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Abstract: Ground-based simultaneous observations of sun direct and scattering radiation were carried out in Dunhuang for nearly 2 years.
Aerosol optical depth, Angstrom wavelength exponent and size distribution were obtained from solar extinction and sky radiation. Water
vapor content was obtained from sun direct radiation measurement at 940 nm. Relationship between aerosol properties and water vapor
was discussed. Resuits showed that distinct seasonality of aerosol optical depth and Angstrom wavelength exponent was corresponding to
seasonal variation of dust activity. Aerosol relative size distribution kept stable and volume concentration change was the reason resulting in

variation of aerosol optical depth. Water vapor had minor effects on aerosol optical and physical properties.
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Introduction

Observations in Barbados suggested that dust aerosol be an
important climate forcing agent in source and downwind region{Li,
1996) . Clobally, three components including sulfate, dust and
carbonaceous particles, appeared to contribute equally to the column-
integrated total optical depth based on model study ( Tegen, 1996a}.
Comparison between model output with satellite measurements indicated
that 50 £ 209 of total atmospheric dust mass originated from disturhed
soils( Tegen, 1996b). These findings intrigued more interests in dust
radiative forcing since it was not negligible in regional and global scale,
furthermore, ahout half of it was from human unreasonable aclivities such
as cultivation, deforestation, erosion and se on.

Northwest China is the source region of dust aerosol for East Asia.
Approximate 800 Tgfa (uncentainty range is 500—1100 Tg/a) { Zhang,
2001} dust aerosols, about half of global dust aerosol emission, are
emitted into atmosphere from northwest China owing to  {requent
occurrence of dust weather, there into, about half is transported to
downwind region, so il is of great significance to study dust aerosol
effects on atmospheric environment and climate .

Ground-based  sunphotometer played an important role in
characterizing aerosol properties and determining aerosol effects on local
and global climate. So in this paper, we analyzed data contimnously
collected by advanced aureolemeter in Dunhuang from 1999 to 2000 as a

part of Sino-Japan co-operation on dust aeresol.

1 Instrumentation and methodology

The measurements presented in this paper were made in Dunhuang,
a famouns ancient city with its glorious caves and frescos. Aureolemeter
(also called sun/sky radiometer} model pom-0l, produced by Prede
(Tokyo) was utilized to measure the sky radiance distribution and direct
solar irradiance. The following wavelengths (315, 400, 500, 675, 870,
940, 1020 nm) are adopled in measurements by use of the same detector
with high dynamic range of 10" . The first and the sixth wavelengihs are
for the monitor of ozone absorption optical depth and columnar water

vapor content, the others for aerosol. As for filters, except that the half

bandwidth is 3 nm for 315 nm wavelengths, the others less than 10 nm.
The field of view is £°, and the minimum angle for sky measurements is
about 3°. The photometer is mounted on a vertical-horizontal two-axes
mouni that is driven by digital servomotors to scan sky radiation
distributions. Photometer was calibrated by using of modified Langley
method suggested by Nakajima( Nakajima, 1996) . The main procedures
included: an inversion with only forward scattering intensity data(3°—
40°) was performed [or all available measurements, and the set of
temporarily variable aerosol optical depth, multiplied by the air mass
(m), was used to derive values of abscissa for a V-m t scattering graph,
then constant of radiometer was obtained through least square method.
Sensitivity study showed that the effects of uncertainties in input
paramelers such as reflective index, and measurement errors on
calibration were weak, so calibration accuracy of 1% can be achieved by
this method. Hence, error of aerosol optical depth measurement was
approximate (.01 at one air mass. Surface pressure needed for Rayleigh
scattering optical depth calculation was from Dunhuang meteorological
Observatr)ry; columnar ozone content for ozone absorptitm uptical depth
calculation was from TOMS data, both of these two optical depths were
required to be subtracted from total npti(:al deplh measurement to get
aerosol information. Total column water vapor was retrieved primarily
from direct sun measurements at the wavelength of 940 nm based on the
technique of Bruegge et al. ( Zhu, 1998). Cloud sereening method
developed by Smimov et al. ( Smirnov, 2000) was utilized in data
quality verification. This technique relies on principle that cloud has
larger optical depth and greater temporal variance compared to aerosol.
Angsirom wavelength exponent, which is a measure of the wavelength
dependence of aerosol optical depth and therefore sensitive to particle
size distribution, was calculated from linear regression of optical depth
and wavelength in logarithmic space. Aerosol size distributions were
retrieved by procedure called SKYRAD that was developed by Nakajima
{ Nakajima, 1996} . The code consists of two parts; the first is improved
multiple scattering radiative transfer scheme in a plane-parallel
atmosphere developed by Nakajima, and the second part is constrained
linear inversion scheme . Its inversion accuracy was discussed in detail in

the literature { Nakajima, 1996; Tonna, 1995). On the average, the
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ettors for the two ends(0.05—0.1 and 7—15) may he as large as

35% —100% , but the precision for middle range is Expected to be about
20% .

2 Results and discussion

2.1 Aerosol optical depth and Angstrom wavelength exponent
Fig.la showed the monthly average of aerosol optical depth at 500
nm for 2 years, with error hars depicting one standard deviation of the
daily average values. Monthly variation of Angstrom wavelength exponent
is shown in Fig. 1b. Larger aerosol optical depth and smaller exponent
appeared in spring, corresponding to higher probability of occurrence of
dust weather in this season, furthermore, on the average, larger optical
depth was companied by larger devialion, it was not surprising because
greater difference in aerosol concentration existed bhetween dust activity

and normal period. Autumn is the cleanest season in Dunhuang with

small aerosol optical depth and relatively larger Angstrom parameter.
Fig, 2 shows the diumal varation of optical depth and Angstrom
wavelength exponent for 12 months. There were no large differences
among all months, basically, diurnal distribution with uni-peak was the
feature for all months and peak appeared at local time 3:00 to 4:00,
meaning higher probability of dust activity, which was accordance with
surface observations ( Niu, 2000). This feature may bear relation to
strong solar irradiance and resulted strong turbulence and convection that
is in favor of dust activity and transportation during this period. In
addition, late moming average { 10 : 00—11 : 30 local time ) represent
90% of the entire daily average values, on the contrary, early aflernoon
(12:30—14: 08 local time)} averages exceeded the entire daily average
values with 10% —15% . Satellite, such as Terra and Aqua. collected

data during these 1wo periods, so combination of two satellite

measurements should represent daily average better.
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Fig.1 Monthly average of aerosol optical depth{500 nm)
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2.2 Aerosol size distribution

The retrieved aerosol volume size distributions for aerosol optical
depth at 506 nm varying from 0.08 to 0.97 are shown in Fig.3. Aerosol
size distribution retrievals were derived from simultaneous analysis of sky
radiances and spectral optical depth at five wavelengths. LEach size
distribution in Fig, 3 was the average computed from at least 40
individual retrievals. Sky radiances in inversion was limited to forward
scattoring direction{3°—40°), the reason was thal non-spherical effects
of dust aernsol on inversions was negligible in these regions. As scen in
Fig.3, size distribution in Dunhuang may be characterized by the sum of
two log normals as follows:

d¥(r) \2‘ -Cl"’e'p[ ~ {lnr - Inr, )2]

dinr ~ — o, * 247

v(r) =

Where r, ; is the volume median radius, o, is the standard deviation,
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€\y; is the volume concentration for accumulation and coarse mode.
Obwiously, the coarse mode particles dominate over accumulation, which
is the distinguished character of dust aerosol in source region. There was
no tendency for increasing particle volume median radius as aerosol
optical depth inereases, but only increase of particle concentration,
which was evident in linear regression analysis between aerosol optical
depth with volume median radius and standard deviation for two modes,
the results showed no signiﬁ(:anl relations  exisled, bul  volume
concentration of two modes had statistically significant positive relation
with aerosol optical depth { r* is 0.75 and 0.78, individually}. This
(,'hara(?ler was diffﬂfﬁlll frum ﬁﬂl()k(‘! illld ur}lﬂn HEH)S()]S. Sigﬂiﬁ(fanlly
positive relation bhetween volume median radius for accumulation mode

and optical depth existed for these two aerosol types ( Remer, 1998

Eck, 2001} .

1.77E-04  4.16E-04 9.78E-04

Radius, cm

Aerasol volume size distribution for nerosol optical depth at 500 nm varying from 0.08 to 0,97, Fach aerosol size distribution is an average of abont 40 retrievals

derived from solar direct and scattering radiation a1 40¢, 500. 675, 870, 1020 nm. Sky radiznee is limited 10 3°—40°

2.3 Aecrosol properties and water vapor

Fig.4 shows the relation between aerosol properties and water vapor
for total daily average value. Evidently, there is mnao statistically
significant relation belween water vapor and optical depth, and Angsirom
exponent. The same results were obtained when analyses were carried oul
hased on seasonal data. These results demonstrated that humidification
capability of dust acrosol in Dunhuang was weak, in addition, it might
indicate that no distinct difference in water vapor content was in existence

hetween dusty and normal days, which was also different from smoke and

urban aerosols with higher humidification capability .

3 Conclusions

Simultaneous measurements of solar direct and scattering radiation
were made in Dunhuang for nearly two years. Based on careful
calibration and inversion, we can make some conclusions as follows

Distinet seasonal variation appeared in optical depth and Angsirom
wavelength exponent corresponding to seasonal dust activity. Spring had
the largest optical depth and the smallest exponent, and larger exponent
and smaller optical depth appeared in autumn. Coarse mode dominated
over cumulative in Dunhuang. The variation of aetosol optical depth was
mainly resulted from change of volume concentration for camulative and
coarse mode, but size parameters for cumulative and coarse did not
change. Water vapor had weak influence on dust optical and physical
properties because of dust aerosol low humidification capability, which

was different from other types.
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Fig.4 Scattering plot between water vapor content with aerosol optical depth
(50 nm){a} and Angstrom parameter{ alpha) (b}, also shown are equations
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