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Two chapters (XI, 1I1) describe our knowledge of the number
and the size of the atmospheric asrosol particles and the
possibilities to evaluate them by optical methods. There ars
used the parameters: extinction coefficient, scattering func-~
tion, degree of polarization and the ellipticity of polari-
gation,

Chapter IV coir-tains theoretical results of the influence of
-absorbont aerosol particles on the energy balance of the atmo-
sphere in the viegible wave length range. The absorption of
light by aerosols has an influence on the heating rate in the
atmosphere which is of similar importance as that of the water
vapor absorption.

Chaptor V represents some measurement results of spectral solar
extinction and sky radiances performed at the Hohenpeiscenberg
Observatory. They have been done to compare experimental and
theoretical work.

Chapter VI gives a survey of new experimental results of some
fundamental parameters of the atmospheric aerosol particles,
as there are: deusity, refractive index, extinction coeffi-
cient, volume- and masschange as a function of the relative
humidity of the air.
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Fig. 1

Fig.

Mg,

Fig.

Fig.

Fig.

2a

2b

3

4

Various types of ae.osol size distributions,
Curves 1, 2: measured s8ize distributions in the
continental atmosphere. 3, 4, 5 and § are valid
for size distributions in a clear atmosphere.

7, 8, 9 and lo are those which the optical radiation
computations have been based upon. Ordinate

dN/d log r, abscissa r, (N aerosol particles per
cmg, r Radius of the particle)

Computed extinction crefficients of aerosol par-
ticles aL(l) of the sular radiation as a function
of the wavelength A in case of continental aerosol

size distribution following the curve 7 in the Fig. 1.

same as 2a but the aerosol size distribution follows
the curves 8, 9 and lo in the Fig. 1,

Computed scatiering function for « air volume,
Ordinate radiance i, abscissa scattering angle .
Wave lengths X = o,% u and 1.2 u. Junge sizm distri-
bution v¥ = 3, turbidity factor T = 2,

scattering only, absorption included,

- -

Refractive index m = 1,5 -« 0,02 1

Computed sky radiance in the solar almucantar
wavelength A = o.4 4, 0.65 p, 1.2 u. Zenith distance
4= 00°, T = 2, left side v* = 2,3, right side v*al,

Computed scattering function for an air volume

based on a Gaussian aeroasol pasrticle size distri-
bution, wavelengths A = o.4 u and 1.2 yu; r, = 0.18 4,
collective radius. Urdinate scattered intensity,
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abscissa scattering angle., Left side: scattering
only, right side: including absorption, refractive
index m = 1.5 - 0,02 1.

Comnuted degree of polarization P (ordinate) of an
air volume containing only aerosol particles as a
function of the ccattering angly jb (abscissa)
wavelengths A = v.4 g and » = 1.2 p. Curves 1 and
2 are valid for v* = 4.0, 3 and 4 for v* a 2.5

{Junge distribution). The light source is noutral.

same as Fig. 6. The light source is linearpolarized
Left side: scattering ounly, Gaussian aerosol par-
tizle size distribution following the curve lo on
Fig. 1, Collective radius roo= o.lo p. Right side:
including absorption, Junge aeruvsol distribution.

Refractive index m = 1.5 - 0,02 i,

Aerosol particle size distribution composed of
. 2
6 Gaussian uistributione dN; = b exp A (logr/ro)
6]
dr; A = 8o

same as Fig., &, model changed

Aeroso) particle size dastribution model 1

a) Degree o1 polarization P as a function of the
scatvering angle V

b) Lllipticity Lau/‘1 as a function of the scattering
angle ¥

c) iosition of the plane ot polarization ;r of the
scattering light as a function of the scattering

angle ¥

same as Fig. lo, but model III



- v =

1
S . :
Fig. 12 Percentage ratio R = SA of the radiant flux

density S{ which at theoépper edge of the at-
mosphere is reflectead into space, to the solar
flux density sok' Abscissa turbidity factor T.
refractive index m = 1.5 (scattering only)
--===-m = 1.5 - 0.02 1 (absorption included).
Zenith distance of the sun Z = 370, surface albedo

A = 0.0 (above) and A = 0.25 (below).
A Wavelength.

JEIEIR WT

Fig. 13 same as Fig. 12, but toctal absorption of the at-

mosphere in case of absorbent aerosol particles.

Fig. 14 Spectral divergences of vradiant fluxes (abscissa)

at different heights (ordinate) in percent of the

downwards radiant 1 luxes.
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Fig. 15 -----measured and calculated results of sky:
radiance performed at the Observatory lHohen-
peissenberg, Southern Bavaria‘alt 980 m, June 1971,
including scattering of higher order. bolar ele-

vation 300. Measured turbidity faktor T = 3.9,

TR G AR Y & ALY 77 o

Aerosol size distribution model after Junge,

. v¥ = 3,35 ordinate sky radiance, abscissa scattering

angle (solar almucantar).

L

‘Mg. 16 Measurement results of haze extinction a of the

solar radiation (Observatory Hohenpeissenberg) for

two wavelengths at different solar elevations.

(Urdiuate a5, abscissa snlar elevation, a.m., and

RS

p.m.). Hatching indicates anomalous extinction
a) oct 2, b) oct 3. 1971.

gl TR T AR I e

o,




L A VR ATTRIRD, ¢ it USRI (ORAR TR GRS . ST

I . Gt A

e enh xS e

L N T ATE TR X A

L emgar w4 ek

b
i
{

Fig. 17 - 19

Fig. 20 -~ 25
|

Measurement rssults of sky radiance (drdinate)
in the solar almicantar (abscissa scattering
angle) at different solar elevations. (Obser-
vatory Hohappsissenberg). O wavelength'

A = 0:405 u, 1 A = 0.443 p, 2 A = 0.548 4,

3 A= 0.639 u, h A= 0.708 4. No 1 - 7 october
2 p.mi, 8 - 13: oct 3 a.m.. 14 - 211 oct 3 p.m.

Measurement résults of the parameters: the mean
dansity’ f (f), the real mrt of refractive in-
dex n (f), the volume ratio \} (f)/V , the mass
ratio m (f)/m , The extinction coofficienta of
the air born particloa 6"(:t‘)/ Gk - as a
function of the rolativq humidaty ot the air,

T rgsp. 1L -r, Decreasing resp. increasing
relative humidities are indicated by arrows.
Fig. 20 summer 1966, Mainz., Fig. 21 January
1970, Mainz. Fig. 22 summer 1970, Observatory
lichenpsissenberg (980 m-alt). Fig. 23 ocean

sea spray. Fig. 24 April 13 - 16, 1969,, "Meteor"
North Atlantic. Fig. 2% April 16 - 25, 1969,
"Meteor")Atlantic. the air contains Sahara dust.
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extinction covofficient, monlecular ascnttering -ubtractid
relativo humidity of theo air .
imaginary part of thoe complex rofractive index
rofractive index; wass of aorosol particles

real part of the complex refractive index

radius of tho anorosol particles

collective radius (most frequent particle radius in a
Gaussian size distribution)

Albedo of the earth surface

radiant divergence

hei;ht of the homogenious turbid atmosphere

complex refractive indox

nuinber of asrosol particles pear nm3
daeprren of polarization

refloction

radiant flux

turbidity factor

voluan

zenith distance

elliprticity ot the polarized ritiaiton

wavelength

ln-“ cm

exponent in tho power law size disutribulion

density

extinetion confticient of the airborne acrroscl particles
scattoring angle; volume growth coafficient

angrle botyvoen the main axia ot the ollipa& and the plane
of* palarization
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I. ;gggoduction"

Studies are nesded to determine scattering, reflection, ab-
sorption and emiasion by particles which are suspended in
the ntnonphoro;\xh!\iolo of atmospharic aercsols in the heat

. balance, radiaiton nef\fly;Ol and radiation divergences

remains one of the great importances - and uncertainties -
of the explanation of how the atmoaﬁhero behaves.: To assess

the contribution of particulate pollutants to radiative pro-

cessos and radiative transfer, it is neceasary to know the
radiation characteristics of natural and anthropogcnious
particles. Also affacts such as the influence of water vapor
rid relative humidity on the extinguishing properties of
aerosol particlaes are still not well known, The same is true
on the double role which aerosol playsin scattsring and ab-

sorbing radiation. ‘

This study should be a contribution to claryfy some of the
problems which concern the atimospheric radiation trans-
miasrion, radiant fluxes through the atmusphere for clean
and polluted atmospheres and its medification with in-

creasing pollution.
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II. The Evaluation of At-éiphoric Aerocsol Particles by
Neans of Optical Radiation Measurements

1. Asrosol Particle Sisze Distribytions

Various types of aerosol size distribution have beeu
plotted in the Fig. 1. They have been selected for
three sspects:

a) The curves 3, 4, 5 and 6 are valid for sise dis-
tributions which have been measured in a clean
atmosphere, R. Jaenicke, C. Junge,H.J.Kanter
1970 (l).

b) The continental atmosphere is represented by the
size distrib9tionl of the curves 1 and 2,C. Junge
1963(2) g0 (1),

c) The size distributions which are characteriszed
by the curves 7, 8, 9 and lo are those which the
optical radiation computations have been based
upon. They onaﬁio one to show the influence of
the asrosol particle size distribution on tae
radistional properties of the atmosphere which
are manifested by optical means. Vice versa, if
this connexion is known, optical measurements of
radiational parameters give hints to the atmo-

spheric eserosol.
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2. Extinction of Radiation

The atienuation of radiation in the atmosphere is
due to scattering and absorption of radiation. The
scattering takes place on air molecules and aerosol
particles, the absorption takes place also on aero-
sol particles, however, on gaseous suspensoids as
well. This report deals only with the i- fluence of
the aerosol particles. The extinction of the rudia-
tion in the atmosphere depends on the wavelength
because of the scattering of the radiation on aero-
sol particles, whereas the absorption of radiation
by aerosol particles is assumed to be independent

of the wavelength.

The extinction in case of a continental aerosol par-
ticle size distribution which corresponds to the
wodel represented by the curve 7 in Fig. 1, has been
plotted in the Fig. 2 as a function of the wavelength
in double logarithmic scale. The numerical values
have been taken from tabulations compiled by E, de
Bary, B, Braun, K. Bullrich 1965 (3) for a turbidity
factor T = 2, refractive index m = 1.5, height of
the homogenous turbid atmosphere HD = 1.25 km, ima-
ginary part of the complex index of refraction

kK = 0 and for ] exponents of aerosol particle size
distributions v* = 2.5, v* = 3 and v* = 4, (The
curve 7 in the Fig. 1 refers to v* = 3).
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The assumption of an aerosol particle size distribu-
tion following a power law implies the relation: The
turhbid extinction coefficient a (A~ a2-v?
The aforementioned tabulations reveal the following:

The variation of the boundary radii, 1.e. rl the lower
and r, the upper radius, shows that the significant
radive range falls in between 0.1 g4 € r < 10 u. Thus,
the extinction only slightly changes due to a chauge
of the particle nueber within the radius ranges
r<o.l yorr> lo y resp. Quite another relation
between the extinction and the wavelength results from
sn aerosol particle size distribution other than fol-
lowing a power law, Aerosol particle size distributions
corresponding to the curves 8, 9 and lo in the Fig. 1
yield wavelength dependences which have been labeled
Ns 3 and 9 in the Fig. 2 b); the values have been

takeon from a publication by K. H. Danzer and K. Bull-
rich 1966 (4)

R. Eiden 1971(5) has applied similar models, an example
of which with the collective radius r, = 0.18 |4 is re-
presented by the curve lo in the Fig. 1. Such an aerosol
particle size distribution yields a wavelength dependent
extinction corresponding to the curve 1o in the Fig. 2 b).
It i{s obvious that the decrease of extinction with in-
creasing wavelength as obtained due to a power law dis-

tribution of the aerosol over the continent, does not
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.iov in case of a Gaussian distribution of the aerosol

particle sise. The sbsence of aerosol particles with

‘r €0.18 p results in shifting the maximum of extinction

into the green or red portion of the visible radiation.
Measuremsnts of the spectral extinction coefficient have
verified this relation: K. Bullrich, R. Eiden, R.
Jaenicke arnd ¥. Nowak 1968 (6) in Hawaii; K., bulirich and

R. Eiden 1969 (7) in New Mexico; H., Quenzel on the Atlantic

19§= (8). Anomsalous extinction, i.e. increase of the
extinction with dacreasing wavelength except for de-
creasing extinction in the blue portion of the visible
radiation, has been found by U. Kurtz and D. Silz in a
few measurements taken at Mainz 1970 (9); $ilz has ob-
sorved this phenocosenon especially on the Atlantic coasc
(Bretagne) during the sea breeze regime. Biased results
are yielded if the interpretation of the measurements
is based upon a constant index of refrac*ion, It is
known that the real and the imaginary parts of the com-
plex index of refraction vary with the relative humi-
dity. This has been discussed by G. Hiinel and k. Bull-
rich 1970 (19) and 6. Hune1 1971 (1), gqe also

Chapter Vi of this report,

-6~
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3. The Scattering Function

In analogy to the extinction, the computation of
the scattering function has been based upon the
aerosol particle size distribution represented by
the curve 7 in the Fig. 1. The scattering functions
for the wavelengths o.4 u and 1.2 4 have been
plotted in the Fig. 3, the abscissa shows the
scattsring angle ? in linear scale, the ordinate
shows the scattering function for an air volume
containing oniyv aerosol particles, in logarithmie
scaie. The numerical values have been taken from
tabulations compiled by E. de Bary, B. Br.un and

K. Bullrich 1965 (3) for T = 2 and v* = 3. It is

to be seen that all the values referring to

A = 0.4 4 are greater than those referring to

A = 1,2 p. The integration taken over V yields

the extinction coefficient with the cheracteristic
wavelength dependence, represented in the Fig. 2 b).
The significant range of the particle radii as re-
vealed from the tabulatiors falls in between

0.06 p € r £ 30 u. The assumption that the aerosol
particles are absorbents)x. Fischer 1963 (12))
vields decreasing values of the scattering function,

especially in the range of backward scattering.

The Fig. 4 shows computations of the sky radiance
for the wavelengths .4 u, 0.65 u and 1.2 u, taken

(3)

from for the almucantar with the zenith distance

-7-



Zw606° T w2, v* = 2.5 and v* = 4. The Fig. 4 a)
shows that in case of v* = 2.5, a relatively great
number of large particles is characterized by strong
foreward scattering (great values at small angles).
It can be seen from 3) that the values highly d«¢pend
on the boundary radius rye This is s8till valid for
an aerosol particle size distribution with v* = 3.
This foreward scattering effect is greatly reduced
under the assumption of a relatively great number of
small particles as it evident from the Fig. 4 b) for
v# = 4, In this case, the upper boundary radius r,
is insignificant, whereas the sky radiance closely
responds to the lower boundary radijius Ty the signi-
ficant radius range reches as far down as to

r, = 0.03 .

The Fig. 5 a) presents computations of scattering
functions which have been based upon a Gaussian aero-
sol particle size distribution corresponding to.the
curve lo in the Fig. 1 for the collective radius

r, = 0.18 ulR. Eiden (5).

Fxcept for the small acattering angle range® & 5°
and the great scattering angle range ¥ 2 1580. the
values in the long wave portion always supersede those
in the short wave portion. This result had to be ex-

pected from the computatioﬁa of the extinction coeffi-

-8«
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cient. The difference in the acrosol particle size
distribution as showing in the curves 7 and lo in the
Fig. 1 exerts a strong influence on the spectral
behavior of the scattering function and thus on the
extinction. Under the additional assumption of ab-
sorption as to be seen in the Fig. 5 b), the values
of the scattering function in the long wave portion
always supersedo those in the short wave portion

within the range of great scattering angles, tono.

4. Degree of Poiarization

The Fig. 6 shows the plot of the degree of polari-
~ation of an air volume containing only aerosol
particles, f'or two wavelengths as a function of
the scattering angle y’ from 0° through 180°.

The results are valid for a power 'law size distri-

bution; they have been taken from (3).

The entry parameters for the power law distributions
have been chosen in such a way as to manifest the
effect of the influence exerted by the amall par-
ticles. v* = 2.5 implies A relatively great number
of large particleas. The relevant lower boundary
radius has been set r, = o.08 p, 1i.e. the disatri-
bution has beoen truncated at this radius. v* =. 4



implies a relatively great number of small particles.
The relevant lower boundary radius has been set r, = o.ob
i.e. the truncation has been shifted towards a smaller
particle radius range. The result proves that many small
particles cause a high degree of polarization. Only a
weakly marked wavelength dependence is obaeried. The values
in the red visible spectrum always supersede those in the
blue visible spectrum, In case of only a few small particles,
a low degiree of polarization and a strong wavelength de-
pendence is to be seen, furthermore, a high degree of ne-
gative polarization within the range of scattering angles
y’> 120°. The selection of the upper boundary radius
(not demonstrated in the figures) does hardly play any role.
Finally, the aerosol particle size distribution as repre-
sented through the curve 7 in the Fig. 1 is considered
once more, i.e. a power law distribution with the exponent
v* = 3, The Fig. 7 a) shows results computed by R. Eiden
1971 (5) which represent the degree of polarization of an
air volume as a function of the scattering angle ¥ . For
specific reason - not discussed in detail here - the
emitting source effects linear polarization of the incident
radiation..It is obvious that within the scattering angle
range 60° <Y < 160° the degree of polarization at the
wavelength A = 0.4 p is higher than at A = 1.2 u.

If, however, the computation is based upon a Gaussian distri-
bution with the collective radius r, = 0.18 u corresponding
to the curve lo in the Fig. 1, almost the reverse is =3rue,

as it can be seen in the Fig. 7 b). The latter shows that



- lo -

within ae angle range 0° < 90‘< 152° the degree of po-
larization at A = 1.2 p is higher than that at A < o.4 y,

i.e. the absence of small particles has a strong influence.

Summar!

The extinction, the scattering functi~n and the degree of
polarization as functions of the wavelength and the scat-
tering angle are sensitive irdicators for the aerosol par-
ticle size distribution. Moreover, there is a marked in-
fluence on the scattering function in specific angle ranges
due to the absorption which is exerted by the aeroscl par-
ticles.

The above results show that measurements of the spectral
extinction, the scattering function and the degree of po-
larization as single parameters each can only give hints

on the size distribution of the aerosol particles. If,
however, all the three parameters are considered together,
the variety of interpretation is compatible with that of the

direct sampling measurirg methods.

III. The Stokes's Parameters ¢i Mixed Aerosol Particle Size

Distributions

It is rather difficult to carry out a systematic investi-
gation of the influence exerted by var.ations of the re-

fractive index within an aerosol particle size distribution,.

-1l1-
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Thus, only a few papers have been published which deal with

tne clarification of this relation.

By way of simplification,
the influence of refractive

it has been tried to investigate

index variationr within an aero-

sol particle size distridbution under the assumption of two

types of size diestribution which are composed each of six

narrow Gaussian distritutions (Fig. 8, 9).

Thi. way means an approximation to a power law distribution

which, in the range of sw.ll particlea, is followed by a ; ,

section of "constant" particle size. These composite amerosol

particle size distributions are called model L and III. In
the beginning of the "constant"

comparison with the model I,
vortion of the distribution has been shiited towards larger

particles in the model III;

this means a greater weighting

of large particles within the size distribution.

The straight linesa connecting the maximum values of the

Gaussian distributions at the radius r, are expressed in

the following

Model 1

212

e

Modell III

Iz

1

way

o.l1l38

0,55

0.55

(=)
o

(]

~4

o.1 y & r € o0.18 )

0.18 u € r € 1.8

o.1 y $r £ 0.55 4

0.55 4 € r € 1.8 4

-12~-
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The Gaussian distributions the model distributiuns have

been based upon are expressed with:

- ! 2 : !
dN, = nro l:oxp A (log r/ro) ] dr A = 8o

3

The refractive indices M = m - i‘.of the aerosol particles
in each of the model distributions have been varisd in the

following way:

At the beginning. a uniform refractive index M = 1.5-i:0.0
has been ussumed for the entire Sizo distribution. Then,
successively, starting at the angll particles, a size cange
one after another, ropresentpp by a separate Gaussian diafri-
bution, iu‘supatituﬁed by pa}ticlea with the refractive

index M = i.95 - i . 0.66 (coal) (see Table).

Table Radius T, and the Particle Numbers per Radius
Interval n_ of the Maximum of the Gaussian Distri-
. : I ,
bution, as gell as the Refractive 1. dices of each

of the Gaussian Distributions.

~ For these models and refractive index distributions compu-

tations have besn carried out for the Stokes“s parameters
Q, Uand V or for their equivalent quantities P, tan/! and
X resp. as functions of the scattering angle S“ . P is
the degree of polarization,:tan/3 = + a/b is the ratio of
the axes odf the ollipae,deecribéd by the electrical vector
of the polarized portion of radiation, 9/}13 the angle |
between the main axis of the ellipse, b, and the plane of
obaorvaéion (o € ¥ <€ ). The first of the Stokes's para-

! meters, I, has not been included in this investigation.

S 13-
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P, tan (3 and '/’ are mere ratios and thus, independent of
the absolute numbter of particles. The incident radiation,
which is sibject to the scattering effect, is characterigzed
by linear polarization with an angle of 45° between the

plane of polarization and the plane of s“servation.

Discussion of the Compuirational Results

The computetional results for the model I have been plotted
in the r1g. lo. The degree of polarization, which is shown
in the Fig. lo al/az, undergoes noticeable changes due to
the appearance of cozl particles in the size distribution,
especially within the range of backward scattering. The
degree )f polarization decreases reaching a minimum value
for coal particles iy. the radius range r, = o.18 p. If,
however, +the coal particles are shifted towards larger
particles, their influence lessens. This implies that under
tis assumpiion of the model I a change of the refractive
index has an effect ouly in the radius range r < 0.35 u.
The larger particles have an insignificant weighting
within the size distribution,

The surves of the ellipticity tan P have been plotted in
the Fig. lo bl/bz; they show the <-ame trend as the degree
of polarization of the model I,

The inclination of the plane of polarizaticn of the
scattered 1light, V/ , is hardly changed by variations of
tl.o refractive index; only within the particle size range

r, = 0.3 p 1t shows a significant change (Fig. io 01/02)'

~14-
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The resultas for the Model III are markedly distinguished
from those for the Model I

Previously, the main effect due to the change in the re-
fractive index and the section of the size distribution
was felt for the model I at about r = 0.35 u. Now, it can
be seen from the Figures 1li a, b and ¢ that the main effect
appears in the particle size ranges 0.35 £€r €1.0 He.
This implies that the greater weighting of the large par-

ticles becomes visible here.

The generalized statement can be made that the influence

of changes in the optical properties of the particles in

an exponential aerosol particle size distribution is

evident in the particle size range o.1 p £ r « lc p. With
increasing weighting of the large particles of thLe size
distribution, the maximum change is also shifted towards

the larger particles. The influence of the refractive in-
dex, however, for particles with radii r > 1 p must be
expected to decrease in spite of a great weighting ot these
particles within a size distribution, because the scattering
on these particles becomes more and more independent of their

optical properties, i.e., oi their refractive index,

IV. The Influeucc of the Aerosol Particles on the Eneryy

Balance of the atmosphere in the Visible Range of the

Solar Spectrum

.This Chapter deals with the influence of the aerosol partic-

les on the energy balance of the atwosphere in the visible
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range of the solar spectrum. Computaticonal results in-

cluding multiple scattering are given for tunz radiation

fluxes and their divergence in a turbid atmosphere. Mewntion

will be made only of those essential parameters which in

this context couid not be taken into consideration until

now:

1) Tho properties of the atmospheric aerosol particles which
effect ..1e attenuation of radiation,

b) the multiple scattering of the radiation of .he visible

spectrum in the turbid atmosphere.

This paper deals with the application of mode’ computations
ur.der consideration of the multiple scatter’ng eftuct in
order to Jnves .igate in which way the aerosol particles in

the atmosphere influence the solar radiation field.

These computations have been based upon the assumption of
the aerosol particles being both either absorbents or non-
absorbents, and the absorption has hteen assumed to be a
grey one, Results are given for both the radiation reflected
from the planet earth into space and the energy fed into the
system surface - atmosphere of the earth, at various turbi-

dity factors and various values o1 the ground albeo A,

The results have been ubtained from the equation of radia-
tional transfer for n plane parallel atmosphere ($. Chandra-
sekhar 1950 “3)) by means of a numerical ccemputational
techniyue (G. Eschelbach 1971 (1&)). All the data presented
are based upon the assumption of spherical aerosol particles
with specific complex indices of refraction and with a radius
s1ze distribution following a power lLaw (C. Junge 1963 (2))

with v* = 3.0 and the boundary radii r, = o0.04 p and r

1 = lo u.

2
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Furthermore, it has Leen assumed that the particle number

per cn3 decreases with heigint exponentially following the

factor o‘h/“n. with H) = 1.25 km and h measured in ka.

. Finally, Lambert reflection is assumed to take place at

1
1
£

g

Ly

the surface.

l. The Reflection of the Planet Earth

; A
The Fig. 12 stows the percentage ratio R = ;A- of the
radiant flux density SA¢ (snergy per unit O?Atime.
wavelength and surface normal to the zenith vector) which
at the upper edge of the atnosphere is reflected into
space, to the solar flux density Sok which is incident at
the uppar edge of the atmosphere at the wavelength 1.
The calibration of the abscissa represents Linke's tur-
oidity factor T referring to A = 0.5% u (T = 1 corres-
ponds to the Ravleigh atmosphere). Thas solid curves are
based upon a refractive index of the aerrsol particles
of m = 1.5, The imeginary part of the complex index of
refraction, which characterizes the absorption, is zero.
The broken curves rapresent the results for an index
of refrnction m = 1.5 - 0.02 i; thus, they account for
the absorption exerted by the aerosol particles. The
measurements, which have been taken during the last years
(6. Hanel 1968 (}3) k. Fischer 1965 (!2)}) nave proved
that the real part being 1.5 is valid for relative humi-
dity values around 70 % and that the imaginary part
heing -0.02 is a rather realistic characterization of the

continental anrosol particles.

-17-
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All the values of the figure refer to a zenith distance of
the sun 2 = 36.9°.

If the asrosol particles are non-absorbents, the reflection
increases with increasing turbidity in a practically linear
way for both A = 0 and A = 0.25. This implies that the

energy fed into the system surface - atmosphere decreases
with increasing particle number at ali the three wave-

length under consideration.

E.g., at A = 0.45, T = 4 and A = 0 there is a surplus of
reflected energy of about 5.5 % and at A = 0.25 of about

2.7 % in comparison with that reflected in a Rayleigh at-
mosphere.

With increasing values of the earth's slbedo the energy loss
of the planet earth due to the influsence of aerosol particles
gradually decreases; at A = 0.8 it alrrst vanishes (here not
shown). This implies that the interacti~n of the radiation
field with the extinctive medium is compensated by the strong
reflection at the surface. The reflection of the planet earth
approaches that at the aurface, i.e., at A = 0,8 it increases
up to oc %.

In case of an absorbent aerosol, the planetary reflection
for A = 0 also increases with increasing turbidity, however,
at & smaller rate than without absorption. For A = 0.25 the
reversa becomes true: The reflection decreases with in-
creasing turbidity. The greater number of extinction pro-
cesses at greatsr values of A results in a greater energy
absorption of the atmosphere so that less energy is left at
the upper edge of the atmosphere for going out into space,.
Thusg, the addition of aerosol effects that the system at-
mesphere -~ surface gains energy, which e.g. for A = o0.45

and T = 4 amounts to about 1.7 % in comparison with the

-]lB~
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Rayleigh atmosphere.

For A = 0.8, the interaction with the extinctive medium is
not compensated by the reflection at the surface any wmore:
The planetary reflection decreases with increasing turbidity
factor, e.g. at A = o.45 p and T = 4 it decreases by about
11 % in comparison with T = 1.

2. The Total Absorption of‘the Atmosphere

The Fig. 13 shows the total absorption of the atmosphere in
case of an absorbent aerosol, i.e. the percentage ratio of
the radiant flux density at a specific wavelength which is
absorbed by the entire atmosphere, to the incident spectral

solar flux density So The abscissa again represents the

turbidity factor T, Tﬁe total absorption shows a practically
linear increase with increaaing turbidity, while the rate

of increase grows with increasing values cf the albedo of the
earth A.

The consideration of the interaction between the total ab-
sorption and the reflection of the planet earth reveals that
only the atmosphere takes the benefit of the energy gain of
the system atmosphere - surface in comparison with the
Rayleigh atmosphere ag it is observed with increasing values
of the earth's albedo A. In addition to that: The total
absorption is partly also due to a reduction of the enwergy
fed to the surface in comparison with a non-absorbent at-
mosphere.

E.g. at A = 0o.45 p and A = 0.25 and T = 1 the surface re-
ceives about 69 % of the incident spectial solar flux density;
in case of a non-absorbent aerosol with T = 4 this percentage
is reduced to 66 % in case of an absorbent acerosol, however,

it 1is a8 low as 50 %.

-19-
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The above values of the resflection and total absorption are
of the same order of magnitude as those published by G. M.

Yamamoto 1971 (16):
slightly differing parameters though.

for a larger wavelength range and

3. diant Divergence

———

The senergy absorbed by the aerosol results in a heating rate
of the atmosphere which depends on the height. This rate is

proportional to the divergence of the gpectral radiant flux

density integrated over the wavelength.

The Fig. 14 shows the plot of the ratio b of the spectral
radiant divergence to the incident spectral solar radiant

flux density S expressed as % per km, as a function of

'
the height h z; for T = 4 and the zenith distance of the
sun Z = 36.9°.
The striking feature of the run of the curves is the fact
that at Z = 66.50 and A = O <slhome~noemgivowr™ the spectral
divergence near the surface is greater for A = ~.55 u than
for A = o0.45 4, though the reverse is true with the relevant
volume absgorption coefficienta. Obviously, the greater

. volume absorption coefficient related with smaller wavelengths
is overcompensated by stronger attenuation of the direct
aolar radiation because of greater optical thickness due to

the great zenith distance of the sun.

The spectral divergences in the figure enabie one to read
out the energy which is absorbed per unit of time and volume
at a specific height in the spectral 1ntervzl between

A= o.45 4 and A == 0.55 u.

~20~
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The following table lists the values for Z = 36.9o
-10 -
at the heights of 0 and 1 ka, in cal min 1 cm 3:

km A= O A = 0.25 A = 0.8
0 0.12 . lo 0.17 10‘6 0.29 + lo 6
1 0.09 * lo 6 0.12 - 10'6 0.19 10"6

For reason of comparircron, mention is made of the corres-
pending value for the absorption exerted by water vapor
taken over the entire solar spectrum of an atmosphere with
28 cm"2 water vapor at the surface according to W, T,
Roach 1961 (17); it amounts to o.4 - 10_6 cal mirx-l cm-B.
The corsicderation that the incident radiation between

A = o.45%5pand A = 0.55 i is only about 15 % of the total
solar radiation leads tn the estimate that the energy
rates due to the aerosol absorption in the total solar
apectrum amount to values near the surface which supcrsede

those ¢f the water vapor absorption,

4, Conclusions

The above results prove that the addition of aerosol to the
atmosphere yields an influence on the energy balance of the
planet earth wnich is of an order of magnitude that canuot
be neglected any wmore. Especially, the absorption which is
exerted by the aercsol, must be taken into account and this
results in the rnacessity of measuring exactly the imaginary

part of the compl:x refractive indax of aerosol. The latter

-el-
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may reach an influgnce on the heating rate in the atmosphere
which is of similar importance as that of the water vapor
absorption.

V. Measurements Results of the Spectxral Solar Extinction
and Sky Radiance Performed nt the Hohenpeissenberg
Observatory, Southern Baveria, 980 m alt

Measurements of soiar extinction and sky radiance have besn
done to compare the calculated values of the sky radiance
with the measured ones.

On Fig. 15 are plotted the measured (dashed lines) and

the calculated results of sky radiance in the solar almu-
cantar. The measurements have been performed in Jure 1971,
The calculated results are based on the new theovetical
method by G. Eschelbach 1971 (14) which includes the scattering
of higher order in the turbid atmosphere. There have been
used the model 7 on Fig. 1, of an aerosol sirze distribution
which has bsen measured in Middle Europe mo-tly. The re-
fractive index of the aerosol particles has been measured
by G. llinel,

1t is to be seen a rather good agreement between theory and
experiment,

On Fig. 16 - 19 are given some more results of the measure-
ments from Hohenpeissenberg performecd in Octecber 1971.

They show the diurnal variation of the spectral extinction
and sky radiances at different scettering angles, different

solar elevations and different wavelengths.

-2~
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VI. Results of Measurements of the Physical Properties of

Samples of Atmospheric Aerosol Particles as Functions of
the Relative Humidity

Former and recent measurements have been evaluated by means
of a computer prosram. The results are presented in the
Figures 20 - 2,. The following parameters have been plotted
a8 tunctions of the relative humidity f: The mean density
g(f), the real part of the mean complex index of refraction
n (f), the volume ratio V (f)/”o, the mass ratio mw(f)/mc;
the extinction coefficients of tre air burne aerosol particles
Gh(f),/ (:TK = [\rif)/vo]’ 2/3. G. lanel 1971 (").
The ratios v?r)/vo and the ratio 5'h(f)/ G’h have been

plotted in double logarithmic scale as functions cf (L - £),

the others in linear scale.

For some samples, the Figures also show values for decreasing
relative humidities as i1ndicated by arrows. The value of the
volume growth coefficient ? close to f = o for increasing
relative humidity could not be determined with the equipment
av hand; therefore, it has been set: Y (f = o) = o.

The measurements show that at low relative humidities the

mass ot watcer condensed on the aerosol particles is but small.

No sooner than ftrom f = 0.5 to 0.7 on the samples adsorb
iarger amounts of water. The same feature 1is valid for the
volume of the samples and for the extinction coefficient of
the purticles, Coqgequently, the mean density and the real

part of the wean complex i1ndex of retraction (except for the

Fig. 2o a) only slight.y decrease at low relative humidities.
Wnereas at high relative humidities their values gradually

come clouse to those of water,

-2
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The volume growth coefficients show particularities in the
volume growth as a function of the relative humidity. At

f = 1, they have finite values ‘see G. Hinel 1970 (1’),

Fig. 1).

Furthermore, 1t is a striking feature that there are different
results obtained at increasing or decreasing relative humi-

dity resp. insofar as the samples contain more water at de-

ereasing relative humidiiy than at increasing relative humi-

dity. This hysteretic effect has already been described by (1)
E. wall (19'!2)(,?), C. Junge (1952)(10), C.0rr et al. (1953)
and P. Winkler (1969) 11). Spec.al experiments in this in-
stitute and computations conducted by R,Defay et al..(l966)(za
indicate that{ a suitable choice or the pre-condition with
regard to the change in huwmidity, enables one to obtain values
which lie inside the hysteresis loop. Thus, il is obvious

that range of relative humidity which is subject to hysteretic
effects, the physical parameters of the aerosol particles
depenid on tiae previous change in humidity, too.

The Figures prove that the hysteretic effect varies from

one sample to the other. Its maximum occurs at different

values of relative humidity. Thus, it must not be ueglected.

Furthermore, it has been found that the values of the para-
meters presented in the figures also differ from one sample

to the other within those ranges of humidity which are not
aubject to hysteretic <ffecta. EK,g. the values of the ratio
G'K(f = 0.9)/ 3'h fall in between 2 and 5,

This leads tn the 8onclusion that more measurements are needed,
a thorough investigation into the hysteretic effect is im-
portant, becaus: the relative humidity values related with it

do frequently occur under atmospheric cornditions.
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VII. Conclusions

~ince some years research on atmospreric optical radiation

ansmission, air pollution and radiation fluxes through the
atmosphere has been performed at the Institute for Meteoro-
logy, University of Mainz. The extinction properties of the
atmospaeric aerosol particles have been investigated com-

vrehensively. They depend on the material of the aerosol

particles (demunstrated by the complex refractive index). It
could be shown that the material changes localy and temporally.
These changes are dependend on the relative humidity of the

air strongly. In spike of the submitted results it is ne-

TR MR T P P AL P AP Ty TR PV o )

cessary to perform sonte more research in this field. We need
an increased reseuarch on the refractive index, including ab-
sorption of atmospheric particles in relation to their com-
position, origin, size and shape and its change with in-
creasing pollution for short- and longwave radiation. Also
more data on particle growth and density with humidity are
necessary to understand the infiuence on the refractive in-
dex with relative humidity. At suicable time intervalls the
refractive index and the detailed size distritution of par-
ticles should bLe determined at selected places in both clean
and polluted air. Furthermore more detailed measuremeunts of
the 4 Stokes parameters would improve our knowledge of the

optical behaviour of ocur atmosphere.
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