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SUMM ARY

Radiation charts are widely used for computing atmospheric
radiation. Computations with a radiation chart are cumbersome
and laborious. A computerised version of the radiation chart

is desired if many infrared fluxes have to be calculated. 1In
the near future we may need such a computer calculation as

part of an energy balance model of the earth's surface. Also
for calculating the radiation flux divergence a computerised
radiation chart may be useful. The calculations are based on
the Elsasser chart (1942), using input data from tables of
Elsasser and Culbertson's (1960). The computer program can be
used for calculating infrared fluxes at every level in the
atmosphere, downward as well as upward. The presence of clouds
can be included in a simple way. In some unavoidable approxima-
tions (e.g. the pressure profile assumed) emphasis has been laid
on the accuracy of the calculations for levels not higher than
the first few kilometres. The total of the inaccuracies intro-
duced by approximations in the calculations is not more than a
few per cent. This figure should be compared with inaccuracies
introduced by Elsasser's concept, which may be of the order of
ten per cent. The computer time required for the calculation

of one radiation flux is about one second (Burroughs B6700
computer).



SAMENVATTING

Voor de berekening van de atmosferische straling (infrarode
stralingsflux) worden vaak stralingskaarten gebruikt. Het
werken met deze kaarten is omslachtig en tijdrovend. We hebben
daarom een computerprogramma ontwikkeld, dat de berekening met
een kaart nabootst. Sleéhts het temperatuur- en vochtprofiel
van de atmosfeer moeten in de vereiste vorm aan de computer
worden toegevoerd. De berekening is gebaseerd op de stralings-
kaart van Elsasser (1942), waarbij gebruik is gemaakt van tabel-
len van Elsasser en Culbertson (1960). Het computerprogramma
kan worden gebruikt voor de berekening van r.eerwaartse en op-
waartse infrarood stralingsfluxen op elk niveau in de atmo-
sfeer. Er is getracht fouten ten gevolge van enkele benaderin-
gen zo klein mogelijk te houden voor de eerste paar kilometers
van de atmosfeer. De fouten, geintroduceerd door de gevolgde
rekenwijze, bedragen niet meer dan enkele procenten. Benaderin-
gen in het rekenconcept van Elsasser kunnen aanleiding geven

tot fouten van zeker 10 procent.



CONTENTS

List of symbols

1e The radiation transport equation
2. Elsasser's treatment of the radiation transport
equation
2.1 A pure gas
2.2 Mixture of gases
2.3 Upward terrestrial radiation
2.4t Clouds
3. Comments on Elsasser's formulation
4, The calculation of the atmospheric radiation in
practice
k,1 The H20 contribution
4,2 The CO2 contribution
4.3 Additional procedures for H,0 and CO, at low
temperatures
S5e Some remarks on the calculation procedure followed
51 Inaccuracies introduced by the calculation
procedure
5.2 Sensitivity of the calculated atmospheric
radiation to the input parameters (temperature,
humidity, height)
6. Conclusion.
APPENDIX I. The CO, contribution

2

APPENDIX II, The flux discontinuity of Charlock and Herman

APPENDIX IIl. Comment on the computer program

REFERENCES

W

o U F W

10

11

11

12

12

14
17
20

2>



LIST OF SYMBOLS

=

O -

o

subscripts

o

e

black-body spectral irradiance at frequency V

downward longwave irradiance

idem, at frequency v

water vapour pressure

acceleration of gravity

relative humidity

generalized spectral absorption coefficient
atmospheric pressure

radiation quantity, defined by Eq. (11)
water vapour mixing ratio

radiation quantity, defined by Eq. (13)
temperature

idem

reduced optical thickness

height

dry adiabatic lapse rate

frequency of the radiation

gas density

spectral transmissivity for isotropic radiation

- reference level

upper level of the atmosphere, where T = 193 K

step in the numerical integration procedure

idem

mbar

mbar
Wm"'al(_1
kg kg~
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A COMPUTER PROGRAM FOR CALCULATING INFRARED FLUXES

W. Kohsiek

THE RADIATION TRANSPORT EQUATION

Consider a layer of gas with thickness 2=z and with an arbitrary
temperature distribution T(z). Let us suppose an isotropic black-
body irradiance at frequency Vv,B (T(z)),on the top of this layer.
The radiation reaching level z_ due to
B, (T(z)) g o
this black-body radiation flux only is:

T T T T T TR B (e = B(T(2)  rplz-z) (1)

) where TF(z-zo) is the spectral flux
transmissivity of the layer z=2z for
isotropic radiation. The transmissivity
T depends on the pressure and tempera-
ture distribution in the layer 2=2

Z but given the distribution functions,

Ty may be considered a function of z-z
Fig. 1 Only'

Now, if we add an infinitesimal slab with thickness dz and
temperature T(z) on top of the gas layer, the radiation flux at
zo will not change, because the slab dz emits the same amount of
radiation as it absorbs (provided that there is no scattering of
radiation, and there is a local thermodynamical equilibrium).

So the radiation flux arriving at level z is still B (T(z)). The
flux at z, is composed of two components: first, the transmitted
part of the black-body flux:

dTF(z~Z°)
Bv(T(z)) tr(z+dz-z°) = Bv(T(z)) tF(z-zo) +——— dz (2)

and second, the radiation emitted by the slab dz, reaching level
zg» which we will denote by dE*(zo).



We still do not consider the radiation emitted by the layer

2=2 . So we have:

dTF(Z-ZO) .
Bv(T(z))‘tF(z-zo) + ——5—— dz| + dE} = Ev(zo) = Bv(T(z))Tj.(z-zo) (3)

From this follows:

dt.(z=2 )
F 0
P dz (4)

dE! (z) = - B,(T(z))

This is the radiation flux at zZ, due to the radiation emitted by

the slab dz, and the subsequent absorption of the layer Z=Zg
Then the radiation flux at z, due to emission and absorption of

the whole layer Z=2 without considering an external radiation
flux at level z, is:

Z Z

dt (z'=z )
BY(2) = [ ,(z) = - [0z —Egr® g (5)
%o %o

and

z dt(z'~-2 )
E*(zo) = J{ dv E:(zo) = - f dv // Bv(T(z')) _—EE;T-—E- dz' (6)

v z
o

This is the integrated version of the radiation transport equation.
The transmissivity TR shows a pressure- and temperature dependency
by line-broadening effects, which may be approximated by<C p vT.
It is therefore convenient to express the path in the atmosphere

in terms of the so-called reduced optical thickness u, defined by:

z T 3 '
ulz-z ) = { 'TT%TT -Riggl dh(z'-z ) , (7)
z'=2
o
Z.
h(z'ez )= /p(z") dz" (8)
Z
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To and P, is the reference state (usually 293 K and 1013 mbtar).
p(z") is the gas density at level z". 1In practice, the vertical
thickness is not expressed in units kg m_z, but in cm precipitable
water, or, for other gases, in the equivalent thickness of the gas
layer if it were at standard pressure (1013 mbar) and temperature
(293 K). The dependency of Tp On the frequency is modelled by

the generalized spectral absorption coefficient Lv' which is a
smoothed quantity over the many spectral absorption lines, so that
Lv varies only slowly with frequency v. Tp May now be expressed
as a function of the product of Lv and u:

TF = TF(LV . u) (9)

and the radiation transport equation is written as:

u
’
dt (L (u-u_))
E‘(uo) = -‘] dvA( Bv(T(u)) F dz °  au (10)

u
v (o}

The upper integration level u, is the upper boundary of the atmo-
sphere (above which there is no optically active material). The
dependency of Ty on (L,.u) follows from laboratory measurements,
so if the profiles of temperature, density and pressure are known,
it is possible to calculate LY with Egqs (10), (9), (8) and (7),

in case of a pure gas (in practice only HZO' CO2 and O3 are of
importance. Other gases, like chlorofluoromethanes, are not con-
sidered). In case of a mixture of gases, it is not correct to add
the results for the constituents because of overlap of spectral

lines; special correction procedures have to be followed. We shall
return to this matter in section 2.2.

ELSASSER'S TREATMENT OF THE RADIATION TRANSPORT EQUATION

A pure gas

Elsasser (1942) reduces the double integration in (6) to a single

integration by introducing the quantity Q(u,T), defined as follows:
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©0

dB,,(T)
Qu,T) = 3T TF(Lvu) dv (11)

o}

After some mathematical manipulations, the radiation transport
equation is transformed to:

T

o T1 P
E"'(zo) = f Q(o,T)aAT + / Q(u(T),T) 4T + ]Q(uq,T)dT (12)
o To T1

Here, the integration variable is T instead of u in (6).

T,= T(z=z°), T,= T(z1) and u(T°)= O. Expression (12) is the basis
of Elsasser's radiation chart. The integrations in (12) constitute
an integration along a closed path in the Q,T plane. The first
term on the right hand side of Eq. (12) is the black-body radiation
at temperature T (this follows from the definition of Q(u,T), and
from TF(O) = 1). The second term can be determined if the tempe-
rature- and humidity profile of the atmosphere are known.

Eq. (12) may be simplified by introduction of the quantity R(u,T):

R, = L8 - qu,n (13)
T1 o]

EY = - [] R(u(T),T) 4T + /R(u,T) dT:l (14)
T T4 1
(o]

where B(T) is the total black-body emittance at temperature T,

Flsasser and Culbertson (1960) present tables for R as a function

of u and T, and for ff R(u1,T) dT as a function of u,, where T, is
chosen at 193 K, for three spectral regions of the water vapour
spectrum and the total HZO spectrum, CO2 and 03.

Mixture of gases

The atmospheric radiation at the earth's surface is principally
emitied by water vapour, but also CO2 and 03 contribute. In cal-

culating the radiation, mostly only H20 and 002 are considered.
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The contribution of 03, which is 1-2 % at ground level, is left

out. Elsasser and Culbertson (1960) account for the CO2 contribu-

tion by replacing TF(Hzo) by TF(HEO).TF(COZ). (See Appendix I).
Next, the quantities Q and R are corrected by 4Q and AR respective-

ly, which are defined by

¢ dB,(T) |
AQ=«AR = / —37— “p(H,0)[1-7(C0 )] av (15)
(¢]

Since the effect of the 002 correction is in practice most important
in the lowest layer of the atmosphere, Elsasser and Culbertscn only

present tables of AR as a function of quo and uco2 at a temperature
of 293 K. At very low temperatures, however, the correction must go
to zero. For instance, Yamamoto (1952) curves his CO. correction

lines down below T = 160 K, It can be shown that the2CO2 corrections
of Elsasser and Yamamoto are formally the same. (See Appendix I).
Therefore, we recommend to apply the correction AR not to the whole
integration path from T = T1 to T = O in Eq. (14), but to part of it.
From Yamamoto's CO2 curve we estimated the equivalent block-shaped

CO2 correction extending from 193 to 133 K.

Upward terrestrial radiation

The upward terrestrial radiation is defined as the sum of the com-
ponents (1) surface emission; (2) long-wave radiation reflected by
the surface and (3) upward atmospheric radiation as received at the
level of observation. If the emission coefficient of the earth is
assumed to be equal to 1, only the first and the third component
contribute, and the upward radiation can be computed with the
Elsasser scheme in a simple way. If T, (Eq. (14)) is supposed to be

1
o (black body), so:

t}

the surface temperature, u1(T1)

(o] (o] o
[ R(u,,1)dT = [ R(w,T)dT = /' dgéT) ar = - B(T,) (16)
T, T, T,

since Q(w,T) = 0 as a consequence of TFGn) = 0 (Eq. (11)).
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The other integral of Eq. (14) has to be determined with the

temperature- and humidity profile of the atmosphere between z

and the surface.

Clouds

If there is a cloud cover present with base at level Zy9 the
downward terrestrial radiation may be computed along the same
lines as the upward terrestrial radiation. It is assumed that
the cloud cover is a black body at level z,, with temperature T1,
so again u1(T1) = o, and Eq. (16) can be applied. In case there
is a fractional cloud cover with different base heights, the

separate contributions may be computed.

COMMENTS ON ELSASSER'S FORMULATION

Zdunkovski et al. (1966) pointed out that the transmission function
Tp shows a double dependency on temperature: first, T is a func-
tion of the gensralized absorption coefficient Lv, which depends
slightly on temperature (by the Boltzmann population factor), and
second, it depends on u(T). Elsasser and Culbertson omitted these
implicit dependencies in the construction of their radiation tables.
Zdunkovski et al. corrected Elsasser's formulation, and present new

tables for the quantity R(u,T) for the total water vapour spectrum
0

CO,. The tables for TI R(u1,T)dt (see Eg. (14)) need no correc-
1

tion, because this quantity is empirically determined.

The discrepancies between the new tables for R(u,T) and the uncor-
rected ones are of the order of 10 per cent. As a consequence,

the calculated infrared fluxes also differ by about 10 per cent.

It is also argued that the correction for the H20-CO2 overlap is

not independent on temperature, as Elsasser assumed. The differen-
ces in the AR values may be considerable, up to a factor 2 or 3.

The corrections of Zdunkovski were questioned by Charlock and Herman
(1976). These authors show that the Elsasser scheme contains two
internal mathematical errors, which are self-cancelling. As a

result, the procedure of Elsasser and Culbertson for the evaluation
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of downward fluxes for a '"real'" atmosphere gives correct numerical
results, whereas Zdunkovski's correction for isothermal slab fluxes
should be proper. In a joint comment, Charlock, Herman and Zdun-
kovski (1976) reduce the differences in point of view to different
approximations in the simplification of the radiation transport
equation. They conclude that both solutions are approximate, and
the last word should be to the measurements. We may add to the
discussion that, first, the conclusions of Charlock and Herman
regarding isothermal and non-isothermal slab fluxes lead to un-
realistic physical discontinuities. This is explained in more
detail in Appendix II. Second, Staley and Jurica (1970), who cal-
culated isothermal slab emissivities from Elsasser and Culbertson's
original generalized absorption coefficients and flux transmissivi-
ties, without using Zdunkovski's corrected R function, show that

their results are in good agreement with Zdunkovski's.

Concluding, it seems that Elsasser and Culbertson's calculations
for isothermal slab fluxes are about 10 per cent in error. The
results of Zdunkovski et al., Charlock and Herman and of Staley and
Jurica agree on this part. Charlock and Herman's expressions for
isothermal and non-isothermal slab fluxes show a non-physical dis-
continuity, whereas Zdunkovski's do not. So one is inclined to
prefer the latter calculations to the former, but it should be kept
in mind that for a non-isothermai atmosphere all the calculations

discussed here are only approximate solutions of the radiation

transport equation.

THE CALCULATION OF THE ATMOSPHERIC RADIATION IN PRACTICE

The H.O contribution
o

T4 o
The quantities [ R(u(T),T)dT and fR(u1,T)dT for water vapour
T T,

have to be calcugated. The relation u(T) is given by the temperature-,
humidity- and pressure profile of the atmosphere. (See next paragraph).
The values of the quantity R(u,T) are determined from tables of

Elsasser and Culbertson's (1960) (or equivalent tables of Zdunkovski's

et al. (1966), see section 3) by a quadratic interpolation procedure.
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The integration is carried out numerically. It should be noted
that in practice the highest observed level generally has a
temperature greater than T1 = 193 K; the way we provided for the

lacking temperature interval is discussed in section 4.3. The
o]

quantity .f R(u1,T)dT is obtained from tables of Elsasser and
T

Culbertson's, again by quadratic interpolation.

The determination of u is as follows:

(i) the atmosphere is divided in layers j = 1,2,..i, correspond-
ing to the integration steps in the numerical determination
T
1
of 'xj R(u,T)dT;
o

(ii) it is assumed that the pressure profile of the atmosphere
is that of an atmosphere with a dry-adiabatic temperature

profile, with temperature To'kyh zZ, and pressure Py = 1013
mbar at z = O:

7/2

(z) = p 1-—Y—d—- (17)
P o T°+deo

where Y4 is the dry-adiabatic lapse rate. The exponent in

Eq. (17) stands for cp/R, which is, to a very good approxima-
tion, equal to 7/2;

(iii) the reduced optical path u, between level j = 1 and j = i
is calculated with

i _bp. p. /T A\?
u, = Z Au,, Au, =q, —& —d <__2> (18)
iy 3 J J &8 Py \Tj

Ej = [q(zj) + q(zj_1)]/2 is the average mixing ratio of
layer j (in units kg H,0 per kg dry air); g = 9.81 ms™%
Apj = p(zj)-p(zj_1) and Py = [p(zj)4-p(zj_1)]/2.

]

As ap./g xp.(z.-2. ) here ©p. is the average densit
Py/8 = pylz5mz, 1)y W P g sity

Ap.
of the air of the layer j, qj . —El is the amount of water
2. (It is convenient to express this

quantity in units cm; 1 kg n% 2 107" cm).

in layer j in kg m_
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The humidity measurements of the radiosonde are often not
in terms of kg H20 per kg dry air, but in a relative measure.
The specific humidity is calculated from the relative

humidity H following Robitzch (1941):

e
0.622 ==

<;5§%f%§€ + o.78571>
H .10 (19)

Q0
]

o
1}

where t is the temperature in °C. The constants in (19) hold
for the case that the relative humidity is expressed as the

actual vapour pressure divided by the saturated pressure above

water, also for temperatures below O °C.

L,2 The CO. contribution

We start from the following assumptions:
(i) the CO, concentration is 0.033 vol. %;

(ii) the pressure profile of the atmosphere is that of an atmosphere
with a dry-adiabatic temperature profile (as for the case of
H,0; see equation (17)).

The reduced optical path between z and z, is calculated with:

z 3

Uy (z-2) = 33,1072 plz') | " . plz") ‘< "o ) dz' (20)

co, 2257 T 20 D, T(z') P, T(z")
Z

o

The first two factors of the integrand represent the variation
of the 002 density with height, the two following factors are the
pressure- and temperature corrections. Assuming cp/R = 7/2, and

neglecting terms with z, in the integrand, the integral can be
determined; the result is:

T Y 13/2 Y 13/2
-5 2 "o ol d
-z ) = =33,10"°7, =< =2 (1_ e - <1- — z ) (21)
““coz(z Zo 13 ¢ [ T, ” T, “o

with Uso expressed in m. The omission of Z, in the integrand of
2

(20) is not a serious restriction if z, £1 km.
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Given a pair of u u values, the quantity AR is determined
COZ’ HZO

by interpolation from a table of Elsasser and Culbertson's. The

T
contribution ,I1AR dT is calculated with the same numerical inte-
o

gration procedure as for HZO' The determination of the interval

TO-O is discussed in the next section.

Additional procedures for H.O and CO, at low temperatures
[ [

As mentioned in section 3.1 the lowest temperature observed in
the atmosphere (Tn) will in practice be often higher than T, = 193 K.

The contribution of the temperature interval (Tn’T1) is calculated
with:

T T T
1 1 1 3
J/R(u,T)dT 8 f’R(u(T ), T)dT z./ R(u(T_),T.) I gr -
n n 't g3
T T T n
n n n
_ 1A b b
= ¥ ;-3 (T, - T )R(u(Tn),Tn) (22)
n

The first step in (22) assumes that the atmosphere is completely
dry above level n. This is a reasonable assumption in case level n
is at the tropopause. For the second step, it is assumed that the

quantity R(u = constant, T)“lTB. This is only approximately true.

The CO, contribution for the interval (Tn,T1) is treated in the
same way. However, the quantity AR(u(COZ) = constant, u(HZO) =
constant, T) is not proportional to TB, but almost independent of
the temperature in this interval., The error made is small. The
002 contribution for the interval (T1,O) should not be equalled
to 193 x AR, because, as mentioned in section 2.2, AR decreases
sharply below T =160 K. We made the following estimation from

Yamamoto's COz—correction curve:

(o]

f AQ(u1(H20),u1(COZ)dt P 60‘AQ(u1(H20).u1(002) (23)
T

1
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S5e SOME REMARKS ON THE CALCULATION PROCEDURE FOLLOWED

5.1 Inaccuracies introduced by the calculation procedure

(1)

(2)

(3)

(&)

The procedure for the H20 and CO

tures between Tn and T1. (Ssee section 4.3).

The contributian of the interval (Tn’T1) may be calculated

> contributions at tempera-

by introducing artificial temperature levels in this inter-
val, instead of using the approximative expression (Eq. 22).
It is still assumed that there is neither H20 nor CO2 at
levels lower in temperature than Tn' The difference between
the two procedures is not more than one per cent.

The CO2 contribution for T1-O.

In Eq. (23) the effective temperature interval is estimated
at 60 K. If this had been 50 K, which is not impossible, the

total radiation would have been lowered by 1-2 per cent.

The pressure profile of the atmosphere.

We assume that the pressure profile is that of an atmosphere
with an adiabatic temperature profile. (See section 4.1)., If
we suppose the pressure profile to be that of an isothermal
atmosphere (so p/po =exp { - %% z}), the atmospheric radiation
is changed by only about 0.1 per cent. P, = 1000 mbar in
place of P, = 1013 mbar changes the result by about 0.06 per
cent. So the calculation is insensitive to inaccuracies in
the pressure profile assumed. The reason is that the cal-
culated optical path u is rather insensitive to the pressure
profile assumed, and that the radiation function R(u,T) is
not very sensitive to u.

The CO2 concentration,

We assumed [C02]e=0.033 vol. %. The calculated atmospheric
radiation is rather insensitive to variations of this figure;
e.g. in the extreme case of [002]:=O.030 vol. %, the varia-

tion in the atmospheric radiation only is 0.3 %.
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(5) O3

Inclusion of O3 in the calculations has a small effect

(1-2 %) on the calculated atmospheric radiation at ground
level.

Sensitivity of the calculated atmospheric radiation to the

input parameters (temperature, humidity, height)

In almost all cases the data from the routine radiosonde are
sufficient to calculate the atmospheric radiation with an error
not greater than a few per cent. Only in exceptional cases, if
e.g. there is a sharp, low-level moisture jump, a better resolu-
tion of the first few hundred metres than most radiosondes can
provide for may be necessary. The reason is that R(u,T), with
which LY is calculated (see Eq. (14)), is only a slowly varying
function with u, and LY is therefore rather insensitive to
errcrs made in the reduced optical thickness u. For instance,
if all the observed values for the specific humidity are lowered
by 20 %, the calculated atmospheric radiation will be about 1 %
less in a normal case. An error of 1 % is also produced by a
systematic temperature deviaticn of 1 K.

If cne is interested in the calculation of radiation divergence,
a detailed knowledge of the temperature- and humidity profile

in the region of interest is truly essential. In those cases
differences of atmospheric radiation have to be calculated,

which are often not more than 1 % of the radiation values

proper.

CONCLUSIONS

A computer program has been developed for computing longwave

atmospheric radiation fluxes. The calculation is based on the
Elsasser chart. The input quantities for the program are: the
temperature- and humidity distribution with height (these data
may be provided by a routine radiosonde), and values for radia-

tion quantities of H,0 and co, (from tables of Elsasser and
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Culbertson's for instance). The presence of clouds can be in-
cluded in a simple way. The error in the calculations, due to
approximations in the calculation procedure at lower temperatures,
the omission of the contribution of ozone, and other approxima-
tions, is limited to a few per cent. The error introduced by
Elsasser's treatment of the radiation transport equation may be

10 per cent or more. The calculation of one flux requires about
one second on a Burroughs B6700 computer. The computer program
may be of value if many fluxes have to.be calculated, e.g. as

part of a boundary layer model including the energy balance of
the earth.

-0-0-0~-



- 14 -

APPENDIX I : THE CO. CORRECTION
e —— [

In this appendix we will show that the CO2 correction procedures
of Elsasser and Culbertson (1960) and of Yamamoto (1952) are
formally the same. We needed this conclusion in order to arrive
at the procedure for the 002 correction at low temperatures, Eq.
(23).

Yamamoto's calculation of the atmospheric radiation at level z

is:

B(T_) B{T,)
E*(Tz) = B(T)) - Tp fu (T )}dB - /' vp-{u(T)} dB  (AI.1)
o B(T_)
where
—_— dB, (T)
relum) B [ Yo (1) av (AI.2)

Here, Yamamoto's notation is followed in part; T, is the temperature

at the boundary of the atmosphere, corresponding to Elsasser's T1.

The effect of CO2 is taken into account by reducing the trans-

missivity =%, with at_(u,u .
F F coa).

dB(T) 4B,(D)
A’L'F(u,ucoz) =T =/‘TI,—- {‘IIF(Lvu) - 'tF(Lvu) TF(ucoa)} av (AI.3)
(o]

The right hand side terms of Eq. (AI.1) can be converted to the
corresponding terms in Elsasser's formulation (Eq. 12, section
2.1):

T T, T,
EY¥(z) = ] Q(0,T)aT - / Q(u1,T1)dT - / Q(u(T),T)aT (AI.4)
o o T1

We put T1= T and U, =u . For instance, the third term is:



- 15 -

T T o
z dB, (T)
Qlu(T),T)ar = —3r TF(Lvu) dT dv =
'I'1 o
T B(T )
- I Jdumi S0 gr - j elu(m] a8
T, B(T,)

The CO2 correction, in Elsasser's terms, is:

oo

dB,(T)
8Q = | —35— wp(H,0) [1 - cF(qoa)] dv (AI.5)
o

Analogous to L¥(z) itself, the correction may be expressed as

the sum of three terms. The third term is e.g.:
T 00
f I j dB (T)
Tp (H0) (1 - 1F(coz)] dT dv
T T (o]

Analogous to the procedure for L‘(z), the correction may be con-

verted to the corresponding correction of Yamamoto:

T T B(T )

Z Z Z
f 4Q aT = J drg(uyugy ) GBI g - f 87g(uyugy ) B (AL.6)
T, T, %2 B(T,) 2

So, the CO2 corrections of Elsasser and of Yamamoto are mathematical-
ly identical. The numerical values of ATF g? and AQ are given

in table AI.1 for some values of uHao and sy . The differences are
due to a different choice of the transmission functions.
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Table AIl.1 Elsasser's and Yamamoto's CO2 corrections
~— dB -2 -1
uHZO (cm) uCOZ (cm) ot T Q (cal em “day ')
0.01 0.1 0.20 0.307
0.01 1 0.68 0.804
0.1 1 0.58 0.713
0.1 10 1.08 1.218
1 10 0.62 0.784
1 100 0.94 1.112

-0-0=0-
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APPENDIX II : THE FLUX DISCONTINUITY OF CHARLOCK AND HERMAN (1976)

Charlock and Herman's expression for the downward flux is:

T T,
° dB dB,,
LY = -ﬁ,— dy 4T + 7 ° (u(T),T) 4T 4v

F
o o) T o
o |
T1 4B, T " 8tp(u,,T)
(o] [o] (o]

T1 =193 K. Charlock and Herman show that this expression leads

to the same results as the expression of Elsasser and Culbertson
(1960), which is identical to (AII.1) except for the last (fourth)
term. This at first sight mysterious result is explained by
pointing out that the sum of the last two terms on the right hand
side of (AII.1) is the flux of an isothermal layer with temperature
T, =193 K and thickness u,, minus B(T1), which quantity is equal to
the third term alone of Elsasser's expression, due to the fact that
both quantities are determined in an empirical way. Now, if

we let a ''real" atmosphere with a temperature interval (TO’T1)
approach to an isothermal layer with temperature TO and thickness
L by deforming the original temperature profile to a block-shaped

one (see figure AII.1), expression (AII.1) will approach to its
limit:

T o T1
f” dBv
4 = -2 —2
L (To) = dT dy + 37 1F(u1.T) dT dv

o) T o

T T
- - T - — -
j 4T F(u1,T) dT dv j B, 37 (u1,T) dT dv
Q (o]

o O
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(- -} -]

TO TO
dB dB
- 2 - > ) 4T dv
= dT av 7 TpugT
(o] (o] (o]

1 amF
- B, 37 (u1,T) dT av (A11.2)

The interpretation of an isothermal layer following Charlock and
Herman is different from this procedure; they consider level To the
top of the "atmosphere" (in place of T1, as we did above) and give

the following expression for the isothermal layer:

T 00 T 00
. °} dB, °[ aB,
L (To) = I7 4T dv - I TF(u,‘,T) dT dv
o o o o
T o
° GTF
- B, 37 (u1,T) dT dv (AII.3)
o o
The difference with (AII.2) is:
LY (isotherm) - lim LY (atmosphere) =
isotherm
T
1 arF
= B, 3T (u1,T) dT dw\ (AII.4)
e}
o

Fig. AII."

Transition from a non-

isothermal layer (1) to an
isothermal layer with tem-
perature TO and thickness u

(3). 1




- 19 -

The inconsistency of Charlock and Herman's treatment may also be
demonstrated by showing that the downward flux LY depends on the
choice of the temperature T1: a different choice of T1 is com-
pletely compensated in the second and third term of (AII.2) (first
part), but the fourth term is not compensated,

It is interesting to note that Zdunkovski's (1966) treatment of
the radiation transport equation leads to an expression for LY

identical to (AII.2), except for an extra term:

T1 v2 ;
F
BV 3T (u,T) dT av
v
o 1

The sum of this term and the fourth term is independent of the
choice of T1. s0 there is no inconsistency in Zdunkovski's
equation. Also the treatment of Elsasser and Culbertson, which
hides mathematical errors, leads to a consistent expression for

the radiation flux.

It may be noted, finally, that the origin of the inconsistency
mentioned above may be traced back to the approximative solution
of the radiation transport equation. (See also the discussicn by
Charlock, Herman and Zﬁunkovski (1976)). 2dunkovski's approxima-
tion is different from that of Charlock and Herman, and alsoc
different from that of Elsasser and Culberison. Elsasser and
Culbertson did avoid discontinuities of the kind discussed above

at the cost of mathematical inconsisteneies.

Qe QeeQn
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APPENDIX ITI : COMMENT ON THE COMPUTER PROGRAM

7

10.

M.

A copy of the program, and an example of the output may
be found hereafter. The program is written in ALGOL for
a Burroughs B6700 computer,

The input format is: < 3I2, Ik, X1, F6.1, F.5.1, F6.2 >,

day, month, year, time, height, temperature, humidity.
For every height one card is required.

The last card with input data has to be followed by a blank
card.

Then, the procedure may be started again with a new set of

data cards.

The humidity may be expressed in per cent as well as in
gram H20/kg air. In the latter case, the number should be
raised by 100,

The temperature is in OC, the height in m.

In case the first height interval is very small, the water
vapour path for this interval may be less than 10~° cm,
which is the loweét tabulated value. The program gives the
error message 'array limit exceeded", For example, this
happens if the height interval is less than 0.16 m at a
specific humidity of 10 g/kg.

Data cards with an input temperature lower than -74.9 °C
are skipped to prevent that the limit of the radiation

array Ry O(u_,T) is exceeded.

2
The tables for Ry O(u,'i') (from Elsasser or Zdunkovski),
o} 2
for J RAT and for AR (both from Elsasser) are to be
193

read from card every time the program is executed.

The first output line gives the number of the day, month,

year and time.

The next columns correspond to the steps in the numerical

integration procedure.
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o
12, The quantity / Rd4T is denoted by "aanvulling 193-0K",
193

o
13. The quantity J Rd4T (Ti is the temperature on the last
T

i
data card) is denoted by "aanvulling tot 193 K en 193-0 K",

14, The radiation flux, in units cal cm-zday_q, is denoted by
"totale straling". The next line gives the same quantity,
in units Wm-z, and the corresponding emission coefficient,
i.e. the radiation flux divided by (IT: s where To is the
temperature on the first input card. Also the black-body
temperature, equivalent to the calculated flux, is given

("stralingstemperatuur"),

In the following some comments on the computer program.

00009000 - 00025000. Procedure INTERPOL (11,Y3,VERSX,S).
This procedure computes by a quadratic interpolation procedure the

value of Y(X), where Xe(X(Y1),X(Y3)), and VERSX = min (lx-x(y1)|,

IX-X(Yz)l, |X-X(Y3)| : Y1, Y2 and Y3 are successively tabulated
values. S indicates whether the interpolation is in U(1<s8<22),
or in T(8=100),

00026000 - 00057000. Procedure BEPAAL (I,VEKSU).

The procedure determines the integer number I, which is the number

of the u-row of the matrix (2-dimensional array) R(u,T), with a
value for u nearest to a given u-value. The difference of the

given u-value and the u-value of the Ith row is VERSU.

00058000 - 00079000, Real procedure RADIAT(U,T).

This procedure calculates the value for R(u,T) by interpolation in

u and T. In this procedure the two foregoing ones are used.

00080000 - 00081000. Read statement for R(u,T) (R[1,J)).

(o]
00082000. Read statement for | R(u,T)dT (RLAAG[I]).
193

00083000 - 00084000, Read statement for AR(CO2 correction)
(RCH2(J,1]).

00086000. Read statement for the first input card of the

temperature- and humidity profile of the atmosphere.
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00087000 - 00088000. Pressure calculation for the first level (PB).

00090000 - 00094000. Calculation of the mixing ratio (QB),

first level.

00106000 - 00114000, Like 00086000 - 00094000, for the next level.

00115000 - 00117000. Calculation of u(H20).
00118000. Calculation of R(u,T) (FHOOG).

00119000 - 00128000, Calculation of u(C0,) and of AR(RADIATCH2).

00130000, Step of the numerical integration procedure.
o

00139000 - 00140000. Calculation of f RAE.
193
(o]
00141000 - 00142000. Calculation of j’ RAT and of the (total)

radiation (F). T1
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BURAOUGHS B6700 ALGOL COMPILER,

nr
">
0o
u
([ ]
u 0

u

SOURCE TAPE:

BEGIN

COMMENT SEREKENING LANGGOLVIGE STRAL

VERSION 2.9.110, WEDNESDAY,

>
0 >

(KOHW)LANGSTRAAL ON TEST.

ING?

FILE CARJ (KINO=READER),LP (KIND=PRINTER);

INTEGER L»sJrKsN» INTERVAL »L,M»LH» A» CAG» MND

REAL ARRAY R(1:21,1:131,PLAAGL1221),
REAL U,T,F,FLAAG,VERSU, VERSUCOZ2, RADI

»JAAR,TY D}
RC02(1216,13191,RADC02(12151;
ATCO02,Z,T8 »TE»FHOOGB»F1{O0GE, UGEM »

TOASRY »PosPC »GAMMA,PWATER,QB,QE»UA»FREST »Z0 »FHUCG,ZB S

LASBEL GP,NOG,»AF, NTEUW» AANV,REST;
REAL PRUCEDURE INTERPOL(Y1,Y3,VERSX,
INTEGE R o5
REAL Y1,(3,VERSXS
BEGIN

REAL K1,X3;

(13 =-,05 X3:3=10;
[F S «EQ 100 THEN
GEGIN
X1:==0.45 X3:=0.3;
IF ENTIERC(S=1)/3)#3=5~1 THEN
BEGIN X13==0.3; ¥X3:=0.3 END;
IF ENTIERC((S=1)/3)23=5=2 THEN
BEGIN X1t==0.33 X3:=0.4 ENDJ
MO0 5
INTERPOL:=((Y1eX3=Y32X]1)e VERSX =
(X1 «X3e(X1=X3));
END INTE«POLS
PROCED URL
TATZCER .3
REAL VERLUS
BESIN
LABEL LA

BEPAAL (I, VERSU)}

INTEGeR L;
REAL uECS
[:=(EnTIER(U) +5)*3¢1;
DEC :=u=ENTIER(U);
If DEL>C.3 THeN
3EG IN
IF DEC<Q.7 THEN I:=I+1 ELSE I:
£:40
;
LA:
Li=(Ci=1)/3=ENTIERC(I=1)/3))e9;
IF L=uv THEN L:=73
VERSU:=L/105
VERSU:=DEC~VERSU;

IF VERSU>0.15 AND ENTIERCI/3) NE?

JEGIN
I:=1+1;
GJ TO LA

S);

Y1aX3#e2+Y3aX 1wa2)*VERSX/

=1+2

I1/3 THEN

05717 778,

01:51 PnM.

00001000
E.00C0 IS

1 €09202uw00
0000300¢C
UATA

UATA
003C4u0 0
00005u0C
006006400
602074600
00008400
00009¢00
00010v00
00011v0C
00012000
00013406
INTERPCL IS
2 00014000
00015.,06
C0016¢00

3 0001700
0001€¢0C
00019000

4 00020¢C0O
00021400
0G6022v00
3 000234000
00024000
00025000
INTERPOL (U0 4)
4 00026400
0C027000C
000280CC
00062900
C0030u0C
BEPAAL IS

2 000631000
00032600
00033000
00034000
00035u00
00036400

3 60037000
0003800

3 0003900
00040000
00041400
00042000
00043u0C
0604400C
00045000
009046000

3 C0047¢00
0604800GC

&

«

w

«

000:0000:0
CGMENT 00003
003:0C00:1
00 3:0000:1
IS 000S LONS
IS 0006 LONG
0033000021
003:0000:1
003:0006:1
603300061
003:0006:1
603:0006:1
003:000621
003:0006:1
003:000621
003:0006:1
EGMENT 00004
0C6:0000:1
004:0002:C
004:C002:5
004:0003:2
CC4:0007°3
006:000B:1
004:000F: 3
006:0013:2
004:0017:3
004:0017:3
c04:001C:0C
GC4:COLF:3
IS 0CL21 LON3:
003:0006:1
003000621
G03:0006:1
003:0006212
003:000621
EGMENT 00005
005:0000:1
605:0000:1
005:00002 1
GC5:00C3:5S
0CcS:000621
€05:0008:1
005:00C8: &
C05:00CE=3
005:000F:=2
005:00C0Fz 2
0C5:000F=z2
0C5:0014%1
0C05:0016:C
005:063517:3
0csS:co19:0
005:001E2
005:001E:5
G05:0C2032



ENY V004YCHEC  0V0220020¢3

ELSL IF VERSU>0.15 THEN 3 000%0L0C €05:0020:5
BEG IN 00651u0C 06053002321
I1:=1¢13 3 0005200C 005300234
VERSU:=VERSU=0.3 00053u0C ©05:0025%1
END 00654400 0053002630
; 3 G005S5L00 €0530028:2
JEND 0056000 0€CS5:0028:2
BEPAALS 2 CUOS74G0  (CS:0028:2
BEPAAL(GOS) IS OC2A LONS
REAL PROVCEQURE RADIAT(U,T)? 00¢58G00 032000621
YALUE Us4s 0005960C 0C3:0006:1
REAL U,Tj 0CG60000 G03:000621
BEGIN 00061460  GC3:0006:1
INTEGCR J»IH; C00R2uDC 003:0006:1
RADIAT IS SEGMENT 00006
REAL ARRAY RAD(1:211); 2 ¢0063060 00862000021
REAL JEC,VERST: 00CE6LLLO0 0C630000:1
:=ENTIER(T/10)¢9; CC065000 006:0000:1
VERST:=T+90=J#10; . 00066L00 GO06:0003:2
1F VEnST>S THEN 00067400 005:0005:4
BEGIN 00068400 00563000631
JizJdels 3 00069000 0C620006:4
VERST:=VERST=10 00070400 0063C008:0

END 00071000 00662000822
; 3 00072u0G 006:0009:2

’
BEPAALCI,VERSW 000G73¢U0 60630009:2

FOR IW:=1=1 STEP 1 UNTIL I+1 DO 00074400 0CK:20008:0
RADCIA):=RCIH,JTI+INTERPOL (RCIH, J=1 =R LIH,JI,RCIH, Je 1I=R{IH, 1., 0007500 GOHzDOOF:S
VERST,100); 00076000 006201031
RADTAI:=RADCIJ+INTERPOL(RADCI=1)-RADCII>RADCI+11=RADCI]»VERSU., )} 00077000 €06:0020:1
END 00078LL0C 006:Q02A:5
RAUIATS 2 C0079.60 005:002A:5
RADIAT (L0€) 1S AT 39 LONG
READ(CARU,/,FOR I:=1,1¢1 WHILE I1<22 00 FOR Ji=1,J+1 WHILE J<14 00080400 003:C0006:1
03 R(I,Ji)3 GOCBILO0 0C€03:00154
REAC(CARL, /,FOR I2=1,1+1 WHILE 1<22 D0 RULAAGCID; 00082400 (G03:0028:2
REAO(CARL,/»FOR I:=1,143 WHILE I1<20 DO FOR J3=1,J+1 WHILE J<17 0008 3400 003:00644:2

00 RCO 24,13 )3

00CBLU0G G03:0053:0
CUH:

00928500 ¢ 003:0069:2

REACCCARU,<3I12,14sX15F6.15F5.1,F6.2>,0AG,MND»JAAR, TYD, Z, TUA,RVIC _UP); 00026¢00 003:0069:2
GAMMA: =29.,852102%(=3)/(273+TUA+0.00985+2); P CO0B70UUG 003:0080:1
P3:=1013=(1=GAMMA*Z)»*3,5; P C0088¢0BO0 GO3:D0086:2
79:=T0AS 000890l G U03:00BA:S
[F RY > .00 THEN Q@B:=RV=~100¢ ELSE BEGIN 00090000 GO3:008B:4&
RV:=RY /1,05 2 00091u00 CC3:0C8E:S
IF T3 MNE. O THEN PHATER:=RV#10%+ (7 .5¢TDB/(237.3+TB)+0.78571) ELSE G0G22u000 003:C090:1
PHATER $=4Ve10e2(9.5«TB/(265.5+T8B)+(.78571); 0079300 003:009%:1
AB:=PAAT_R/(PB-PWATER)*622;END; G0094,00 0Q03:CCAL:1
WRITE(LP,</s/5/r125213,16>,DAG,MND»JAAR, TYD); 2 GCC35u00 0C3:0CA3:4
MRITECLP, </, "HOOGTE ", X3, "TEMPERATUUR™ » X3 »"SPECVOCHT"» X3 s " HAT" » COC96¢uU0  OC3:00AF:2
TEHHEGT S A5 " HATERSTRALING” »X3,"CO2WEG™ » X3," CO2STRALING™, X3, "TOTALLE", 0009700 9V03:0081:1
X1,"STRALING™»/ »X25"M"5 X105 "C "> X100, "GEG x2=1 ", X7 » "CH", X2 b, "CM", /7 > 0003280u00 003:0081:1
);

GQOY9.00 GG X:00B1L:1

vATA 1S GOCE LONI
HRITECLP»</ sF7 o1 5X3sFS5e15X95F5.2>,2,TL A, QB) 00120L00 003:0084:2

1JA 1203 001C1u00 003:00BE:2
Ft=03 0010zv00 CG3°00BF:Q
FHOOGB t=y; 00102300 0C3:008F:4
10:=2; 0010400 003:00C0:2
NOG* 0010%¢30 003:00C1:1
RCADCLARD»<312,16,X1,F6.1,F5.1,F6.2>,0AG,MNDs JAARSTYD,Z,TE,RV /); Q01CFULUGG  0(3:00C 171
IF JAAR = 0 THEN GO TO AF: 001G7ud0 0C3:00D4:2
IF TE<=74.9 THEN GO TO REST; 001CELOYD 003:0005:3
PE2=1,13a(1=GAMMA*Z) *=3,5; P 001CSeG (O330007:4

1€ RY > 100 THEN QE:=RV=100 ELSE BEGIN 0C110uv2G 0C3:C008B:5



RV: =K /1003 2 00111600 w©O03:00UF:0

IF TE NEQ O THEN PHATER: =RV 10~ « (7, 54TE/(237.3+TE)+0.78571), ELSE 00112,00 GO2:00EQ%2
PHATER:=RV®10#*(9,5«TE/(265.5+TE)+0.78571); 001013060 0032005921
QE: =PaATER/ (PE-PWATER)* 622 END; 0011400 0G3:007 121
UGEH:=ABS((QEQQS)/2'(PB'PE)'(PB#PE)/(ZQ1013)/981) Y273/ (2T +TL)) ** 2 P 00115400 003:00F3:4
0.5 C 00115100 003:00F9:4
UA: =UA+UGENM; 0C .16u00Q C003:0CFC: 4
Uz=L0u(UA); 00117¢00 GO3:COFE:C
FHGUG :=RADIAT(U,TE); 00.12.00 0O3:CQFF:3
U==AB.)(5-08'10"(‘3)/GAMHA'((l'GAHHA'ZO)"6.5'(1'GAMMA'Z)""b.S))' P 00119000 0033010122
(27 3/(273+T0A ) ww1,5; C 00117120 003:0108:2
Us=L0uCu); 0020060 003:010F:5S
BEPAAL(M, VERSUCD2) 5 00 .2{u0G 0C03:p11i:2
i=I-us IF L LEQ 1 THEN L:=2; 0C.22.00 003:011320
f=i4=55 IF M LEQ 1 THEN M:=2; 00.23,00 003:C11621

FOR Lai=L=-1 STEP 1 UNTIL L+1 0O 00124006 003:0119:2
RADCOcCLHI: =RC02 (LH, MI+ INTERPOL (RC O 2CLH, H=11-RCC2ILHsM]» 002500 003:0110:5
RCO 2L H,M*+11=RCO2LLH,MI,YERSUCOZ,M); 0C:2hu00 $03:012631
RADIAICO2:=RADCO2(LI+INTERPOL(RADCORIL=] 1-RADCO2(LI,RADCORC. L+} ]~ 001i2700C 003:012p21
RADCQZILI,VERSU,L) N 00:28600 003:0134:1
FHOOGL :=FHOOG +RADIATCO2; 00:29000 L033(137:S
$=F ¢ (FHOOGE+ FHO OLB) 72« (TB-TE) 00120u00 C03:C139:1

A RI TELLP'</rF7.XrX3)F5.er9:F5.2ﬁXB;F6.’4'XS'FG.SIX&:F?.prb FHe3s 00.31400 003:(13¢:3
X8, F843>,2, TE,0E»UA» FHOUG »10##U,PADIATCO2, F); 00132.,0¢ 003:013E:2
UATA IS 0047 LO.

83 =Tes 00133000 003:014E32
F1I00Gu:=FHOOGE; 00134.00 003:014F:1
PB:=PL; 0013500C 003:0150:0
Q3:=Q:3 00126,00 003:0150:5
G0 TO NOG; AF: 0013720 0033015124
REST: 0013¢0¢0C 003:0152:1
FLAAG: =RLAAGCI 1o INTERPOL(RLAAGEI=11-RLAAGCI L, RLAAGLT +1 J=RL AAGL 1D, 003139,00 ©003:0152:1 |
VERSU» [)e50«RADIATCO2; 0C1400,00 003:015B20 °
FREST: =F LAAG+0 .25+ TB4273) we (=3)a((TB427 3)wxt=193 %44 ) «FHOOGE ; 00141600 003:0150:5
t=F4F RELTS 0C142000 003:0166:3
WRITECLP,</y» /s "TAANVULLING 193=0 K"sX18,F8.3,/5,"AANVULLING TOT 193" 0014300 033016735
7 K EN 1930 K" >X3,F8.3,/,"TOTALE STRALING»X21,F8.3, X2 » 00144000 J03:0169: 4
"CALC 4% a=24DAG**=1">, FLAAG,FREST, F); 00145000 003:0169:4
CATA 15 0012 LG

ARITECLPLSKIP 11,<X36,FB8.3,X2,"WMra=2 STRALINGSTEMPERA TUUR =, 0014600 0032017132
FSe1," K EMISSIE ToFbLe2>,F20.4865,(F*0.4845/5,67010*%8) 220,05, 0014700G 203:0173:4
VATA 1S 0020 LOCt

Fr0.48645/(5.67 #10ea(=8)«(TLA+273)024)); 0014800C 0C3:0180:5S
WRITECLPLSKIP 11); 00149000 003:01b6A32
GO TO NItud; 00150000 003:018E:2
up: 00151400 0C3:018ESS

END . . Co152¢00 003:018E:S

. BeGOCC(LO3) IS 019C LOf

STACKCUOE IS SEGMENT 000

STACKCODE(u11) IS O33A LG

} LATA IS 0012 L0

=
WUMBER CF _PRGRS DETECTED = 0.
UMBER CF LFGMENTS = 15. TuTAL SEGHENT SIZE = 754 WOPDS. CORE ESTIMATE = 2223 wiDRDS., STACK ESTIMAT: = 83
PRIGRAM SILF = 1564 CARDS, 1418 SYNTACTIC ITEMS, 53 DISK SEGMENTS.
RCGRAM SILF NAME: (KOHW)LANGSTRAAL/KOHSIEK ON TEST.
COUPILATION TIME = 9.976 SELONOS ELAPSED; 2.528 SECONOS PROCESSING; 0.982 SECONWS 1/0.
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4.75

4. 56

3.06
3.08
2495
1.45

0“)‘

0..0
0..6
Oeul
0.1

Q.ul

EN 133-0 K

WA TERWEG
CM

0.0017
0.0042
¢.0092
0.0188
0.0375
0.0559
0.0919
0.1491
0.2585
0.3986
0.4757
0.5003
05545
0.5910
0.6032
0.6121
0.6142
0.6150
0.6153
0.6154
177.736
233.803

576692
279.407

WATERSTRAL ING

1.540
2.010
2432
2.835
3.247
3,494
3.815
54143
4.353
4o 425
L3468
4,188
3.965
3.739
3.514
3.037
2.779
24463
2.092

1.942

CO2HWEG
CM

18,19
34.64
54429
65.43
79.58
91.01
101.27
111.73
118.63
123.63
128.93

131.35

CALACMa #=2#DAGYe =}
STRALINGSTEMPERATUUR 264.9 K

HMee=2

CG2ST RALING

N.300
0.480
0.658
0.822
0.966
1.037
1.111

1.166

1.232
1.265
1.282
1.284
1.286
1.297
1.308

1.316

1.329

1.332

TOTALE

0460
1.543
2.917
Leh2h
5.805
6579
7.625
B.648
28.200
52.868
74.279
93.673
123.151
149,865
173.472
2224456
269.467
283,348
325.147

342,883

STRALING

EMISSIE v.?1



