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ABSTRACT 

The absorption of radiation by natural aerosol particles was measured in the 8-13 
micrometer wavelength interval. A comparison was made between an in situ method 
and measurements of particles of deposited form. The results are in agreement to 
about 30 percent. The main feature of aerosol absorption within the infrared window 
is a strong absorption peak near 9 micrometers caused by sulfate or quartz particles 
present in all continental aerosol types. Consequences for the atmospheric heat balance 
are clear sky cooling rates growing from about 2 per cent in the tropics to about 20 
per cent of the total cooling in arctic regions under normal conditions, additionally 
increasing with increasing relative humidity. 

1. Introduction 

During recent years attention has been in- 
creasingly focused on possible change of local 
and global climate caused by particulate matter 
ejected in excess by human industrial activity 
into the atmosphere. The major mass of par- 
ticulate matter consists of particles of radii 
between 0.1 and 10 pm being suspended in the 
air and strongly interacting with solar and 
terrestrial radiation. Radiant energy is scat- 
tered and absorbed by aerosol particles. 

The part that the absorption of radiation by 
aerosol particles plays in the atmospheric radia- 
tion budget is unrevealed as yet partly due to 
the prediction that the optical depth of atmos- 
pheric aerosol particles is exceeded by that one 
of the atmospheric gases by some orders of 
magnitude. However, investigations in the at-  
mospheric window regions have pointed out 
disagreements between measured and computed 
values of sky radiation suggesting the presence 
of an additional absorber being comparable in 
strength to the known absorbers like H,O, 0,, 
O,, N,O, CO, and CO (Hinzpeter, 1957; Roach, 
1958; Robinson, 1963; Leupolt, 1966; Quenzel, 
1967; Cox, 1969). 

Consequently, it has been demonstrated that 
aerosol particles are composed of chemical sub- 

stances like soot that are of considerable ab- 
sorption (Forster & Honvarth, 1968). Similar 
results are reported by application of the KBr 
method to mineral dust (Hoidale & Blenco, 
1968) and to residues of precipitation (Volz, 
1972, 1973). Furthermore, there are measure- 
ments of absorption performed on films of 
aerosol particles collected by jet impactors 
(Fischer, 1970, 1973, 1974). 

Unfortunately these methods are hardly com- 
patible with each other because of the different 
experimental techniques. However, for the infra - 
red window Grass1 ( 1 9 7 3 ~ )  has reported a pro- 
cedure that yields evaluations of the absorption 
index of aerosol particles of in situ status by 
measuring the sky emission and separating the 
different atmospheric absorbers. 

In  this paper-for the first time-a com- 
parison is presented between the properties of 
absorption of aerosol particles suspended in the 
air by contrast with the absorption of a de- 
posited fraction of those particles, i.e.: for the 
analysis according to Grass1 the sky emission 
has been measured, while simultaneously aerosol 
particles have been collected by a jet impactor 
for the determination of absorption according 
to Fischer (1974). 

The investigations of absorption are confined 
to  the 8-13 urn wavelength interval. In this 
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range long wave radiative transfer is most in- 
tense in the lower atmosphere. Furthermore 
absorption by aerosol particles can be of the 
same order of magnitude as water vapour ab- 
sorption. Only in the tropics water vapor con- 
tribution to sky emission is so strong, that 
particle effects can be neglected. 

2. In situ measurements 

The absorption of airborne particles was suc- 
cessfully separated from different other ab- 
sorbers at 4 wavelengths in the 8-13 micron 
window (Grassl, 1973~). In confirmation of the 
particle absorption found from a set of 78 
measurements in Mainz, West Germany, during 
March to November 1972 the nearly unchanged 
value of particle absorption should be mentioned 
along with strongly changing dependence on 
water vapour of all the other water vapour ab- 
sorption types. The different absorption types 
of water vapor are due to water vapor lines, 
wings of distant lines and a new type of ab- 
sorption depending on water vapor pressure e 
besides water vapor mass, in the literature re- 
ferred to as e-type absorption. The values ob- 
tained (optical depth) from these sky emission 
measurements have to be made comparable to 
values of the mass absorption index measured 
on deposited samples. The following assump- 
tions were necessary: 

(1) The aerosol particle size distribution was 
chosen to be a power law distribution of the 
form n ( r ) ~ T - ' .  As it was shown by Bergstrom 
(1973b) the particle absorption is only slightly 
depending on the size distribution and is 
linearly depending on the imaginary part of 
the refractive index in the infrared, provided 
that the imaginary part does not surmount a 
certain value. Therefore the above assumed 
particle size distribution is probably of no in- 
fluence on the results of the conversion. 

(2) The measurements a t  Mainz were per- 
formed at a mean relative humidity of 60 per- 
cent. The particle growth with relative humidity 
should therefore be included. Fortunately one 
can use values of-for example-an aerosol 
sampled at Mainz as given by Hiinel (1972). 

(3) As to the density of aerosol particles the 
value of 2.6 g/cm8 was chosen according to 
Hiinel (1972). 

(4) The absorption of airborne particles can 
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only be determined for a set of measurements 
because of a statistical evaluation. Therefore 
only mean values can be compared. Thus a 
comparison of different years including all 
variations of air masses seems reliable. The 
mean value for airborne particles was deter- 
mined from measurements in 1972, and for de- 
posited particles from measurements in 1973/74. 

Comparative measurements were 8180 per- 
formed at Mitzpeh Ramon, High Negev desert, 
Israel, in May 1973. Considering the results 
from Israel, however, some reservation is ad- 
visable because of a slightly different evalua- 
tion: The variation of water vapour content and 
turbidity necessary for a separation of different 
absorbers was too small. Therefore the water 
vapour absorption-mainly e-type absorption- 
was introduced as determined by measurements 
at Mainz, and the residue obtained is the par- 
ticle absorption. That means, a fixed absorp- 
tion by water vapour was adopted. 

3. Measurements on deposited 
particles 

The absorption index which was evaluated by 
the measurement of the sky emission is com- 
pared with the absorption of radiation deter- 
mined by the transmittance of films of closely 
packed aerosol particles. The aerosol particles 
were deposited by an automatic jet impactor 
(Hiinel, 1968). Rolled AgCl monocrystals were 
used as transparent substrates. 

By correct adjustment of the impactor and 
owing to their natural size distribution the vast 
majority of aerosol particles deposited are of 
radii T < 1 pm. Thus to a good approximation 
the collections by the impactor yield represen- 
tations of those collectives of aerosol particles 
which-due to their concentration and size 
distribution-mostly participate in the radia- 
tive transfer in the atmosphere. 

The optical measurement and the evaluation 
of the absorption index is described elsewhere 
(Fischer, 1974), so it will only be mentioned 
that-essentially-the absorption of infrared 
radiation is determined by the difference in 
transmittance of two samples of slightly dif- 
ferent thickness consisting of particles of iden- 
tical collectives. 

The quantity of absorption is presented in 
terms of the so-called mass absorption index 



524 H. FISCHER AND H. ORASSL 

kle, i.e. the imaginary part k of the complex 
refractive index 6 related to the bulk density e 
of aerosol particles. The density is determined 
by a separate procedure. According to Hanel 
(1972) e = 2.5 g/cm3 is a realistic mean value of 
aerosol particles collected at Mainz (this value 
is related to the relative humidity of about 50 %). 
The density of the desert particles has not been 
determined as yet, but in this case e = 2.5 g/cm3 
seems to be a reasonable assumption, too, par- 
ticularly because the density of quartz and 
further significant clay minerals is approxi- 
mately of this value (Weast, ed., 1973). 

4. Sites of measurements 

Measurements of the radiative sky emission 
and simultaneous collections of aerosol particles 
were arranged near Mainz city which is situated 
in a heavily industrialized region. The com- 
bined experiment was also performed in un- 
contaminated air at the remote site of Mitzpeh- 
Ramon in southern Negev, Israel, for (1) any 
prediction concerning the development of the 
disturbed atmosphere must be based on the 
understanding of the conditions of the un- 
disturbed atmosphere, and (2) aerosol particles 
of desert origin are considered to be an important 
factor in global radiative transfer, particularly 
as great desert areas, e.g. the Sahara, are 
sources of continual long range transport of 
mineral dust in the atmosphere (Carlson et a]., 
1972; Jaenicke et al., 1971). 

5.  Results 

In  Fig. 1 there is presented the mean mass 
absorption index of Mainz aerosol particles in 
the 7-12 pm wavelength interval according to 
the two independent methods. The triangles 
stand for the results obtained from the evalua- 
tion of the sky emission measurements. They 
are related to a density of e =2.5 g/cmS of the 
aerosol particles. Furthermore, the mean mass 
absorption index is plotted, which is determined 
by measuring the transmittance of films of 
aerosol particles. The values obtained by both 
methods are in good agreement. 

The broad absorption band, centered a t  9.2 
pm, is-in correlation with an intense band at 
16.4 pm (see Fig. 2)-assigned to the stretching 
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Fig. 1. Mean mass absorption index kle vs. wave- 
length of aerosol particles at Mainz as determined 
on deposited samples - - * - a  and by measurement 
of the sky emission and computational separation 
according to the different atmospheric absorbers A .  
The samples by impactor were taken during the 
years 1973/74, the “in situ” plot refers to 78 meas- 
urements between March and November 1972. 

vibration of (S04)-e ions, although it should be 
mentioned that this  broad band may cover 
bands of the C-0 and C-N stretching vibra- 
tions (Weast, ed., 1973). 

In  Fig. 2 the mass absorption index measured 
on deposited aerosol particles is plotted for 
set of single days as an example of possible 
variations of the absorption band at 9.2 pm 
due to the actually prevailing type of aerosol 
particles. 

In Fig. 3 there is recorded the mass absorp- 
tion index of aerosol particles that were col- 
lected during a dust storm (sharav) indicating 
a marked content of quartz-like substances due 
to the typical dublett at 8.8 and 9.4 pm. In  
this case the corresponding in situ measurement 
was not feasible. The second plot of Fig. 3 
refers to particles which were collected during 
a set of days of similar weather conditions (sub- 
sidence). The doublet of quartz can be dis- 
tinguished, too, but further bands, e.g. of (SO,)-* 
ions, are superimposed. With regard to the 
necessary precautions discussed in chapter 2 
the values obtained by the measurement of 
the sky emission can be considered to be in 
agreement with the absorption index of de- 
posited particles. 
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Fig. 2. Mass absorption index k/e vs. wavelength of aerosol particles sampled by impactor a t  Maim during 
a set of days of different prevailing wind condition aa a demonstration of possible variation of the absorp- 
tion index. 

400 Sharav 16.5.1973 

airborne particles 18.-21.573 

wavelength [wn] - 
FG. 3. Mean mass absorption index k/e vs. wave length of aerosol particles a t  Mitzpeh Ramon, Israel. 
Measurement of collected samples x - x in comparison to resulta obtained by the “in situ” method A. 
Additionally the mass absorption index of particles of dust storm (Sharav) origin is plotted. 
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I t  A = 0.25 

3 = 0  
9 = M O  

Pig. 4. Heating (S, for k = 0.02 and S,  for k = 0.01) and cooling I (for US standard atmosphere and ab- 
sorption indices according to Grass1 ( 1 9 7 3 ~ ) )  in dependence of the optical depth of the aerosol in the 
visible region at the equinox at 50” latitude, and at a surface albedo of A =0.25. The plot of A’,- 1 
presents the net effect due to aerosol particles. 

Attention is attracted to the relatively poor 
agreement at  9 pm that deserves further dis- 
cussion. According to Bergstrom (19738) the 
MIE absorption coefficient in the infrared is not 
a strong function of the size distribution of the 
particles. So the modification which the size 
distribution of airborne particles-mainly with 
regard to radii r < 0.15 pm-undergoes during 
the collection process in the impactor should be 
of no effect. The MIE absorption coefficient is 
linear with the absorption index up to about 
k = 1.25. However, it is not determined as yet, 
if the mean absorption index obtained from de- 
posited particles can be transferred to all par- 
ticles or if it is due to a few highly absorbing 
particles along with a non-absorbing residue. 
In  this case the linearity between MIE absorp- 
tion coefficient and absorption index fails, and 
the evaluation of the absorption index even may 
not be single valued (Bergstrom, 1 9 7 3 ~ ) .  

Furthermore, the disagreement at 9 pm could 
in fact be caused by a misrepresentation of 
highly absorbing particles in the impactor col- 
lections, or may be due to their absence in the 
sampled ground-near air volume or due to 
specific physico-chemical properties reducing 
the adhesion to the collector substrates (Wink- 
ler, 1974). 

Never-the-less, the results of the investiga- 

tion of the absorption index of both urban and 
desert aerosol particles indicate satisfactory 
agreement with respect to two such completely 
different methods of measurement. The two 
methods of evaluating the absorption index- 
by measuring the sky emission and by investiga - 
tion of the transmittance of films of deposited 
particles-can be considered as equivalent. 
Moreover, the latter method is of more general 
application because of its independence on 
favourable weather conditions. 

The most remarkable fact found in these in- 
vestigations is the significance of strong bands 
of aerosol particles exactly in that part of the 
infrared region of the spectrum which is named 
“the atmospheric window”. All but marine 
types of aerosol particles tested so far are of 
marked absorption in that region (Volz, 1972, 
1973; Fischer, 1974). Furthermore, short wave 
radiation is also absorbed by aerosol particles 
(Fischer, 1973; Chin-J-Lin et  al., 1973; Lind- 
berg et al., 1974). 

6. Consequences to the radiation budget 

Influences on heating and cooling rutea 
Any infrared absorbing material is an emitter, 

too. The atmospheric infrared window from 
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8-13 micron is the only region where weakly 
absorbing particles can contribute remarkably 
to  the radiation budget. All particle-loaden 
layers of the atmosphere will emit radiation 
and are thus contributing to radiation fluxes 
and radiative flux divergence. I n  two recent 
papers (Grassl, 19733,  1974a)  the contribution 
to radiative cooling in the infrared was shown 
for different climates and for a temperature in- 
version with all particles trapped below this 
inversion. For standard atmospheres the aerosol 
contribution to cooling rates at an  optical depth 
z = 0 . 2  at 0.55 micrometer is growing from 2 per 
cent in the tropics to 2 0  per cent of the total 
cooling rate in the arctic regions. Below tem- 
perature inversions at high relative humidities 
the aerosol contribution is comparable to the 
water vapour contribution. 

In the visible and near infrared part of the 
spectrum absorbing particles lead to a heating 

of the particle-loaden layers of the atmosphere 
as it was shown by Eschelbach (1972), Yama- 
mot0 & Tanaka (1972) ,  and Grassl (19743)  and 
as it  was measured during Camex by Kondra- 
tyev et al. (1973) .  I n  the solar and terrestrial 
part of the spectrum the imaginary part of the 
refractive index of aerosol particles is strongly 
depending on relative humidity, however, in 
an  opposite way. Since heating at dry conditions 
dominates cooling and cooling is stronger at 
high relative humidities there is always a 
distinct relative humidity where cooling bal- 
ances heating. 

I n  Fig. 4 an  example is presented for the net 
effect (plot &I) of heating due to short W8Ve 
absorption and cooling due to long wave emis- 
sion. Obviously there are climatological regions 
where a compensating effect can be expected 
between the two opposite radiative flux diver- 
gences. 
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rIOI‘JIOuEHME B03AYIlIHbIMM M OCAXAEHHbIMM YACTMUAMM B MHTEPBAJIE 
8-13 MMKPOMETPOB 

CYTCTBYIotqHMU BO BCeX THIIaX KOHTHHeHTaJIb- 
HOrO a 3 p 0 3 0 J I R .  CJIenCTBHeM 3 T O r 0  TellJIO- 
BOP0 6 a n a ~ c a  RBJIRIOTCR CKOPOCTH BbIXOJIaHcH- 
BaHHR npa RCHOM ~ e 6 e ,  PaCTyIQHe OT IIpHMepHO 

CKOPOCTH BbIXOJIaHcHBaHHH B aPKTHqeCKHX o6na- 
CTRX I l p H  HOPMaJIbHbIX YCJIOBHHX C n0nOJIHM- 
TeJIbHbIM yBeJIH4eHMeM C POCTOM OTHOCHTeJIb- 
HOfi BJIaHcHOCTII. 

2 %  B T p o n m a x  no n p a M e p H o  20% OT o61~4eti 
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