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A-stract

Two chapters (ii, III) describe oir knowledge of the number
and the size of the atmospheric aerosol particles and the
possibilities to evaluate them by optical methods. There arri
used the parameters: extinction coefficient, scattering func-
tion, degree of polarization end the ellipticity of polari-
zation.
Chapter IV cott*ins theoretical results of the influence of
-ebaorbent aerosol particles on the energy balance of the atmo-
sphere in the visible wave length range. The absorption of
light by aerosols has an influence on the heating rate in the
atmoaphere which is of similar importance as that of the water
vapor absorption.
Chapter V represents soris measurement results of apectral solar
extinction and sky radiances performed at the 11ohenpeispenberg
Observatory. They have been done to compare experimental AndI theoretical work.
Chapter VI gives a survey of new experimental results of some
fundamental parameters of the atmoeopheric aerosol particles,
as there are; density, refractive index, extinction coeffi-
cient, volume- and inasschanee as a function of the relative
humidity of the air.
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List of Illustrations

Fig. I Various types of ae;-osoi size distributions.

Curves 1, 2: measured size distributions in the
i• •'ocontinental atmosph•ere. 3, 4, 5 and 6 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
• cm3

cm , r Radius of the particle)

Fig. 2a Computed extinction coefficients of aerosol par-

ticles a,.(%) of the solar radiation as a function

of the wavelength X in case of continental aerosol

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

Fig. 2b same as 2a but the aerosol size distribution follows

the curves 8, 9 and lo in the Fig. I.

Fig. 3 Computed scattering function for ,, air volume.

Ordinate radiance i, abscissa scattering angle

Wavetengths X = o.4 A and 1.2 v. Junge size distri-

bution vK = 3, turbidity factor T = 2.

scattering only, absorption inclt~ded,

Rpfractive index in = 1.5 - o.o2 I

Fig. 4 Computed sky radiance in the solar almucantar

wavelength A = o.4 L, o.65 g, 1.2 g. Zenith distance

Sa 6o , T = 2 , lef t side v* = 2 . ), right side v* -4 .

Fig. 5 Computed scattering function for an air -,olume

based on a Gaussian aerosol p.iticle size d3.itri-

bution, wavelengths X a o.4 A and 1.2 g; r o.18 •,

collective radius. 'Jrdinate scattered intensity,



abscissa scattering angle. Left side: scattering

only, right side: including absorption, refractive

index in = 1.5 - o.o2 i.

Fig. 6 Comouted degree of polarization P (ordinate) of an

air volume containing only aerosol particles as a

function of the rcattering angly 9 (abscissa)

wavelengths k = u.11 4 and A 1.2 i. Curves I and

2 are valid for v* = 4.o, 3 and It for v* a 2.5

SJunge distribution). The light source is neutral.

Fig. 7 Same as Fig. 6. The lighL source is linearpolarized

Left side: scaLtering only, Gaussian aerosol par-

tieAo size di tributioi folowiritt; the curve Jo on

Fit;. 1. Collective radius " o.io I. RighL side:

including absorpLion, Junge aerosol distribution.

llelfactive index in =l. 3 - o.o2 i.

Fig. S Aerosol particle size distributioli composed of

6 Gautssian tiistr:butione dNL = U r exp A (log;r/re)2

dr; A = Oo

Fig. 9 same iis Filr. 8, model chantled

V, Fig. lo Aeroso,' particle size (!3istribution Model 1

a) J.earee ow polarization P ab a function of the

scat .ering angle e

b) ULlipticity tan/ as a function of the scattering

angle 1

c) iotsition of' the plane of polarization X of the

scatter'ing light as a function of the scattering

angle ?

Fig. 1 6ame as Fig. lo, but model III
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Fig. 12 Percentage ratio R S - of the radiant flux

density St which at the upper edge of the at-

mosphere is reflected into space, to the solar

flux density S ox Abscissa turbidity factor T.

- refractive index in = 1.5 (scattering only)

----- - ---M = 1.5 - 0.02 i (absorption included).

Zenith distance of the sun Z = 370, surface albedo

A a o.o (above) and A = 0.25 (below).

) 4 Wavelength.

Fig. 13 Same as Fig. 12, but tocal absorption of the at-

mosphere in case of absorbent aerosol particles.

Fig. 14 Spectral divergenr'es of radiant fl,,xes (abscissa)

at different heights (ordinate) in percent of the

downwards radiant fluxes.

Fig. 15 -...-. measured and calculated results of sky,

radiance performed at the Observatory Ilohen-

peissenberg, South-rn Bavarla alt 985o m, June 1971,

including scatterinC of higrher order. bolar ele-

vation 300, Measured turbidity fakLor T 3.9.

Aerosol size distribution model after Junco,

ýN v* = 3.5 ordinate bky radiance, abscissa scattering

angle (solar al.micaintar).

P-ig. 16 Measurement results of haze extinct.on aD of the

solar radiation (Observatory Hohenrpetissenberj,) for
two uaveLeuigths at different solar elevationis.
(ordinate a D, abscissa solar elevation, a.m. and

p.m.). Hatching indicates anomalous extinction

a) oct 2, b) oct 3. 19971.
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Fig. 17 19 Measurement results of iky radiance (6rdinats)

in 'the' solar al'icantar (abccissa soatterine

angle) at ditferent solar elevations. (Obser-

: , vatory Hohenpei3senberg). 0 wavelength!

X = o.4o5 j, 1 X = o.443 o, 2 A , 0.548 J,

3 A'= o.639,A, 4 A a o.7o8 ji. No I - 7 october
S2 p.m., 8 - 13: oct a.m.. 14 - 21: oct 3 p.m.

, Fig. 2o - 25 Measurement r~sults of the parameters: the mean

denity (f), t he realart of refractive in-

dex n (f), the volume ratio V (c)/V , tile mass
0

ratio w(f)/mo, The extinction coefficients of

the air born particles "K,(:)/, G1; - as aSfunction of the relativq humidity of the air ,

f' reap. I - f. Decreasing resp. increasing

relative humidities are indicated by arrows.

Fig. 2o summer 1966, Mainz. Fig. 21 January

197o, Mainz. Fig. 22 summer 197o, Observatory

I1ohenpeiosenberg (96o m,'alt)., Fig. 23 ocean

sea spray. Yig. 24 Apr.-l 13 - 16, 1969,,"Meteor"

North Atlantic. Yig. 25 April 16 - 25, 1969,

"Meteor" Atlantic, the air contains Sahara dust.
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I. ntitoductlion

Studies are needed to determine scattering, reflection, ab-

sorption and emission by particles which are suspended in

the atmosphere.'-Th• ole of atmospheric aerosols in the beat

-balance, radiaiton net $luxes and radiation divergences

remains one of the great importances - and uncertainties -

of the explanation of how the atmosphere behaves. To assess

,the contribution of particulate pollutants to radiative pro-

cesses and radiative transfer, it is necessary to know the

radiation characteristics of natural and anthropogcnious

particles. Also effacts such as the influence of water vapor

'rnd relative humidity on the extinguishing properties of

aerosol particles are still not well known. The same is true

on the double role which aerosol playein scattzxing and ab-

sorbing radiation.

This study should be a contribution to claryfy some of the

problems which concern the atmospheric radiation trans-

mission, radiant fluxes through the atm'osphere for clean

and polluted atmospheres and its modification with in-

creasing pollution,,
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U. The Rvaluation of Atmospheric Aerosol Particles by

Means of Optical Radiation Measurements

I. Aerosol Particle Sis. Distributions

Various types of aerosol sime distribution have been

plotted in the Fig. 1. They have been selected for

I " three aspects:

a) The curves 3, 4, 3 and 6 are valid for *ime dis-

tributions which have been measured in a clean

atmosphere, R. Jasnicke, C. Junge,H.J.Kanter

197o (1)
b) The continental atmosphere is represented by the

siie distribut'ons of the curves I and 2 C. Jungs16 a,,o 1)

c) The size distributions which are characterized

by the curves 7, 8, 9 and lo are those which the

"optical radiation computations have been based

upon. They enable one to show the influence of

the aerosol particle size distribution on the

radiational 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 aerosol.

K3



2. •xtinction of Radiation

The attenuation 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 susponsoids as

well. This report deals only with the itfluence 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

model 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 a 2, refractive index m a 1.5, height of

the homogenous turbid atmosphere H D = 1.25 kin, ima-

ginary part of the complex index of refraction

k a o and for 3 exponents of aerosol particle size

distributions v* a 2., vp* a 3 and v* n 4. (The

curve 7 in the Fig. I refers to v* = 3).

-4-
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The assumption of an aerosol particle size distribu-

tion following a power law implies the relations The

turbid extinction coefficient aD (k) & X

The aforementioned tabulations reveal the followings

The variation of the boundary radii, i.e. rI the lower

and r 2 the upper radius, shows that the significant
radius range falls in between o.1 g < r < lo p. Thus,

the extinction only slightly changes due to a chaugo

of the particle number within the radius ranges

r < o.1 p or r > lo g resp. Quite another relation

between the extinction and the wavelength results from

Pn 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

No 8 and 9 in the Fig. 2 b); the values have been

taken 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 u o.18 g is re-

0
presented by the curve lo in the Fig. I. Such an aerosol

particle size distribution yields a wavelength dependent

extinction corresponding to the curve lo in the Fig. 2 b).

It is obvious that the decrease of extinction with in-

creasing wavelength as obtained due to a power law dis-I tribution of the aerosol over the continent, does not

-



shew in case of a Gaussian distribution of the aerosol

particle alse. The absence of aerosol particles with

r (e.18 p results in shifting the maximum of extinction

inte the green or red portion of the visible radiation.

Neasuremnts of the spectral extinction coefficient have

verified this re•ationt K. Bullrich, R. Eiden, R.

Jaenicke and V. Novak 1968 (6) in Hawaii; K. bullrich and

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

l19 (8). Anomalous extinction, i.e. increase of the

extinction with decreasing wavelength except for de-

creasi•g eotinction in the blue portion of the visible

radiation, hws been found by U. Kurtz and D. Silz in a

(9)few measurements taken at Nainz 197o J) Silz has ob-

served this phenomenon especially on the Atlantic coasc

(Bretagne) during the sea breeze regime. Biased results

are yielded if tbe interpretation of the measurements

is based upon a constant index of refraceton. 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. H~nel and k. Bull-

rich 1970 (Io) and G. H;nel 1971 (11); see also

Chapter Vlof this report.

S~-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 distribLtion represented by

the curve 7 in the Fig. 1. The scattering functions

for the wavelengths o.4 p and 1.2 g have been

plotted in the Fig. 3, the abscissa shows the

scattering angle 0 in linear scale, the ordinate

shows the scattering function for an air volume

containing only aerosol particles, in logarithmic

scale. The numerical values have been taken from

tabultitions compiled by E. de Bary, B. Br.aun and

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

to be seen that all the values referring to

a = o.4 I are greater than those referring to

X a 1.2 p. The integration taken over $ yields

the extinction coefficient with the ckiracteristic

wavelength dependence, represented in t'ne Fig. 2 b).

The significant range of the particle radii as re-

vealed from the tabulatior6 falls in between

o.o6 g C r 4 30 k. The assumption that the aerosol

particles are absorbents)K. Fischer 1968 (12))

yields decreasing values oa' the scattering function,

especially in the range of backward scattering.

The Fig. 4 showa computations of the sky radiance

for the wavelengths 1.4 I, o.65 A and 1.2 t, taken

from (3) for the almitcantar with the zenith distance

-7-
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Z = 6o0, T a 2, v* x 2.5 and v* , 4. The Fig. 4 a)

shows that in case of v* w 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 M that the values highly dtpend

on the boundary radius r 2. This is still 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* M 4. In this case, the upper boundary radius r2

is insignificant, whereas the sky radiance closely

responds to the lower boundary radius r,; the signi-

ficant radius range reches as far down as to

rI - 0.03 P.

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 = o.18 pjR. Eiden

0

Fxcept for the small scattering angle range; 9  i 5

and the great scattering angle range • a 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 computations of the extinction coeffi-



cient. The difference in the aerosol particle size

distribution as showing in the curves 7 and lo in the

Fig. I exerts a strong influence on the spectral

behavior of the scattering function and thus on the

extinction. Uvider 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 supersede those in the short wave portion

within the range of great scattering angles, too.

It. Degree of Polarization

The Fig. 6 shows the plot of the degree of polari-

zation of an air volume containing only aerosol

particles, for two wavelengths as a function of

the scattering angle O from 00 through 18o

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

efrect of the influence exerted by the small par-

ticlos. v* a 2.5 implies a relatively great number

of large particles. The relevant lower boundary

radius han been set rI = o.o8 p, i.e. the distri-

bution has been truncated at this radius. v* m/
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implies a relatively great number of small particles.

The relevant lower boundary radius has been set r1 - a.o4 0

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 observed. 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 deog-ee 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

,W > 12o°. 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 (.) which represent the degree of polarization of an

air volume as a function of the scattering angle v . 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°0 Lf 4 16o0 the degree of polarization at the

wavelength A = o.4 p is higher than at A n 1.2 p.

If, however, the computation is based upon-a Gaussian distri-

bution with the collective raditis r0 = o.18 P corresponding

to the curve lo in the Fig. 1, almost the reverse is true,

as it can be seen in the Fig. 7 b). The latter shows that
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within ae angle range 00 < + < 1520 the degree of po-

larization at X a 1.2 g is higher than that at X - 0.4 g,

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

Summary

The extinction, the scattering functi-n and the degree of

polarization as functions of the wavelength and the scat-

terirg 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 aerosol 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 measuring methods.

III. The Stokes's Parameters of 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.

-Ll-



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

tne clarification of this relation.

By way of simplification, it has been tried to investigate

the influence or refractive index variationr within an aero-

sol particle size distribution under the assumption of two

types of size distribution which are composed each of six

narrow Gaussian distributions (Fig. 8, 9).

Thi- way means an approximation to a power law distribution

which, in the range of sm,.ll particles, is followed by a

section of "constant" particle size. These composite aerosol

particle size distributions are called model I. and III. In

comparison with the model I, the beginning of the "constant"

vortion of the distribution has been shifted towards larger

particles in the model III; this means a greater weighting

of large particles within the size distribution.

The straight lines connecting the maximum values of the

Gaussian distributions at the radius r are expressed in0

the following ways

Model I dN 0
"n = o) o.1 r 4 o.18 g

0 0

dN -4
_n •a) n o.18 i 4 r 9 1.8dr 0 k .18 A I

0 0

Modell III

dN o0 o.1 r 0.55
dr r 0 o.55 p r

dN -4- 1.8
dr r 0 o.555 r 0

0 0

-12-
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The Gaussian distributions the model distributions have

been based upon are expressed with:

dNL a n exp A (log r/rA dr a 80o

Th* refractive indices M = m - it of the aerosol particles

in each of the model distributions have been variad in the

following ways

jAt the beginning, a uniform refractive index M 1 l.5-i.0.0

has been assumed for the entire size distribution. Then,

successively, starting at the small particles, a hize range

one after another, represented by a separate Gaussian distri-

I bution, is substituted by particles with the refractive

index N i.95 - i o.66 (coal),(see Table).

Tabl.e Radius r and the Particle Numbers pe- Radius

Interval n of the Maximum of the Gaussian Distri-

butlon, as well as the Refractive I dices of each
of the Gaussian Distributions.

For these models and refractive index distributions compu-

tations have been carried out for the Stokes's parameters

4, U and V or for their equivalent quantities P, tan P and

reap. as functions of the scattering angle $p . P is

the degree of polarization, tanf = + a/b is the ratio of

the axes df the ellipse described by the electrical vector

of the polarized portion of radiation, is the angle

between the main axis of the ellipse, b, and the plane of

observation (o 4 I < 0). The first of the btokes's para-

meters, I, has not been included in this investigation.
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P, tan and are mere ratios and thus, independent of

the absolute number of particles. The incident radiation,

which is otsject to the scattering effect, is oharacterized

by linear polarization with an angle of 450 between the

plane of polarization and the plane of oservation.

Discussion of the Computational Results

The computational results for the model I have been plotted

in the i'ig. lo. The degree of polarization, which is shown

in the Fig. lo a 1 /a 2 , undergoes noticeable changes due to

the appearfnce of coal particles in the size distribution,

especially within the range of backward scattering. The

degree )f Jpolarization decreases reaching a minimum value

for coal particles ir, the radius range r°0 = o.18 p. If,

however, -;he coal particles are shifted towards larger

particles, their influence lessens. This implies that under

t!!9 assumption of the model I a change of the refractive

index has an effect only in the radius range r < o.35 0.

The larger particles have an insignificant weighting

within the size distribution.

The surves of the ellipticity tan 0 have been plotted in

the Fig. lo bl/b 2 ; they show the -ame trend as the degree

of polarization of the model I.

The inclination of the plane of polarization of the

scattered light, is hardly changed by variations of

tl.v refractive index; only within the particle size range

r 0 o.3 o it shows a significant change (Fig. lo cI/c 2 ).

-14
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The results frr 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 = o.35 g. Now, it can

be seen from the Figures 11 a, b and c that the main offect

appears in the particle size rangc.s o.35 [, Ir r i l.o g.

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 K r d to p. With

increasing weighting of the large particles of the 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 > I A must be

expected to decrease in spite of a great weighting el these

particles within a size distribution, because tho scattering

on these particles becomes more and more independent of their

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

IV. The InfluEqict' of the Aerosol Particles on the Enerey

Balance Of Lhe ittmosphere in the Visible Range of the

Solar bpectrum

'This Chapter CUalti ui•th tle influence of the aerobol partic-

les on the energy balance of' tho atmosphere in the visible
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range of the solar spectrum. Computational results in-

cluding multiple scattering are given for tija radiation

fluxes and their divergence in a turbid atmosphere. Mex.tion

will be made only of those essential parameters which in

this context could not be taken into consideration until

now:

:A) The properties of the atmospheric aerosol particles which

effect Lie attenuation of radiation,

b) the multiple scattering of thb radiation of •he visible

spectrum in the turbid atmosphere.

This paper deals with the &pplication of motet computations

ur.der consideration of chQ multiple scatter 4 ng eflict in

order to invee Aigate 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 been assumed to be a

grey one. Results are given for both the radiation reflected

from the planet earth into space and the energy fed jito the

system surface - atmosphere of the earth, at various turbi-

dity factors and various values of' the ground albeo A.

The results have been obtained from the equation of radia-

tional transferibr si plane parallel atmosphere (5, Chandra-

sekhar 195o (13)) by means of a numerical computational

technique (G. Eschelbach 1971 (14)). All the data presented

are based upon the assumption of spherical aerosol part.:cles

with specific complex indices of refractioi, and with a radiius

size distribution following a power law (C. Junge 1963 (2))

with v* = 3.o and the boundary radii r= 0.04 4 and r 2 = o 11.

-. 6-
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Furthermore, it has been assumed that the particle number

per cmr decreases with height exponentially following the

factor ./D, with HD 1.25 km and h measured in km.

Finally, Lambert reflection is assumed to take place at

the surface,

1. The Reflection of the PJanet Earth

The Fig. 12 shows the percentage ratio R= of the
radiant flux density S X (energy per unit o? time,

wavelength and surface normal to the zenith vector) which

at the upper edge of the atnmosphere is reflected into

space, to the solar flux density S which is incident at

the uppar edge of the atmosphere at the wavelength X.

The calibration of the abscissa represents Linke's tur-

oidity factor T referring to X = o.55 A (T = I corres-

ponds to the Ravleigh atmosphere). The solid curves are

based upon a refractive index of the aerrsol particles

of m = 1.5. The imaginary part of the complex index of

refraction, which characterizes the absorption, is zero.

The broken curves reapresent the results for an index

of refrrction m = 1.5 - o.o2 i; thus, they account for

the absorption exerted by the aerosol particles. The

measurements, which have been taken dur!ng the last years

(G. Hdnel 1968 (15), K. Fischer 1966 (12)), have proved

that the real part being 1.5 is valid for relative humi-

dity values around 7o % and that the imaginary part

being -o.o2 is a rather realistic characterization of the

continental aqrosol particles.

-17-
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All the values of the figure refer to a zenith distance of

the sun Z a 36.90.

If the aerosol particles are non-absorbents, the reflection

increases with increasing turbidity in a practically linear

way for both A a 0 and A - 0.25. This implies that the

energy fed into the system surface - atmosphere decreases

with increasing particle number at all the three wave-

length under consideration.

E.g., at X = o.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 albedo the energy loss

of the planet earth due to the influ'-nce of aerosol particles

gradually decreases; at A = o.8 it alrist vanishes (here not

shown). This implies that the interactain of the r-adiation

field with the extinctive medium is compensated by the strong

reflection at the surface. The reflection of the planet earth

approaches that at the surface, i.e. at A = o.8 it increases

up to 0c 6.

In case of an absorbsnt aerosol, the planetary reflection

for A = 0 also increases with increasing turbidity, however,

at f smaller rate than without absorption. For A = o.25 the

reverse becomes true: The refLection decreases with in-

creasing turbidity. The greater number of extinction pro-

ceases at greater values of A results in a greater energy

absorption of the atmosphere so that less enero y is left at

the upper edge of the atmosphere for going out into space.

Thus, the addition of aerosol effects that the system at-

mosphere - surface gains energy, which e.g. for X o.J&5 4

and T 4 4 amounts to about 1.7 'b in comparison with the
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Rayleigh atmosphere.

For A a o.8, the interaction with the extinctive medium is

not compensated bj the reflection at the surface any more:

The planetary reflection decreases with increasing turbidity

factor, e.g. at X = o.45 p and T a 4 it decreases by about

11 % 1in comparison with T = 1.

2. The Total Absorption of th, 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 Sox, The abscissa again represents the

turbidity factor T. The total absorption shows a practically

linear increase with increasing turbidity, while the rate

of increase grows wi.th increasing values cf te 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 - surfacs in comparison with the

Rayleigh atmosphere a& 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 energy

fed to the surface in comparison with a non-absorbent at-

mosphere.
E.g. at X = o.45 p and A = o.25 and T = I the surface re-

ceives about 69 * of Lhe incident spectial solar flux density;

in case of a non-absorbent aerosol with T = Is this percentage

is reduced to 66 % in case of an absorbent aerosol, however,

it is as low as 50 %.

-19-
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The above values of the reflection and total absorption are

of the same order of magnitude as those published by G. M.
Yammoto 1971 "(16): for a larger wavelength range and

slightly differing parameters though.

3. Radiant Divergence

The energy 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 spectral radiarat 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 oA, expressed as % per kin, as a fun~ction of

the height h km for T x 's and the zenith distance of the

sun Z a 36.90.

The striking feature of the run of the curves is the fact

that at Z - 66.5 0 and A =O :::- .... '.. •-w the spectral

divergence near the surface is greater for A = -.55 P than

for A = o.45 il, though the reverse is true with the relevant

volume absorption coefficients. Obviously, the greater

volume absorption coefficient related wi th smaller wavelengths

is overcompensated by stronger attenuation of the direct

solar radiation because of greater optical thickness due to

the great zenith distance of the sun.

The spectral divergences in the figure enabLe one to road

out the energy which is absorbed per unit of time and volume

at a specific height in the spectral iaterval between

S= o .45 p and X a o.55 i.

-2o-
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The following table lists the values for Z - 36.90
-1O 3

at the heights of 0 and 1 km, in cal win cm

k A m0 A o.25 A o.8

0 o.12 • 1o6 o17 • lo6 0.29 • lo-6

-6 -6 -6
0 o.o2 lo o.12 1o o.29 lo

I . 6 ,

For reason of comparison, mention is made of the corres-

ponding value for the absorption exerted by water vapor

taken over the entire solar spectrum of an atrmosphere with
-2

2 g cm water vapor at thr surface according to W. T.

Roach 1961 (17); it amounts to o.4 * lo 6 cal mjn 1 cm 3

The corsidaration that the Pacident radiation between

A a o.45pand X . 0.55 P is only about 15 % of the total

solar radiation leads to the estimate that the energy

rates due to the aerosol absorption in the total solar

spectrum amount to -values near the surface which supd.rsede

those cf 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 walch is of an order of magnitude that cannot

be neglected any wore. Especially, the absorption which is

exerted by the aercsol, must be taken into account and this

results in th- nacessity of measuring exactly the imaginary

part of the coirp>'L refractive index of aerosol. The latter

-ZU-
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maY reach an influence on the heating rate in the atmosphere

which is of similar importance as that of the water vapor

absorption.

V. Measurements. . ult. of the ,pectral Solar Extinction

and Sky Radiance Performed at the Hohenpeissenberg

Observatory. Southern Bavpria. 98o m alt

Measurements of soiar extinction and sky radiance have bc. 'n

done to compare the calculated values of the sky radianze

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 Jurhe 1971.

The calculated results are based on the new theo,':.stical

method by G. Eschelbach 1971 (14) which inclijdes the scattering
of higher order in the turbid atmosphere. There have been

used the model 7 on Fig. 1, of an aerosol si7-zi distribution

which has bsen measured in Middle Europe meotly. The re-

fractive index of the aerosol particles has been measured

by G. 11inel.

It 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 Iiohenpeissenbe:•g performed in October 1971.

They show the diurnal variation of the spectral extinction

and sky radiances at different bcatteriitg angles, different

solar elevations and different wavelengths.

-22-
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VI. Results of Measurements of the Phy ical 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 program. The results are presented in the

figureb 2o - 2). The following parameters have been plotted

as functions of the relative humidity f: The mean density

1(I'), the real part of the mean complex index of refraction

n (f), the volume ratio V (f)/'( , the mass ratio m (f)/imw.

the extinction coefficients of the air borne aerosol particles

6D," 6'- L1 2/3, G. inel 197 1

"The ratios Vrfj/V° and the ratio "(f)/ C have been

plotted in double logarithmic scale as iunIctions C.1 0i - f),

the others in linear scale.

Eor some samples, the Figures also show vatues for decreasing

relative humidities as indicated by arrows. The value of the

volum* growth coefficient • close to f = o for increasing

relative humidity could not be determined with the equipment

aL hand; therefore, it has been set.' 0(1, = o) = o.

The weasurement6 show that at low relative hitimidities the

mass of' water condensed on the aerosol particles is but Small.

No sooner than from f = o. 5 to o. 7 on the samp]es adsorb

larger amounts of water. Ihe same feature is valid for the

volume of the samples and for the exLinction coefficient of

the ),,, ticles. Coa,-sequa tlyy, the wiieau dersiLty and the real

part ol the milean coL)plex index of refrtiction (except for the

IFig. 2o a) only slightl.y decrease at low relatlive humiditieb.

Whereas at high relative humidiiities their values gradually

come close to those of water.

-23-
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The volume growth coefficients show particularities in tbd

volume growth as a function of the relative humidity. At

f a 1, they have finite values Isee G. Hlnel 197o0'13)

Fig. 1).

Furthermore, it is a striking feature that there are different

results obtained at increasing or decreasing relative humi-

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

.creasing relative humidity than at increasing relative humi-

dity. This hysteretic effect has already been described by (11)

(19) 2.0 (1)
f. Wall (1942)\ ), C. Junge (1952) z°, C. Orr et al. (1958)

and P. Winkler (1969)4 ". Speci.al experiments in this in-

stitute and computations conducted by R.Defay et al..(1966)(z3)

indicate that a suitable choice of the pre-condition with

regard to the change in humidity, 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

depend on tUe 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 b,. neglected.

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

subject to hysteretic cffecta. E.g. the values of the ratio

r K(f = o.9)/ IT K fall in between 2 and 5.

This leads to the cornclusion that more measurements are needed,

a thorough investigation into the hysteretic effect is im-

portant, because the relative humidity values related with it

do frequently occur under atmospheric corditions.

_24-
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VII. Conclusions

.ince some years research on atmosp~eric 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

atmospheric aerosol particles have been investigated com-

prehenaively. They depend on the material of' the aerosol

particles (demonstrated by the complex refractive index). It

could be shown that the material changes localy and temporally.

These chantces are dependend on the relative hujidity of tho

air strongly. In spike of the submiitted resilts it is ne-
cessary to perform soaie more research in this field. We need
an increased research 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 ii\tervalls the

refractive index and the detailed size distribution of par-

ticles should be determined at selected places in both clean

and polluted air. Furthermore more detailed rnasuremeuts of

the 4 stokes parameters would improve our knowledge of the

optical behaviour of our atmosphere.
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