the‘totalior‘s01ar'ontgo1ng flux‘from the observed area of the

~ground, in solid angle w centered on the satellite. The effects of

“the non-uniform distribution of reflecting surfaces and of their
partlcular spectral characterlstlcs are thus dlrectly taken into

~account in the measurement.

_ Callbratlon 18 usually done on a "black body" whose temperw
ature and emissivity are known accurately. One of the difficulties

- to be overcome, which has an effect on the.geometrlc configuration
~used for the scanning radiometer, is the"cloSeness of this source.
"It could also be a dlffus1ng surface exposed to solar radiation,

prov1ded its characteristlcs are, accurately known and stable over

time. Another possibility is to use the sun itself as the source.

In any event, calibration is a difficult operation, which
can profitably be checked by comparison of the flux reproduced by
calculation_with the'flux.measured'directly by pyrradiometer and

pyranometer,
I, ~ CONCLUSIONS

Determlnatlon of the radlatlon balances and their components
”depends heav11y on sampling in space-time and on the fluxes both
‘when they are measured directly and when they are reconstructed from
luminance measurements combined with models'énd assumptions. Another.
~sampling problem ‘comes 1nto play, one which bears on the valldity

of the reflection pattern models used

Before one can set up an-observation system logically de51gned
to measure the terms of the radiation balance, it is thus 1mperat1ve
to find answers to ‘the Various questions which have been ralsed
-using numerilcal simulation. It is to be expected that only an overall
~view combined with a pragmatic approach will allow; 1) a proper
statement of the problem, and 2) development of’the'appropfiate'
instruments, defined as a function of the scientific'and‘metrological

14



necessitlies, which are also designed to be integrated into a
coherent, uniform observation system.

The absolute jnt@ﬁﬁtkmal'oooperation required for its

' v organization and implementation'would have to submit to some

~inevitable to inevitable standardization required by the'strategy

to be followed in order to reach the objective. The two instrumental
techniques, widé—field and high-resolation, supplement each other
to'£ill in gaps each has. They are complementary. |

150
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