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AEROSOL SCATTERING OF ULTRAVIOLET SUNLIGHT

IN THE TROPICAL MARITIME ATMOSPHERE

A, Ghazi, A, J. Krueger and R, 8. Fraser
NASA/GSFC, Greenbelt, Maryland

ABSTRACT

The effects of atmospheric aerosol scattering on the vertical profile of solar
ultraviolet radiation at A = 3200A are investigated. Measurements of diffuse
and total (diffuse and direct) ultraviolet radiation were made using a rocket-
borne optical sonde in the marine atmosphere of Antigua (17.2°N, 61,8 W),
During observations, the sun was at zenith, Vertical profiles of directly trans-
mitted solar radiation are calculated by subtraction of the diffuse component
from the total radiance. Using these values of direct downward solar uv-flux,
the optical thickness of the atmosphere is derived as a function of altitude.
Absorption by ozone is also considered. In the troposphere the values of
observed optical thickness are in general equal to or lower than those expected
theoretically from Rayleigh scattering alone. These low values of ultraviolet
extinction can be explained in terms of strong forward scattering by Mie~type
atmospheric particles. The measured radiation profiles are compared with
those computed for a multiple scattering model étmosphere. Some computations

regarding the interaction of uv-sunlight with maritime aerosols are presented.
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AEROSOL SCATTERING OF ULTRAVIOLET SUNLIGHT

IN THE TROPICAL MARITIME ATMOSFHERE

1. INTRODUCTION

Atmospheric ozone has been studied systematically during the last five
decades but the observational data on the vertical attenuation of ultraviolet sun-
light by atmospheric aerosols are rather limited. The aerosol scattering
optical thickness of the atmosphere in ultraviolet has been reported to either
increase {Guschin 1968), or decrease (Rodionov et al. 1942) with wavelength,
or even become negative (Pettit 1932). This problem is of significant interest
not only for the accuracy of ozone measurements but also for obtaining valuable
information about the optical properties of aerosols in the ultraviolet. Recently,
Roosen et al. (1973) have investigated worldwide variations in the atmospheric
transmission through analysis of solar radiation measurements taken during
the first half of the twentieth century at thirteen widely separated stations.
Their reported extinetion in the ultraviolet for many sites was found to be equal
o or lower than that expected from Rayleigh scattering alone. Deirmendjian
and Sekera (1956) had suggested that the observed low extinetion values of solar
ultraviolet radiation, usually found at coastal stations, were parily due to the
presence of Mie-type particles with extr_emely high forward scattering charac-
teristics. Ground-based measurements of ultraviolet sky radiation made at

Cologne (W. Germany) with a narrow-angle scanning photometer (Ghazi 1973)



also indicated negative values of aerosol optical thickness in the region 3100-
3600A. Since the solar radiation in this region is abéorbed by atmospheric
ozone and is to some extent biologically active, it is interesting and useful to
study the effect of aerosols on the uv-sunlight.

In the present paper an attempt is made to investigate the effect of non-
absorbing atmospheric aerosols on the downward solar radiation at A = 3200A
at selected levels of the tropical maritime atmogphere. Measurements of ultra-
violet solar radiation were made at Antigua (17.2°N, 61.8°W) using a rocket-
borne optical sonde (Krueger and McBride 1968)., During the descent of the
sonde in the atmosphere, the sun being at zenith was obscured by its parachute
from time to time. Thus during obscuration only the scattered ultraviolet sky-
light was measured by the rocket-borne and parachute suspended optical sonde.
Vertical profiles of direct solar radiation at 3205A and 3220A are obtained by
subtracting the scattered component from the measured {(direct + scaftered)
total radiance. These direct uv-flux profiles are then used to calculate the
total scatftering optical thickness of the atmosphere up to an altitude of 20 km.
The measured uv-radiation profiles are compared to the theoretically predicted
vertical profiles of rocket-sonde measurements. In order fo further investigate
the optical characteristics of atmospheric aerosols interacting with uv-sunlight,
computations are performed for "realistic model atmosphere' and some signifi-

cant results are presented.



2. METHOD OF MEASUREMENT AND DATA REDUCTION

The experimental technique of the rocket sonde, which is primarily em-
ployed for the measurement of vertical profile of atmospheric ozone, is very
similar to one developed by Paetzold (1961) and has been described elsewhere
(Krueger 1969). It would suffice to state here that the optical sonde is equipped
with four narrow-band filters with their transmission centered at wavelengths
between 2650-3250A . For the determination of ozone profiles wavelengths
smaller than 3000A are mainly used. The light collector is a small integrating
sphere provided with a wide field of view to avoid the problems of pointing with
varying solar zenith angles (Fig.1a). The variation of anguiar response of the
light detector is illustrated in Figure 1b. The radiation is received at uniform
response between 0° < 8 < 60° and the response gradually decreases towards
the horizon.

Measurements of ultraviolet radiation are made, as mentioned earlier,
during the descent portion of the ﬂight when the rocket-borne optical sonde is
suspended by a parachute from an altitude of about 50 km downward to the
surface. The signal received on the ground at about every one second for the
A = 32004 filter is converted to digital form for computer analysis.

Measurements of two rocket flights made at Antigua on May 16, 1972
(F1t. 1) and May 23, 1972 (FIt. 2) are discussed here. The peak altitudes
reached were around 50 lan. The meteorological conditions af the time of the

flights were for
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Figure la. Schematic view of the light collector
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Figure 1b. Anpular response function of the rocket-sonde's light collector



Flt.1: Scattered Cu clouds (1/8) at 23-2400 ft. Winds 5 kts from east, Visi-
bility 30 km. Relative humidity 75%.

Flt.2: Scattered Cu + Sc clouds (2/8) at 2300 ft. Winds 6 kis from southeast,
Visibility ~30 km. Relative humidity 76%..

The position of the sun during the period of the descent of the sonde in the lower
stratosphere and troposphere on botﬁ days of ﬂighfs remained around zenith
(solar zenith angle Z ~ 0°~ 6°).l Obscuration of the solar disk by the parachute
subtending a half angle of 6° was therefore possible during most of the portion
of descent through the troposphere and lower stratosphere. In the present study
only the measurements made with the‘)\ ~3200A filter will be discussed since
the diffuse radiance measurements at wavelengths A <3200A are strongly
affgcted by multiple scattering and ozone absorption so that the signal to noise
ratio becomes critical.
The total radiation F; received by the light collector is given by E;

(pw emZA1)

F; = 2n fI(@) R(B)sin6 d & (D
where

F, = F,+F and F=F'+ F;

F, = Flux of directly transmitted radiation
F, = total scattered radiation received from the sky hemisphere
F = scattere:fl radiation measured with the obseured sun
Ge. [°R®) sin6d0=0)
S = scaf:t:ez'ed radiation for 8 < 6° of the solar disk (aureole contribution)



1(8) = intensity of incident radiation

=
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response function of the light collector

The individual measured values of FS' are at maximum about 50% of the total (F})
radiation measured at the same altitude. In this way it is easy to separate the
scattered componeﬁt of the measured radiance from the total. Radiation vs
height curves are obtained for both of the measured values. Although the data
are computer generated the final smoothing is done by a manual fit which we
believe is least subject to ervor. Radiation vs height curves include some
erroneous points. Possible exror results mainly due to the instability of the
parachute, inhomogeneity in the wall of the integrating sphere and the change in
sengitivity of the photomultiplier caused by the temperature variations in the
atmosphere. By fitting a curve manually fo the computer generated data points,
the error due to parachute instability and inhomogeneity of the light detector is
reduced 10 a large extent. The measured curves are corrected for about 3%
response variation of the photomultiplier. Consequently, we estimate the effec-
tive error in the measurements to be <4%. The effective transmissions of the
filter used in the two flights were calculated. The peak transmission of the
filter used in Flight 1 was centered at A = 3220A with a half-width of 50A. The

filter transmission for Flight 2 peaked at A =3205A with 45A half-width.



3. RESULTS

The values of measured radiation at 3220A and 3205A as a function of alti-
tude are depicted in Figures 2 and 3. Curves labeled 1, 2 and 3 represent
scattered (F)), direct (F,) and total (F) radiation profiles, Thé ﬁovmward
direct solar flux profile (F,) is obtainéd firstly by subtracting the values of
scattered radiation (F)) from the total (F;) at every 1 km interval bemg
from 45 km downward to the surface. Secondly, since this difference includes
the contribution due to aureole (F;‘) (see eq. 1) the values were corrected to
derive the direct flux profile. Figure 4 allows determination of the computed
contribution by aureole (F]) to the scattered radiation of the sky as a function
of altitude (see-section 4 and 5). Aureole contribution at the surface is about
2.8%. The direct solar ultraviolet flux profiles are thus obtained according to
ecquation:

F, = Fp —(F;+F) )
and shown in Figures 2 and 3 as Curve 2, Bars indicate the range of error in
observation. Figures 2 and 3 show that the measured scattered radiation
increases with increasing optical depth of the atmosphere. The change in slopes
of Curves 1 from about 20 km downwards is evident. This may be attributed to
the Rayleigh scattering becoming appreciable at that level whereas the ozone
absorption decreases rapidly from 20 km to the surface. | Nevertheless the
response characteristics of the light detector are also to some extent respon-

gible for this behaviour of scattered radiation profile. As the sonde descends
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Figure 2, Observed and computed vertical profiles of uv-radiance at 3220A.
Curves 1, 2 and 3 are measured scattered, direct and total radiation
profiles respectively. Corresponding computed profiles are labeled
1a, 2a and 3a. Solar zenith angle Z=0°, albedo a=0.06. Computa-
tion parameters are defined in Fig. 62, 6b, 9, 10a
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Figure 3. Observed and computed vertical profiles of uv-radiance at 3205A.
Definitions and parameters are same as in Fig. 2



into the multiple scattering layers of the atmosphere, the light detector receives
more light from the angles 6 > 90, thereby enhancing the total radiation
(Curve 3). A maximum in Curve 3 is reached near a level in the troposphere
from where the direct component beging to decrease rapidly due to strong
scattering and gquickly increasing optical depth. It is interesting to see that the
mentioned maximum in Curve 3 (Fig. 2) has a value about 17% higher than that
observed at the top of the atmosphere (~ 45 km). Only at about an altitude of

2 km the measured total radiation reaches a value equal to that measured at

45 km height. The strong decrease of measured total radiation in the middle
and lower troposphere is certainly due to molecular and aerosol scattering
since the ozone absorption in these layers of the atmosphere becomes insignifi-
cant. An interesting feature of the scattered radiation profile (Curves 1) is the

sudden change of slope at about 3 km altitude. The measured secattered
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Figure 4. Computed profiles of uv-radiance at A =3200& expected to be meas-
ured by the rocket-sonde with (solid line) and without (dashed line)
obscuration of the sun (¢ <6°). Parameters are same as in Fig. 2
capiion



radiation seems to change very little from about 2.7 km downward to the sur-
face. The reason for such a behaviouf is due to the total optical thickness of the
atmosphere reaching » value>1, after which no increase in diffuse radiation is
to be expected as supported by the model computations. Moreover, the atmos~
phere near the oceanic suriace would not enhance the scattered component very
much since Georgii and Gravenhorst (1972) report that the concentration of
background aerosol rear the surface of the Atlantic Ocean is almost equal to the
aerosol amount found in the middle troposphere of the continents (~300 particles/
cm3), Furthermore, the contribution of reflected uv-radiation from the ocean's
surface is expected also to be very small (~ 6%) according to measurements
made by Furukawa and Heath (1973).

Figures 2 and 3 show that the derived direct flux profiles are almost equal
in their values at A = 2205 and 3220A. The measured direct flux at these wave-
lengths is seen to be depleted by about 66-67% from the level at 45 km (1.6 mb)
to the surface. The attenuation of direct radiation in the biosphere (3.06 km
downwards) is very similar in magnitude to that computed by Braslau and Dave
(1973) for a realistic model 'C' of their study., Extinction of direct uv-sunlight
due to air molecules and aerosols is measured to be very strong in the tropo-
sphere and is much higher in magnitude than caused by ozone absorption alone
in the stratosphere,

Figure 5 allows the comparison between computed vertical profiles of the

45 km

Rayleigh optical thickness 7, = [ 7(h)dh at 32058 and 3220A and the scattering

h=0

10
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Figure 5. Comparison of measured values of scattering optical thickness 7,
and computed Rayleigh optical thickness 7, at 3205A and 3220A

optical thickness 7, of the atmosphere calculated from the derived values of
direct solar flux profiles.
=T 703 where

(3)

T = TR+TA+T03

=
i

o Rayleigh optical thickness

-3
ti

A aerosol induced scattering optical thickness
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7, = ozone absorption optical thickness o+ u {h)
3

o abs. coefficient of ozone cm’!

total amount of ozone at altitude h (atm-cm)

1]

u(h)

The values of Rayleigh scattering optical thickness were calculated from the
theory and corrected for the filter transmission. The effective valueé of Ty

at 3205A and 32207 are 0.906 and 0.887 respectively. For the calculation of
ozone absorption optical thickness, the rocket-measured values of ozone
distribution from 50 to 15 km altitude and the values given by McClatchey et al.
(1971) for standard tropical atmosphere from 15 km to the surface were used
(Figure 6a). For both days of flight the total amount of ozone in the atmosphere

was calculated to be 0,277 £ 0.002 atm-cm O,.
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Figure 6a, Vertical profile of atmospheric ozone used for computing
radiance profiles. Total ozone = 0.277 atm-cm
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For the derivation of aerosol optical thickness 7,(h) as a function of altitude

we used a simple relation:
7, (h) = Rl-&{(szn Fo = 2nF, () — a-u(h) 7 (P/PG) (4)

F, = flux at the top of the atmosphere (1.6 mb)

F(h) = measured value of direct solar radiation at height h
a = effective absorption coefficient of ozone at A = 3205 and 32204 ;
o (32054) = 0.640 cml; «(32204) = 0.568 cm™!
u(h) = total amount of ozone at altitude h
M = air mass (in our case M=1, while Z=0°)
P/P, = ratio of measured pressure at a level to the pressure at the surface.

The values of aerosol induced scattering optical thickness at the surface for the
doys of Flights 1 and 2 are calculated to be respectively 0.10 and 0.14, which

are relatively low,

As it can be seen from Figure 5, the values of total scattering optical
thickness are generally Iower or equal to the Rayleigh scatiering optical thick-
ness. In other words aerosols either contribute very little to the extinction of
ulfraviolet sunlight or they may even enhance the measured value of radiation
o an extent higher than that expected from the molecular scattering and ozone
absorption theory. We believe that these low values of uv-extinction are due to
strong forward scattering by large particles present in the maritime atmosphere
of Antigua. Further support fo this conclusion is furnished by comparing the
measured profiles of radiation with those computed using a realistic theoretical

model of the almosphere.

13



4. COMPARISON OF MEASUREMENTS WITH THEORY

The measured profiles of ultraviolet radiation can be compared to the
computed radiance profiles shown in Figures 2 and 3. The curves 1a,2a,3a
are computed using the computer programs for the caléulation of radiation flux
developed by Dave (1872). The computations are made for a cloudless, plane-
parallel semi-infinite atmosphere taking into account all orders of scattering.
Vertical concentrations of ozone and aerosol are specified and are represented
in Figures 6a and 6b. Details of computation are given in section 5.

In order to compare our measurements with the theory we modified the
flux calculations according to eq. 1; thus taking the response function of the
used light detector into account. This consideration is important because the

measured radiation profiles are different than the "flux" profiles {radiation
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Figure 6b. Aerosol height distribution adopted for calculations.
Total number of particles in one em? column is 1.4 X 107
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incident on a horizontal surface F=2#% f1(0)cosd sinh d #) which can be theo-
retically expected af the used wavelengths., Figure 7 illustrates the difference
between computed profiles at A = 32004 using the response function of the light
detector and the compuied flux profiles. As can be seen from Figure 6,

the shape of the curves (1, 1a and 3, 3a) of the scattered and total radiation
incident on a flat plate and an integrating sphere are dissimilar. The flux pro~
ile (3) does not show a maximum in the troposphere which is a characteristic
of the radiation profile measured by the rocket-payload. Both scattered and
total radiation profiles (curve la and 3a) show a higher value than the computed
flux profiles. However it is interesting to note that the downward direct solar

uv-flux remains the same in both cases.

650
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Figure 7. Comparison between computed profiles of radiances and theoretical
flux' profiles. Curves la, 3a are computed scattered and total
radiances as expected to be measured by rocket-sonde. Curves 1
and 3 are corresponding scattered and total 'flux’ profiles at 3220A.
Curve 2 is computed direct flux profile
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The excellent agreement hetween the theoretically expected and measured
vertical profiles of radiances is evident from Figures 2 and 3. The maxima of
total radiance profiles appear at almost the same level (~ 10 km). One can
also see a conformity between the observed and computed levels where the
values of direct flux and diffuse component become equal (~ 5-6 km). The
computed scattered radiation curve shows a stronger bend from about 3 km
downward to the surface than the measured profile of scattered radiation.

The direct solar flux profiles, derived from the measurements, show some-
what higher values of radiance than the computed profiles. Especially in the
upper troposphere the bias between the two curves (2 and 2a) is appreciable. -
This cannot be entirely due to difference in ozone absorption optical thickness
ohserved and computed at those levels, since even if ozone absorption is
neglected the computed flux profiles show a lower value and the discrepancy
remains. The reason for this dissimilarity is not well understood. It seems
that we a;re dealing here with aerosol layers of different spectral properties in
the ultraviolet. Experimental evidence regarding the existence of some
peculiar aerosol layer in the troposphere with 'anomalous' behaviour of spec-
tral attenuation coefficient in ultraviolet was given by Rodionov (1950). The
higher radiance values of derived solar flux profile lead to the calculation of
low extinetion values of ultraviolet sunlight and relatively low value of aerosol
induced optical thickness (Fig.5). There seems to be theoretical evidence that

forward scattering by large particles would increase the direct solax flux as

16



compared to the diffuse component. In order to study the characteristics of
polydisperse non-absorbing and purely scattering atmospheric aerosols inter-
acting with ultraviolet sunlight at X = 3200A, we have performed computations

soine of which are presented and discussed in the next section.

5. COMPUTATIONAL DETAILS

Models of the atmosphere used for the computations given here are for
cloudless sky and include 0.277 atm-cm of total ozone and an aerosol height
distribution similar to "Average dust'' model as given by Braslau and Dave
(1973). Particle number density varies with a strong exponential decrease
from the surface to about 5 k. and then remains fairly constant to about 17 km
and a layer of higher concentration (Junge Layer) is centered at around 23 km
altitude. Number of particles in a cm? column is taken to be 1.4 X 107 corre-
gponding to an aerosol optical thickness of 0.13 which is comparable to the
derived values from the radiation measurements.

The size distribution functions used for our computations are represented
in Figures 8 and 9. Figure 9 is obtained by fitting a log-normal distribution
to the maritime aerosol size distribution function as reported by Eiden and
Eschelbach (1973) and has been normalized to one particle/ cm’ for representa-
tion. The mode radius is 0.2 pym., Figure 8 is representative of mid-latitude
continental aerosol size distribution, This discontinuous distribution has a

maximum constant range of particles with radius r = 0.03 — 0.1 um after which

17
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Figure 8. Aerosol size distribution (continental): Curve A. Curve B represents
cumulative mass of aerosols as a function of radius, Ordinate at left is dn/dr
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Figure 9. Maritime aerosol size distribution used for the computation of
radiance profiles is normalized to 1 particle/cm’. Ordinate on
the left is dn/dr. n = number of particles em®, r = radius of
particles. Curve B is as defined in Fig. 8
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the distribution is based on power law with Junge exponent v* = 3 and an arhi-
traxry cut-off at 5 um. Assuming the low altitude particles to be mainly water-
coated in the marine atmosphere of Antigua, we have taken the value of refrac-
tive index m = 1.33 — oi. This is not a severe limitation to our computations
since Braslau and Dave (1973) have reported that in near ultraviolet the aerosol
scattering optical thickness varies negligibly with a change in the real part of m.
Figures 10a and 10b depict the computed phase function P(8) normalized to
47 (i.e. [f Pdw =47} for the maritime and continental size distributions respec-
tively. Curves labeled B in 10a and 10b correspond to ordinates at the right and

represent the cumulative phase defined as

F@) _
F{m

1 j Psin6do (5)
They allow to read out the magnitude of scattering as a function of scattering
aongle 6. As for Figure 10b only about 43% of the total scattering takes place
nﬁthin 20° of the scattering angle. However the ratio of forward to backward
scaftering is quite high with about 93% of the photons scattered within 90° of the
forward direction. For the maritime aerosols (Fig. 10a) the proportions are
somewhat different with about 55% of the scattering taking place within first 20°.
Figure 10a also shows that about 95% of the ultraviolet sunlight is scattered
within 90° by the maritime aerosols.

Figures 11a and 11b represent the probability density of scattering volume

crogs sections. Curve A is probability density function p.d.f.
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Figure 10a. Phase function (A) normalized to 47 is computed using maritime
aerosol size distribution (Fig. 9). Curve B represents cumulative phase

PHASE FUNCTION NORMALIZED TO 4 xFI

108 10
5 09
LU JUNGE, SLOPE = -4
A= 0.3200p
1!2!“ M=13333-1x0000¢ - pa
103 - a7
&
v — 0.6
s z
z
) ()
2 101 — 05 ;
I Iy
= 4
100 ~ 04 3
=
Q
1wl —{ 0.3
102 o2
) Hoa
w3
4 ) ! R N L o0

Q 20 40 50 g0 100 120 740 160  1BO
SCATTERING ANGLE IN DEGREES

Figure 10b. Phase function (A) normalized to 47 is computed using aerosol
distribution as given in Fig, 8. Curve B represents cumulative phase
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PROBABILITY DENSITIES OF VOLUME CROSS SECTIONS
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probability of extinction (B) as a function of radius of maritime
aerosols. A= 3200A
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Figure 11b. The same as Fig. 11a buf for continental aerosols (Fig. 8)

21



Pdf. = o () P(r.0) n(r)/4x

.0 (6)
where
o,(r) = scattering cross section as a function of radius T of particles
P(r,8)/4m = phase function
. P
2,0) = fo,0 T8 nw ar
4]

n{r) = number of aetosols
P, d. f. shows that the aerosols with 0.16 um and 0.25 pm radius would have the
strongest interaction with the sunlight at x = 3200A. Curves B in Figures 11a,
11b represent the cumulative extinetion probability Q (r) defined as

. ()
Q) = BT (7}

where
T

20 =fof n(rydr

ext
O

It can be seen that although the size range of aerosols is over several orders of
magnitude, aerosols with radii between 0.1 -1 um have a signi.ﬁcant interaction
with ultraviolet sunlight. This is true for both maritime and continental aerosol
distribution, although the mass of larger particles (r> ly) is much higher in
the maritime aerosol distribution than the given continental size spectrum.

This fact is illustrated by Curve B in Figures 8 and 9, which represents the

cumulative mass m(r) of aerosols

r
m(r) =fp%—1r n(r)dr ; p = density of aerosols
o
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It is interesting to investigate which of the aerosol sizes would be most effective
in forward scattering (8 = 0°-10°) of uv-sunlight. Tor this reason Figures 12a
and 12b are computed. They represent the probability density of phase function
defined as eq. 6.

It can be seen from 12a and 12b that aerosols that scatter ultraviolet radia-
tion most effectively in the forward direction for an overhead sun (Z~ 0°) would
ave a radius between 0.2-0.32 um. This is a significant result for the meas-
urement of ultraviolet radiation in maritime atmosphere, since Junge (1872) and
Jaenicke et al. (1971) have reported from their aerosocl measurement expeditions

over the Atlantic that the main portion of the maritime aerosol consists of

insoluble particles with a2 maximum range between 0.2 - 0.3 um radius,

PROBABILITY DENSITY OF PHASE FUNCTION
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Figure 12a. The probability densities of sunlight at 32004 scattered in the
directions 0° and 10° as function of radius of maritime aero-
sols (Fig. 9). Curve A corresponds to 0° and B to 10°
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Figure 12b. The probability densities of sunlight at 3200A scattered in the
directions 0° (Curve A) and 10° (Curve B) as a function of ra-
dius of continental aerosols (Fig. 8)

6. CONCLUDING REMARKS

The present study indicates that forward scattering should have an appre-
ciable effect on the ultraviolet sunlight especially in the maritime atmosphere,
Determination of atmospheric ozone values by the measurement of solar
uv-radiation is therefore subject to cofrect knowledge of magnitude of aerosol
scattering at used wavelengths,

The discrepancy between measured and computed radiation profiles near to
the surface is of the order of 20% and at the level of 15 km about 10%. Even

after correcting for a probable maximum error of 6% in observations and 2% in
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computations, one is still observing 12% more radiation near the surface and
about 2% at 15 km. Wae believe this to be due to a strong contribution by for-
ward scattering to the measured flux and to some extent due to undetectable
stray light. Our results show that measured ultraviolet radiation profiles can
be satisfactorily compared to the theoretical model calculations of radiative
transfer.

The feasibility of employing the discussed measurement technique to the
determination of directly transmitted ultraviolet sunlight is successfully demon-
strated. It is desirable that such measurements be made at different wave-
lengths in the near ultraviolet at sites where the described technique is
applicable (20°N-20°S). The rocket-payload can be made capable to measure
radiation profiles at four wavelengths between 3200-4000A by merely replacing
the narrow-band spectral filters. In this way size and height distribution of
aerosol can be derived (see e.g. de Barry and Rbssler 1966) and more light
can be shed on the behaviour of atmospheric aerosols interacting with uv-
sunlight.

It is interesting to note that the atmosphere in the region of Antigua i;s
affected by Sahara dust. Similar to radiation measurements made by Volz (1970)
in this region, it is difficult to say ﬁow our measurements are affected by the
Saharan dust. Future measurements at several ultraviolet wavelengths would

also be useful to investigate this phenomena.
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