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ABSTRACT

An 8-wavelength sun-photometer has been operated at Hefei (31. 31°N, 117.17°E) to monitor
optical properties of atmospheric aerosols. Altogether 133 solar spectral extinction data were ob-
tained on clear days during the period from September 1993 through September 1994. In this pa-
per. the feature of the sun-photometer is briefly described. A relative aureole method is intro-
duced. which can be used to monitor temporal evolution of aerosol loading during the sun-pho-
tometer calibration period. Temporal variabilities of spectral aerosol optical depths and Angstrom
turbidity parameters are presented. Relation of these variabilities with synoptic and local meteoro-
logical conditions are analyzed and discussed. From measured spectral aerosol optical depths under
some representative atmospheric conditions, columnar aerosol size distributions have been retrieved
by a linearly constrained inversion method. These typical columnar aerosol size distributions are al-

so presented and discussed.
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I. INTRODUCTION

Atmospheric aerosol particles absorb and scatter both the incoming solar radiation and
the emitted infrared energy from the earth. They are also involved in forming processes of
cloud, fog and haze. Therefore. aerosol particles produce a very significant effect on the
radiation budget in the earth-atmosphere system. Actually. they have been considered as
one of key factors in the radiative transfer, climatic and environmental studies (Tanre et
al. 1988).

Aerosol optical depth is a very important aerosol optical parameter characterizing the
feature of aerosol particle extinction in vertical atmospheric column. From the wavelength
dependence of aerosol optical depths, Angstrom turbidity parameters, i. e., Angstrom
turbidity coefficient and wavelength exponent. can be evaluated. They provide a basis for
estimating both quantity and predominant size distribution of aerosol particles in the atmo-
sphere.

As aerosol optical depth and Angstrom turbidity parameters are highly variable both
temporally and spatially. long-term measurements of these aerosol optical parameters at
different representative places are of basic importance for studying radiative transfer, cli-
mate and environment. It is quite evident that the radiation budget affected by aerosol
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particles can not be accurately determined without the sufficient information on these
aerosol optical parameters and their temporal and spatial distributions.

In early 1960s the U. S. Environmental Protection Agency (EPA) and the National
Oceanic and Atmospheric Administration (NOAA) supported a national network program
to provide data on the geographical, seasonal and long-term variation of aerosol optical
depths (Flowers et al. 1969). The results show very clearly the large differences in the
aerosol optical depths which occur as a function of time of year and locality. Therefore, in
recent decades, a great deal of effort in the form of observational studies has been devoted
to determining the temporal and spatial variation of the aerosol optical parameters, such as
spectral optical depths, Angstrom turbidity parameters, size distributions and refractive
index (d'Almeida 1983: Flowers et al. 1969; King et al. 1980; Liu et al. 1990; Mohamed
et al. 1986; Peterson et al. 1981; Pink et al. 1994).

In China, considerable progress has also been made in both observational and theo-
retical studies of the aerosol optical properties in recent years (Li et al. 1990; Mao et al.
1985; Qiu et al. 1986; 1988; Zhou et al. 1987). However, there still has been a lack of
long-term or even middle-term studies that can provide information on the aerosol optical
properties if determination of radiation budget affected by the aerosol is to be attempted.
Therefore, long-term studies of aerosol optical properties are certainly required.

The objective of this study is to present the analysis results on the variability of the
aerosol optical properties from September 1993 through September 1994. The data involve
133 clear day sun-photometer measurements in all. The measurement site is located at An-
hui Institute of Optics and Fine Mechanics, 15 km west of Hefei (31. 31°N, 117. 17°E).

In this paper, the feature of the sun-photometer is briefly described. Results of rela-
tive aureole observations are presented, which provide information on temporal evolution
of aerosol loading during the Langley calibration experiments. Then, temporal character-
istics of spectral aerosol optical depths, Angstrom turbidity parameters and their relation
with synoptic and local meteorological conditions are analyzed and discussed. From mea-
sured spectral aerosol optical depths under some representative atmospheric conditions.
columnar aerosol size distributions have been retrieved by a linearly constrained inversion
method. These typical columnar aerosol size distributions are also presented and dis-

cussed.
II. DTF-1 SUN-PHOTOMETER

A detailed explanation of the DTF-1 sun-photometer used in the presented study can
be found in Zhou et al. (1994). Only a brief description is given here. The sun-photome-
ter mainly consists of a sun-tracking unit. a detective unit and a computer, with a field of
view 1°. The instrument has eight filters centered at 0. 40. 0. 44, 0. 52, 0. 612, 0. 67,
0.78, 0.88 and 1. 03 pum, with all halfwidths about 60 A, but 100 A for 1. 03 um. An
EGG HUV-1100BQ amplifier/photodiode is used as detector. A thermostating box con-
taining the detector ensures an internal temperature of 40°C with 1°C accuracy. Besides the
solar spectral extinction observation, the sun-photometer can also take aureole measure-
ments for each wavelength. Ten scattering angles are sampled between 2° and 30° from the
sun direction. A variable gain amplifier of 12 decades (4096) and a 12-bit A/D converter
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are used to meet such a large dynamic range. The solar spectral extinction measurement is
made at 4-min intervals and aureole measurement at 30-min intervals. Both measurements
are automatically controlled by an IBM-PC computer. All the measured data are recorded
on a floppy disk for late processing. Examining instrumental parameters shows that mea-

surement accuracy is better than 1%.
III. LANGLEY PLOTS CALIBRATION

The sun-photometer was calibrated at Mt. Huangshan weather station (30. 13°N,
118.15°E, 1865 m asl) during the period of November 15 through 25, 1993 by using Lang-
ley method based on the Lamber-Beer equation (Herman et al. 1981):

Vs =RVy(Mexp{— tAm @) }, N
where V (A, ¢) is the output voltage of the sun-photometer on the ground level: V, (1) the
corresponding value at the top of atmosphere when it is at the mean sun-earth distance. i.
e.. the calibration value; R the correction factor for the sun-earth distance at the observa-
tion time; 7 (A) the atmospheric optical depth; m (t) the atmospheric optical mass
(relative) at the observation time: A wavelength; and ¢ the Beijing Time.

Tt is well known, the Langley method is based on the assumption that both atmo-
spheric optical depth and sun-photometer' s sensitivity remain constant during the period
when measurements of V (4, #) are taken at different solar zeniths. If this assumption is
true, the data-points giving the logarithms of V (A t) plotted as a function of the atmo-
spheric optical air mass m (¢) are found to form a straight line having an intercept of
In (V,(A))and a slop equal to —r(A). Therefore, for Langley method, both atmospheric
stability and sun-photometer’ s constant sensitivity are absolutely required. The latter
command is ensured by 1% measurement accuracy of the sun-photometer. Concerning the
atmospheric stability. fluctuations in the atmospheric optical depth are closely related to
the evolving feature of aerosol loading within the mixed layer. Thus. a clean and high alti-
tude mountain is the site suitable for Langley calibration measurement. However, even at
such a place, the atmospheric optical depth sometimes changes in time as a consequence of
diurnal fluctuations of the aerosol concentration. On the other hand. Russell and Shaw
(1975) have demonstrated that in cases where the atmospheric optical depth variation is
linear with 1/m (t), the Langley plots give no indication of any system error. Therefore,
an independent monitoring of temporal evolution of aerosol optical depth is needed. This
can be done by aureole measurements taking simultanecusly with the solar spectral extinc-
tion measurements. This method involves the temporal monitoring of the dimensionless
ratio u(f. A. ) (relative aureole) given by (O’Neill et al. 1984):

I1@.A0  t.(A1P(cosH)

m@®V QA H 4 '
where 0 is the scattering angle: I (6, A #) the output voltage in the aureole; 7, (4 ¢) the

p@. A = V2]

aerosol optical depth: and P (cosf) the columnar scattering phase function. The second e-
quality in Eq. (2) is derived from single scattering consideration in solving the radiative
transfer equation (Green et al. 1971). Eq. (2) clearly indicates that the relative aureole
must remain constant with m or time if the aerosol optical depth remains unchanged. Tem-
poral variation of the ratio will be indicative of aerosol optical instability.
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Fig. 1. On an optically stable day (Nov. 22. 1993) at Mt. Huangshan; (a) Langley plots for eight
wavelengths. and (b) temproal variation of relative aureole for 5° scattering angle and 0. 52 pm
wavelength.

As an example, Figures 1 and 2 represent Langley plots for all eight wavelengths and
corresponding relative aureoles for 5° scattering angle and 0. 52 pm wavelength on the opti-
cally stable and unstable day, respectively. For each wavelength, sufficient linear Langley
plots were obtained on the two days. All mean absolute deviations of observed Langley
plots from the corresponding regression lines were smaller than 0. 005 and correlation coef-
ficients were higher than 99. 0%. However. the relative aureoles for the two days were
quite different. The relative aureole remained almost constant during the whole morning of
Nov. 22, 1993. The slop of linear-fitting through the data points was only +0. 0008. In
contrast, during the afternoon of Nov. 24, 1993, the relative aureole gradually increased,
whose slop was +0. 13, indicating a steady increase of aerosol loading above the measure-
ment site. Figure 3 gives the time pattern of aerosol optical depth at 0. 52 pm wavelength
in the afternoon of Nov. 24, 1993 calculated from the calibrated value. It is apparent that
the aerosol optical depth is gradually increased in a form of z, (0. 52 pm, ¢) =0. 0047t —
0. 0366, whose correlation coefficient is 95. 28%. or in a form of 7, (0. 52 um, m) =
—0. 0328/m—+0. 0482, whose correlation coefficient is 95. 17 %.

The example clearly shows that it is difficult to assess the quality of the Langley
plots based on the linearity of the regression data alone. The intercept of regression line
for Langley plots with large relative aureole variation has to be rejected even though the
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Fig. 2. As in Fig. 1. but on an optically unstable day. Nov. 24, 1993.
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Fig. 3. Time evolution of aerosol optical depth (AOD) at 0. 52 pm wavelength on Nov. 24, 1993, at
Mt. Huangshan.
Langley plots appear sufficient linear. The true intercept chosen as the calibrated value
should be based on both sufficient linear Langley plots and a comparatively small variation
of the relative aureole.

The sun-photometer was calibrated successfully on two mornings and one afternoon,
each of which was judged to have relatively stable aerosol content by using the above-men-
tioned method. According to the error analysis of the calibrated values at Mt. Huangshan
(Zhou et al. 1994), the calibration errors for all eight wavelengths were less than 1%.

IV. DATA PROCESSING AND ERROR ANALYSIS

When the calibrated sun-photometer is used to take solar spectral extinction
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measurements, an instantaneous atmospheric optical depth can be determined from its out-

put voltage V (4 ) at time ¢ and the calibrated value V, (A) by

Lln RV,

m@® V@AD’
The instantaneous aerosol optical depth is obtained by subtracting the contributions

due to Rayleigh scattering (Teillet 1990). ozone Chappuis absorption (Show 1979; Van

Heuklon 1979) and nitrogen dioxide absorption (Tomasi 1985) from the instantaneous at-

3

TA 1) =

mospheric optical depth:
,AD =1l —1x (A — 7o, (A — Tno, (A, “)
Its mean value over the day can be written as
i T, A1)
T, (A = N .

where N is the number of measurement during observational period.

()

Relative errors made in evaluating the instantaneous aerosol optical depths can be esti-

mated through the equation:
1 |AV,
m@ | Vod *

AV (A D
VAn

1
m ()

pPAD =+ [ ‘ + At B + Azo, (A + Brno, W /7, A D).

(6)

This expression has taken into account uncertainties in calibration values, instanta-
neous output voltages, Rayleigh, ozone and nitrogen dioxide optical depths, respectively.
As mentioned in above sections. the measurement and calibration errors are 1% respec-
tively. Uncertainties for Rayleigh. ozone and nitrogen dioxide optical depths are 1%, 15%
and 30%. respectively (Russell et al. 1979; 1993). Thus, the overall relative errors for
instantaneous aerosol optical depths are estimated to be about 10%. As an example. for
0. 52 pum wavelength. the aerosol, Rayleigh, ozone and nitrogen dioxide optical depths are
typically 0.4. 0.1175, 0.0168 and 0. 0203, respectively. Thus, the relative error for in-
stantaneous aerosol optical depths at 0. 52 um wavelength is about 6% when atmospheric

optical mass is 2.

V. TEMPORAL VARIATIONS OF AEROSOL OPTICAL DEPTHS AND ANGSTROM TURBIDITY
PARAMETERS

1. Within-Year Variation in Aerosol Optical Depths

Figure 4 shows the variation of monthly average aerosol optical depths for the eight
wavelengths during the period September of 1993 through September of 1994. The wave-
lengths corresponding to the eight curves from bottom to top are 1. 03, 0.88. 0.78, 0. 67,
0.612.0.52, 0.44 and 0. 40 um, respectively. It is apparent that the aerosol extinction de-
creased well with increasing of wavelength for all months. The aerosol optical depths gen-
erally were confined in the range between 0.1 and 0. 8, that is nearly ten times that at
Tucson, Arizona (King et al. 1980), indicating high aerosol loading over Hefei. The
aerosol optical depths were also found to increase progressively from September 1993 to
April 1994, then decrease until July 1994, subsequently increase again. They appeared to



No. 1 VARIABILITY OF AEROSOL OPTICAL PROPERTIES 87

1

1 J I 1

o W A T o~ o 0 O

-

Monthly mean AOD
o O © © © © 06 6 © O =

L A R RO B | !
J

wn
@)
4
o}
—
o
£
S
=

Fig. 4. Monthly average values of aerosol optical depths (AOD). The eight curves from bottom to top
correspond to aerosol optical depths of 1. 03, 0.88. 0.78. 0.67. 0.612, 0.52. 0.44 and 0. 40
pm wavelength, respectively.

be a distinct seasonal variation, having larger values in spring, smaller in summer, and in-
termediate in autumn and winter.

The characteristics of seasonal differences of aerosol optical depths are closely related
to the seasonal variation of the synoptic weather pattern occurring around Hefei. Hefei is
located in the southeast part of China. It is situated in boundaries of subtropical and tem-
perate zones. During the autumn and winter months a north or northwesterly current sys-
tem with dry. cold and rather clean air mass usually prevails over Hefei. The local aerosol
particles are diluted. In the spring. the cold, dry air mass interfaces with warm, wet air
mass carried by southwest current. Sometimes, both currents match each other in
strength, forming stagnant air flow. This stagnant air flow contributes to the accumula-
tion of local aerosol particles in the mixed layer. The damp haze layer is thick, steady and
the sky appears gray-white during this time period. On the other hand. yellow sand parti-
cles uplifted in the northern China are usually transported to Hefei area by front activities.
The dust storm event also contributes significantly to the atmospheric turbidity. During
the summer months, the Pacific high pressure system with clean air dominates the weather
pattern. At the same time, thunderstorms occur frequently in the early afternoon. The
heavy shower removes the local aerosol particles efficiently. After thunderstorm, the air
becomes very fresh and clean, the sky appears blue and the transparency of atmosphere
becomes high. These factors cause the summer minimum in aerosol optical depths over

Hefei.
2. Within-Year Variation of Angstrom Turbidity Parameters

Spectral dependence of the aerosol optical depths follows the Angstrom formula very
well throughout the whole spectral range from 0. 4 to 1. 0 pm wavelength:

T, (A = BA, @

where 7, (A) is aerosol optical depth; A wavelength (um): B Angstrom turbidity coeffi-

cient; and @ Angstrom wavelength exponent. The turbidity coefficient 2 is a measure of
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the quantity of aerosol particles and gives the best-fit value of the aerosol optical depth at
1 pm wavelength. The wavelength exponent « is closely related to aerosol size distribu-
tion. It will decrease as the weight of large aerosol particles on the spectral aerosol optical
depths increases. Therefore, the different values of « can be interpreted as the variable
contribution of the different models to size distribution of aerosol particles. For Junge-type
aerosol size distribution it has a relation u=a-+2. where « is Junge exponent. Values of
close to zero are associated with high loads of large aerosol particles, whereas value of 2
indicates that the aerosol particle content is mostly composed of Aiken nuclei. The
Angstrom turbidity parameters fully describe the aerosol particle extinction characteristics
along the vertical path.

From data observed from our sun-photometer measurements the Angstrom turbidity
parameters have been obtained by means of a log-log regression of the measured aerosol
optical depths versus wavelengths. It was found that the correlation coefficients for the re-
gressions were larger than 99. 0% on most days of the one year period. This indicates that
the Angstrom formula indeed reflects spectral characteristics of the aerosol optical depths
in real atmospheric conditions.

Figure 5 shows the variations of monthly average Angstrom turbidity parameters dur-
ing this one year period. The open circles represent the Angstrom wavelength exponents
and the open triangles give the Angstrom turbidity coefficients. It is apparent that the tur-
bidity coefficients were generally observed from 0. 5 for spring hazy days to 0. 1 for sum-
mer clean days. On July 6, 1994, the turbidity coefficient dropped to 0. 04, the minimum
value in this one year period. The minimum turbidity coefficient is of special significance
since it tends to represent the least polluted situation. hence the value can be considered as
the background level of atmospheric aerosol over Hefei. On the other hand, the values of
wavelength exponents ranged from 0. 5 to 1. 4, corresponding to the Junge exponent be-
tween 2.5 and 3. 4. The overall mean value is 0. 95 with a standard deviation of 0. 27.

In Fig. 6, the wavelength exponents are plotted as a function of the turbidity coeffi-
cients. This figure shows the above-mentioned results more clearly. It can also be seen

that the wavelength exponents generally decreased with the increase of turbidity

1.4 —T T T (A E— T T T 1.4
L J
le(W) —1.2
E [ ] Lt
gLor 1.0 §
: o
£0,8 0.8 &
‘& i3]
= 173
0.6 |- - ~0.63
g F AL . 5
0.4 | N Ho.4F
L l\ |
0_2_(T) \&\A/A.—dﬁ —0.2
0.0 | | \ ! | | [ i \ 10_0

[
§$ O ND J FM A M J J A s

Fig. 5. Monthly average values of Angstrom turbidity coefficients (T") and wavelength exponents (W).
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sion curve of best fit through these data is expressed by a=1. 30exp (—1. 488).
coefficients. An exponential regression curve of best fit through these data is expressed as
a=1. 30exp (—1. 488 . This negative correlation between wavelength exponent and tur-
bidity coefficient. is also found by many investigators. e. g. Kaufman et al. (1983), Mo-
hamed et al. (1992), Prodl et al. (1984). and Tanaka et al. (1989). This means that the
atmospheric turbidity generally increases with the increase of concentration of large aerosol

particles.
3. Diurnal Evolution of the Aerosol Optical Depth

Figure 7 displays diurnal variations in aerosol optical depth at 0. 52 um wavelength
during the selected afternoon. As can be seen. the diurnal evolution behavior of the
aerosol optical depth appeared very variable. The aerosol optical depth could gradually in-
crease (a), decrease (b). or even could remain almost constant (¢) (slops of linear-fitting
through the data points were less than £0. 005) during the afternoon hours. Similar evo-
lutions of aerosol optical depths were observed during the morning hours. We believe that
the results in Fig. 7 represent a real atmospheric effect. The reason for this is that during
the days with constant aerosol optical depths, relative differences between the intercepts
determined by linear regression of Langley plots and the calibrated values of Rln (V, (1))
corrected for sun-earthdistance were less than 0. 01 for all wavelengths. Meanwhile, hori-
zontal visibilities obtained from hourly reports at the nearby Hefei airport and aerosol con-
centration measured by our ground-based optical particle counter also generally appeared
to be constant values during the same period of time.

The mechanisms which cause the within-day variation of aerosol optical depth are
rather complecated. This variation is closely related to production, transport, dispersion
and removal of aerosol particles in the sunlight path. Many time-dependent factors, in-
cluding synoptic weather system. the type of air mass and local meteoroclogical elements,
such as relative humidity, temperature, precipitable water, wind speed and direction,
might be involved in the diurnal variation process. Peterson et al. (1981) have generally
given the reason for diurnal circle of aercsol optical depth, such as maximum daytime
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Fig. 7. Time evolutions of aerosol optical depth at 0. 52 um wavelength during the afternoon hours.
anthropogenic activities, daily circle of solar radiation intensity and diurnal variation of
mixing height and temperature. However. although all these factors probably have some
impact on within-day variation of aerosol optical depth, his available information was not
sufficient to rank them. Liu et al. (1990) have found that aerosol optical depth increases
with the destabilization of the boundary layer through analyzing the relationship between
aerosol optical depth and the Turner stability factor.

As mentioned above, the aerosol optical depth characterizes the extinction of aerosol
contained in the whole air column. Thus. the aerosol particles within mixed layer are re-
sponsible for greatest part of the column extinction. Therefore. the diurnal evolution of
aerosol optical depth is mainly determined by the feature of aerosol particles in the mixed
layer.

When the surface of earth is heated by the sun during the daytime, the produced ther-
mal convection carries aerosol particle aloft. The vertical convective aerosol plume struc-
ture first appears an hour or two after sunrise, thickens gradually and reaches a depth
from a few hundred to a few thousand meters by early afternoon (Zhou et al. 1988).
Then, the solar radiation intensity decreases and thermal convection becomes weaker. The
aerosol particles from elevated sources tend to settle downwards and fall to the surface.
The depth of the mixed layer decreases gradually. This can probably explain one of diurnal
circles of aerosol optical depth, i.e.. an increase during the morning and a decrease in the
afternoon.

It was found that constant aerosol optical depth had a close relation with frontal
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passage, or duststorm event. When these happened. strong west or northwest winds with
6—7 m/s usually lasted for one or two days. On the following half or one day after the
frontal passage. the aerosol particles were mixed very well, remaining stratus and horizon-
tal uniform. The vertical mass loading of aerosol particles was kept nearly constant.
From this it follows that the diurnal evolution of aerosol optical depth may be deter-
mined by a combination of many complex processes. Single factorial analysis or simple de-
scription can be hardly made of it. So far, not all the mechanisms for diurnal variation of
aeroso] optical depth are clear. Therefore. further understanding of these mechanisms re-
quires a great deal of observational studies, such as measurements of the above mentioned
time-dependent factors by instrumented radiosonde, airplane, or lidar simultaneously with

the sun-photometer measurements.

VI. SPECTRAL DEPENDENCE OF AEROSOL OPTICAL DEPTHS AND CORRESPONDING SIZE
DISTRIBUTIONS

The equation which relates aerosol optical depth to columnar aerosol size distribution

can be written as
T, (A = Jmn'rZQm r,Am")n (ndr, ®
0

where 7. ) (=dN., ) /dr) is columnar aerosol size distribution; Q.. z. A, m*) extinction
efficiency factor of aerosol with radius » and complex refractive index m". It is the ratio of
the extinction cross section to the geometric cross section for a spherical aerosol particle
and can be evaluated through Mie scattering theory (Dave 1968). The linearly-constrained
inversion method (King et al. 1978) is used to retrieve the columnar aerosol size distribu-
tion from the spectral aerosol optical depths. In the inversion calculation, the complex re-
fractive index of aerosol particles was preset to 1. 50—0. 01 (Tanaka et al. 1989). The ra-
dius range of retrieval was from 0.1 to 1. 2 pm and divided into 8 intervals. Error analysis
shows that the errors of inverted aerosol size distribution An, ) /n. () depend on the at-
mospheric turbidity. Under haze and moderate turbidity, the errors for all eight aerosol
sizes were less than 10% and mean relative error was about 6%. Comparing aerosol opti-
cal depths calculated from the retrieved size distributions with the measured ones shows
that their relative errors were less than 3%. On clear days. however, the errors of re-
trieved size distributions were as large as 20% for the two sizes between 0. 9 and 1. 2 pm.
For the rest six sizes the errors were still 10%. In this case, the mean relative errors were
about 15% and the relative errors between the calculated and measured aerosol optical
depths were about 5%.

Three representative days, April 30. 1994 (haze day), September 25, 1993 (moder-
ate turbidity) and July 6. 1994 (background). are selected to investigate the spectral char-
acteristics of aerosol optical depths and aerosol size distributions. The wavelength depen-
dence of aerosol optical depths and corresponding columnar size distributions for the three
days are shown in Figs. 8a and 8b. respectively. For comparison, the results of back-
ground aerosols at Mt. Huangshan on November 28, 1990 are also given in the figure.

As can be seen from Fig. 8a, the spectral aerosol optical depths on the hazy day at
Hefei were almost 1. 5— 2 orders of magnitude as large as that at Mt. Huangshan. Even on
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Fig. 8. (a) Wavelength dependence of aerosol optical depths and (b) corresponding aerosol size distri-

butions. The symbol of five-pointed star stands for the results observed at Mt. Huangshan on
November 28. 1990.

the moderate turbidity days, there were still nearly ten time differences between them. On
the other hand, from Fig. 8b it is evident that the corresponding number densities of
aerosols around 1 pm radius exhibited great differences, but, for small particles around 0.
1 um radius, the differences were not noticeable. It seems that the aerosol particles with
radii around 1 pm are greatly responsible for the aerosol extinction in the visible and near
infrared spectral range.

From the figure, it can also be seen that for April 30, 1994 and September 25. 1993,
the log-log regression of the measured aerosol optical depths versus wavelengths appeared
to be sufficient linearity with correlation coefficients of 99. 95% and 99. 15%, respective-
ly. This indicates the spectral characteristics of aerosol optical depths can be best ex-
pressed by the Angstrom formula under hazy and moderate turbidity atmospheric condi-
tions. At the same time, the corresponding column size distributions exhibited Junge type
of size distributions. Most of our observational data during this one year period present
similar feature like this. Curcio (1961) also found that the higher attenuation data cases
tended to be dominated by Junge-type size distributions. That is in essential agreement
with the results presented here.

On occasions when the aerosol optical depths were very small, such as July 6, 1994 at
Hefei and November 28, 1990 at Mt. Huangshan, the correction coefficients between
aerosol optical depths and the wavelengths were 96. 90% and 97. 24%, respectively, and
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the retrieved aerosol size distributions could be best described as consisting of two types of
size distributions. This two-component size distribution is consistent with the production
mechanisms of atmospheric aerosols. Aerosol particles in the accumulation range with
radii from about 0. 01 to 0. 5 pm typically arise from condensation of low volatility vapor
and from coagulation of smaller particles in the nuclei range. Particles in the coarse range
having radii larger than about 1. 0 um are usually produced by mechanical processes such
as grinding. wind or erosion. It is not surprising that the two production mechanisms are
not very effective in the 0. 5—1. 0 pm range. and thus separation of the two regions might

sometimes be observed.
VII. CONCLUSIONS

The following conclusions may be drawn from the solar spectral extinction measure-
ments at Hefei during the one year period:

(1> During the Langley calibration period. measurements of the relative solar aureole
were shown to be a very effective method of monitoring temporal stability of aerosol
content. The true intercepts chosen as the calibrated values should be based on both the
sufficient linear Langley plots and a comparatively small temporal variation of the relative
aureole,

(2) The monthly average values of aerosol optical depths for all eight wavelengths in
the visible and near infrared spectral range generally were confined in the range 0. 1 and 0.
8. They had distinct seasonal variation. with larger values in the spring, smaller in the
summer and intermediate during the autumn and winter months. This seasonal variation of
aerosol optical depths is closely related to the seasonal variation of the synoptic weather
pattern occurring around Hefei.

(3) The monthly average values of Angstrom turbidity coefficients were generally ob-
served from 0. 5 for hazy day to 0. 1 for rather clean day. The background value was found
around 0. 04. The monthly average values of Angstrom wavelength exponents ranged from
0.5 to 1. 4. Its overall mean value was 0. 95 with a standard deviation of 0. 27. The nega-
tive correlation existing between the two Angstrom parameters suggests that the atmo-
~spheric turbidity increases with an increase of concentration of larger aerosol particles.

(4) The diurnal evolution of aerosol optical depth over Hefei appeared very variable.
It could gradually increase. decrease, or even could remain almost constant. The mecha-
nisms causing the within-day variation of aerosol optical depths are rather compli ited.
This variation is closely related to production, transport. dispersion and removal of
aerosol particles in the sunlight path. Single factorial analysis or simple description can be
hardly made of it. Fully understanding of the mechanisms of this variation requires a great
deal of theoretical and observational work.

(5) On most days. the atmosphere over Hefei appeared to be in hazy or moderate tur-
bidity. In these cases. the spectral characteristics of aerosol optical depths could be best
expressed by the Angstrom formula, and the corresponding aerosol size distributions ex-
hibited Junge type of size distributions. Under very clean air conditions. a two-slop type of

aerosol size distribution could be retrieved.
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