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Abstract. Dust optical properties over North Africa and spatial and temporal scales (e.g., Husar et al., 2001; Hay-
the Arabian Peninsula are extracted from the quality aswood et al., 2005; Jickells et al., 2005). On a global av-
sured multi-year datasets obtained at 14 sites of the Aerosarage, dust contributes to about one quarter of aerosol op-
Robotic Network (AERONET). We select the data with tical depth (AOD) in the mid-visible wavelengths (Kinne et
(a) large aerosol optical depth (AOB0.4 at 440nm) and al., 2006). Dust is also light absorbing (Sokolik and Toon,
(b) smaIIAngstr'c')m exponent/Kextg 0.2) for retaining high ~ 1999; Alfaro et al., 2004; Lafon et al., 2004 and 2006); it
accuracy and reducing interference of non-dust aerosols. This estimated that more than half of aerosol absorption opti-
result indicates that the major fraction of high aerosol opti- cal depth (AAOD) at 550 nm may come from dust (Chin et
cal depth days are dominated by dust over these sites eveal., 2009). At shorter wavelengths the contribution of dust
though it varies depending on location and time. We haveabsorption is even larger, because dust is more absorbing in
found that the annual mean and standard deviation of singl¢he UV range than in visible (Russell et al., 2010). Large un-
scattering albedo, asymmetry parameter, real refractive ineertainties still remain in assessing the dust climate impacts.
dex, and imaginary refractive index for Saharan and ArabianOne of the major sources for the large uncertainties is associ-
desert dust is 0.944 0.005, 0.752£ 0.014, 1.498:0.032,  ated with dust absorption properties of shortwave radiation is
and 0.0024:0.0034 at 550 nm wavelength, respectively. due to the complexity in dust size distribution, morphology,
Dust aerosol selected by this method is less absorbing thaand mineral composition (Sokolik and Toon, 1999; Lafon et
the previously reported values over these sites. The weakeal., 2004, 2006).

absorption of dust from this study is consistent with the stud- The strength of dust absorption, or the imaginary part (

les using remote sensing techniques from satellite. These res ey refractive indicesi(+ik) is determined mainly
sults can help to co_ns_tram ur_1certa|nt|es in estimating globaby the iron oxide content in soil such as hematite and geoth-
dust shortwave radiative forcing. ite (Patterson et al., 1977; Claquin et al., 1999; Sokolik and
Toon, 1999; Alfaro et al., 2004, Lafon et al., 2004, 2006; For-
menti et al., 2008; Derimian et al., 2008). Their absorption is
1 Introduction highly variable due to the heterogeneous mineralogical con-
tent in soils. Early measurements show that dust is strongly
Dust is one of the major aerosol components in the globagbsorbing with the imaginary refractive index of 0.0053 to
atmosphere that affects the Earth’s climate through interact0.008 at 550 nm (Patterson et al., 1977; Shettle and Fenn,
ing with both solar and thermal infrared radiation. Dust 1979). These data have been incorporated into the Optical
also affects atmospheric dynamics, atmospheric chemistryProperties of Aerosols and Clouds (OPAC) dataset (Hess et
air quality, and ocean biogeochemistry over wide ranges ofl., 1998), which has been widely used to calculate dust ab-
sorption in models (Kinne et al., 2006; Forster et al., 2007).
However more recent observations conducted in the Saharan
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(Kaufman et al., 2001; Colarco et al., 2002; Haywood et al.,
2005, Petzold et al., 2009; McConnell et al., 2010). There is
a pressing need to update dust absorption properties assume
in aerosol models with the most recent observations. One of
such set of observations is the retrieval of aerosol absorption
properties from the Aerosol Robotic Network (AERONET)
(Dubovik and King, 2000; Dubovik et al., 2002). AERONET
consists of more than 200 sites around the globe and has
been providing uniformly calibrated, quality assured aerosol
datasets for nearly two decades (Holben et al., 1998). Severa _
studies have used the AERONET datasets to analyze aerosc”
absorption properties in dust dominated regions (Dubovik et
al., 2000, 2002, and 2006; Smirnov et al., 2002a; Sinyuk et
al., 2003; Eck et al., 2008, 2010). However, dust is often 20 o 0 10 20 %0 %0 50
mixed with pollution and biomass burning smoke aerosols in_ _ ) _ _
the atmosphere, even in desert sites (Eck et al., 2010). To dé:_Ig. 1.The domaln map and S|.te location of t.he 14 AERONET sites
five optical properties that can be representative of pure dusielectec_i for this st_udy. Four sites marked with red squares are used
. : . N or detailed analysis (see text).

in models, it requires efforts to reduce the contributions by

non-dust aerosols in the AERONET observations.

In this study, we extract the dust optical properties, in- properties are comparable to the AERONET retrievals (Pet-
cluding real and imaginary refractive index, and single scat-zold et al., 2009; McConnell et al., 2010).
tering albedo, from multiyear AERONET measurements at In this study, we choose 14 AERONET sites in and around
14 sites in and around the Saharan and Arabian Deserts. Wdorth Africa and the Arabia peninsula (Fig. 1) that are con-
use a threshold for théngstr'c')m exponent of extinction to  sidered to be dust dominated sites. Multi-year aerosol data
reduce contributions of non-dust aerosols, because dust gefrom these sites warrant a robust statistical analysis. While
erally has much larger size in source areas and hence smallsmoke and pollution are predominantly in the fine mode,
Angstidbm exponent than pollution and smoke aerosols. Thedust aerosol is mainly in the coarse mode especially near
rest of this paper is organized as follows. We briefly describethe source regions. We therefore eliminate the data that are
the AERONET inversion retrieval and optically based filter possibly influenced by smoke or pollution by selecting only
for minimizing non-dust aerosol contribution in Sect. 2. Re- coarse mode aerosol data (radil pm) with Angstiom ex-
sults of dust optical properties are described in Sect. 3 omponent fey) smaller than a threshold. ThEngstom ex-
a monthly basis. Section 4 summarizes major conclusionponent is a measure of the wavelengih lependence of
from this analysis and discusses implications for assessingerosol optical depthr{, and is inversely related to the parti-

dust radiative forcing. cle size (i.e., a smallekey indicates larger particle size, and
vice versa):
o lo (T /Tos)
. Aext= _g—1/2 (1)
2 AERONET data and analysis method log(A1/22)

Measured AOD uncertainty is relatively small in the
AERONET provides sun photometer observations of AOD AERONET databasey0.01 in the visible and near-infrared
at up to 8 wavelength channels between 340 and 1640 nnwvavelengths (Eck et al., 1999), allowing for a very accu-
at numerous sites around the globe (Holben et al., 1998tate calculation ofdey especially at the moderate to high
2001) and angular distribution of sky radiance at four wave-AOD levels analyzed in this study. Previous studies showed
lengths (440, 675, 870, and 1020 nm). In addition to the di-that Aey; is typically between 0.24 and 0.6 over the desert
rect measurement of AOD, the inversion algorithm retrievessites (e.g., Wang et al., 2004; Dubovik et al., 2002; Eck
physical and optical properties of aerosols such as volumet al., 2008; Todd et al., 2007). Previous studies using
size distributions, the complex refractive index, single scat-AERONET data have found a strong relationship between
tering albedo, and asymmetry parameter at 440, 675, 8708 ¢y and aerosol absorption in both desert and non-desert
and 1020 nm, under conditions of relatively high aerosol op-sites (Eck et al., 2008, 2010). This indicates that the contri-
tical depth (AOD> 0.4 at 440 nm) and large solar zenith an- bution of fine mode aerosols other than dust is not negligible
gle (>50°) (Dubovik and King, 2000; Smirnov et al., 2000; even in dust regions. In this study we choos8a value
Dubovik et al., 2002, 2006; Eck et al., 2008, 2010). Dustof 0.2 or less, calculated with the Sunphotometer measured
optical properties are retrieved with a model of shape mix-AOD at 440 and 870 nm wavelengths, as a criteria to extract
tures of randomly oriented spheroids (Dubovik et al., 2006).dust (DU) from the complete AERONET data witt 0.4
Recent field measurements found that the measured optic8ALL) over 14 selected dust sites. Such a criteria ensures
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Table 1. Annual mean and standard deviation of single scattering albedo, asymmetry parameter, complex refractive index of DU at 550 nm
wavelengthAngstrt')m exponent/%ext) is at 440-870 nm. Sampling period is in the parenthesis of the first column and the number of DU
and ALL days during the sampling period is in the last column. Maximum and minimum values are in parenthesis of the optical property
related columns.

SSA ASYM REFR REFI i&ext DU (ALL)
(x1073) Days

Cape Verde  0.9420.006 0.76Z-0.006 1.458-0.007 2.389:0.323 0.130:0.014 841
(1996-2009)  (0.866,0.989) (0.707,0.792) (1.387,1.600)  (0.5,8.5) —0.009,0.2)  (1264)

Dakar 0.946:0.007 0.76Q:0.009 1.4810.017  2.4210.367 0.130:0.017 866
(2001-2009)  (0.856,0.979) (0.715,0.794)  (1.38,1.600) (0.9,6.9) (0.011,0.199)  (1793)
Saada 0.936:0.009 0.750:0.008 1.486:0.018  3.135:0.565 0.156:0.026 149
(2004-2009)  (0.891,0.967) (0.716,0.772) (1.436,1.600)  (1.5,6.4) (0.031,0.198)  (754)
Santa Cruz 0.9320.008 0.756:0.013 1.467Z-0.023  2.894:0.326 0.149:0.012 49
(2005-2009)  (0.923,0.960)  (0.738,0.786) (1.429,1.501)  (1.6,3.8) (0.111,0.188)  (119)

Solar Village ~ 0.941:0.009 0.742-0.004 1.5310.028  2.312:0.322 0.116:0.024 1011
(1999-2008)  (0.892,0.974) (0.717,0.794) (1.417,1.600)  (1,5.2.0) —0.082,0.199) (2393)

Hamim 0.9510.007 0.733:0.010 1.5210.032  2.029-0.443 0.139:0.058 157
(2004-2007)  (0.910,0.972)  (0.700,0.761) 2 (1.449,1.600) (1,4.5.0) —0.08,0.199) (1018)
Bahrain 0.9480.010 0.731:0.004 1.558-0.029  2.032:0.279 0.1410.017 43
(1998-2006)  (0.915,0.986) (0.719,0.757) (1.468,1.600)  (0.5,3.7) (0.037,0.186)  (372)
Mezaira 0.9510.000 0.7310.000 1.544-0.000  1.90@-0.000 0.172:0.000 15
(2004-2007)  (0.915,0.986) (0.719,0.757) (1.468,1.600)  (0.5,3.7) (0.037,0.186)  (452)

Banizoumbou 0.95@ 0.009 0.765:0.015 1.479:0.031  2.087:0.391 0.135:0.022 1416
(1995-2009)  (0.859,0.987) (0.702,0.811) (1.375,1.600)  (0.5,8.8) —0.06,0.200) (3006)

llorin 0.940+£0.009 0.753:0.011 1.514:0.023  2.565:0.563 0.157:0.012 82
(1998-2009)  (0.786,0.973) (0.714,0.788)  (1.433,1.600)  (0.9,14.0) (0.052,0.199)  (1832)

IER Cinzana  0.9430.007 0.76Q:0.010 1.485:0.021  2.487:0.332 0.132:0.027 828
(2004-2009)  (0.844,0.982) (0.708,0.802) (1.393,1.600)  (0.6,7.3) —0.0(5,0.200) (1979)

Agoufou 0.938:0.008 0.767:0.012 1.483:0.025  2.745:0.419 0.12G:0.032 1379
(2003-2009)  (0.812,0.975) (0.718,0.810) (1.385,1.600)  (0.9,14.3) —0.048,0.200) (1993)
Djougou 0.937:0.013 0.755:0.007 1.505:0.032  2.654:0.600 0.14G:0.017 148
(2004-2007)  (0.860,0.973) (0.703,0.795) (1.378,1.600)  (0.8,8.1) (0.049,0.200)  (1526)
Tamanrasset ~ 0.9470.006 0.766£0.004 1.456:0.014  2.3710.256 0.114:0.042 150
(2006-2009)  (0.909,0.965)  (0.751,0.780)  (1.387,1.506)  (1.5,4.5) (0.012,0.195)  (190)
Overall 0.944-0.005 0.752:0.014 1.498-0.032  2.430:0.353 0.138:-0.018

that the fine mode aerosols are mostly excluded from this3 Dust optical properties
analysis and the results are representative of nearly “pure”
dust, even though the fine mode dust is also being excludedn this section, we first present detailed analysis at four rep-
Although sea salt aerosol is also mainly in the coarse modéesentative sites, namely Tamanrasset in the center of Sa-
and has smalngstm exponent{0.3-0.7; Smirnov etal., hara desert, Cape Verde island near the west coast of North
2002b), its contribution over these dust dominated sites isAfrica, Banizoumbou in the Sahel region, and Solar Village
largely negligible. in the Arabian Desert. These sites are marked as red squares
Both ALL and DU data are first sampled from the in Fig. 1. We then summarize overall multi-year statistics
AERONET Version 2 quality assured Level 2 inversion data of dust aerosol optical properties at all 14 sites. Dust opti-
taken at 15 min time intervals. We aggregated these instantasal properties analyzed here include single scattering albedo
neous data to obtain daily means and then monthly meang{SSA), asymmetry parameter (ASYM), and real and imagi-
We only consider monthly mean values when the numbemary refractive index{ andk) at 440, 675, 870, and 1020 nm.
of sampling days is greater than three days in a particulaiThese are the key parameters for calculating dust radiative
month. effects. The extracted dust optical properties are compared
with those calculated from the complete AERONET data
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Fig. 2. Sampling frequency (first row) and DU optical propertiesﬁ@f(t (440-870 nm) (second row), SSA (third row), ASYM (fourth row),
and real and imaginary part of refractive indices (fifth and sixth row) at 440 nm at four selected sites (column 1-4).

set (ALL). Table 1 lists the site name, measurement periodthe end of 2009. Over Cape Verde, the number of ALL
average values of DU optical properties at a commonly usediays (blue bars) is generally between 70 and 200 days for
wavelength of 550 nm (using logarithmic interpolation be- all months except for November and December when data
tween 440 and 670 nm/iext (440-870 nm), and the DU and are rather sparse (below 30 days). The DU occurrence fre-
ALL days at the 14 sites. quency (fpu) is relatively low in the winter months~20—
Figure 2 shows the accumulated DU occurrence days oP0 %), compared to the rest of the year50-90%). The
each month, occurrence frequengis(, defined as the per- lower fpy in winter reflects the influence of biomass burning
centage of DU occurrence days in ALL days with- 0.4  aerosol that are transported from the Sahel during the burn-
for both cases), and the extracted climatological monthlyind season (Tesche etal., 2009). As a result, there are signif-
values offey and aerosol optical properties (at 440 nm) at icant differences between DU and ALL fdtex, SSA, and
the four selected sites using all available measurements b{€ imaginary part of the refractive indek)( especially in
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Fig. 3. Wavelength dependency of DU optical properties at four selected sites.

December and January. In these months DU data have muchx 10~3—4x 10-3, with a standard deviation that is a factor
weaker absorption at 440 nm (SS$£0.92-0.93) than ALL  of 2—3 smaller than that from ALL. The real part of refractive
(SSA=0.87-0.89). While the standard deviations of SSA index for DU is about 1.43-1.50, which is higher than ALL.
andk for DU have similar values for all months, those for  Tamanrasset (Fig. 2c) is in the center of the Saharan desert.
ALL are much larger in winter than in other seasons, presum-The AERONET retrieval data frequency is quite low. The
ably reflecting a mixture of dust and biomass burning smokenumber of days for ALL is only about 20 to 30 days in each
in winter. There are no significant differences for asymmetrymonth during the measurement period (Table 1), and no data
parameters (ASYM) and real part of the refractive index ( are available in winter. On the other hand, tfs, is as
between DU and ALL, with ASYM of about 0.78 andof high as 60-100 % except in October (40 %), suggesting the
1.42-1.46 throughout the year. dominance of DU in most months. As expected, there is no
Located in the middle of the Sahel, Banizoumbou (Fig. Zb)discernable difference gyt and optical properties between
is heavily influenced by both dust and biomass burning.ALL @nd DU. The mean SSA s 0j90_0'934 at 440 n3m and the
The fpy value is generally 40-60% in spring and sum- Imaginary part of r.efract|ve|n'dex i$210°°—4x107°. The
mer but drops significantly to below 20 % in fall and winter, Strongest absorption occurs in May to August (SSB.90).
again suggesting the significant influence of biomass burnStandard deviations of SSA aridare relatively small at
ing aerosols during the burning season. Similar to Cape_io.oz and+0.0005, re_specuvely. The real part of.refractlve
Verde, Aext of DU is much lower than ALL during fall index for DU and ALL is about 1.42-1.46 except in Japuary
and winter but they are remarkably similar in spring and and Fepruary when there are IQW dust.days. Back trajectory
summer. DU absorption (SSA of 0.92-0.95 at 440 nm) iganalysis _showed that most of_alr mass is from Eagt or North-
much weaker than ALL (SSA of 0.87-0.90) during winter, East_ during the season. ThIS shows that _du;F is th_e most
also similar to the results found at llorin, Nigeria by Eck et dominant source of absorption and the variability of imag-
al. (2010). In other seasons, DU and ALL show comparablenary refractive index indicates different iron-oxide contents
absorption with mean SSA of 0.940.95 at 440nm. The [N eachdustevent.
imaginary part of refractive index for DU sampling is about

www.atmos-chem-phys.net/11/10733/2011/ Atmos. Chem. Phys., 11, 100738t-2011
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Fig. 4. Annual mean and standard deviationfal (440-870 nm) and optical properties at 440 nm at all considered sites.

Solar Village (Fig. 2d) is relatively close to the industrial- due to the spectral absorption properties of iron oxides in
ized Gulf region. The site has higher number of ALL days dust (Sokolik and Toon, 1999). This is illustrated with the
during spring and summer than other seasons with muchmaginary refractive indexk{, i.e., higher value at 440 nm
higher fpu in the first half of year {60 %) than the second than longer wavelengths. There is no clear wavelength de-
half (5-40 %), suggesting the seasonal variation of aerosgbendence for real refractive index)(@and ASYM. The stan-
mixtures. Accordingly, thé ey and optical properties (SSA, dard deviation of DU is much smaller than that of ALL at all
k) of DU and ALL are much closer to each other in the first wavelengths, indicating the robustness of the DU sampling
half of the year than in the second half. The ASYM at Solar method.

Village is about 0.77 for both DU and ALL, which is lower  Annual mean optical properties at 440 nm from all 14 sites
than 0.79-0.80 in the other three sites. (in Fig. 1) are summarized in Fig. 4. The first noticeable

Figure 3 shows the wavelength dependence of SSAresult is the largely reduecekky and its variability in DU
ASYM, n, andk for DU and ALL in four selected sites. The from ALL. The extracted resultinéext of DU is very sim-
increasingAex patterns to wavelengths at three sites exceptilar across the 14 sites. Another noticeable difference be-
for Solar Village are similar as in typical dust, however that tween DU and ALL is that the standard deviation of SSA
of Solar Village is opposite. The increase of SSA with wave-andk from DU is a factor of two to three lower than those
length is a typical pattern for dust (Eck et al., 2008, 2010),from ALL. At the commonly referenced wavelength 550 nm,
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and Fenn,1979 or SF79; Hess et al., 1998 or OPAC; Lafon et
al., 2006 or L06; Todd et al., 2007 or TO7). For L0O6, multi-
ple lines represent different iron oxides fractions in the soll
samples. As noted in Sect. 1, many models currently use
the OPAC database (Hess et al., 1998). The real part of re-
fractive index has little wavelength dependence with values
in the range of 1.40-1.60. However, different studies show
very large differences in the imaginary part of refractive in-
dex, particularly in the UV and mid-visible range. In near
infrared, our results agree with LO6 and LO6-HK4 very well,
which is about a factor of 2 higher than TO7 but in general
more than a factor of 2 lower than OPAC and L06-HK8.2. In
shorter wavelengths, our results are about a factor of 2 higher
than TO7 but substantially lower than other studies. The dis-
crepancy increases sharply with decreasing wavelength. The
iron oxide fraction of the sampled dust in the range of 1.8—
8.2% is a major reason for the large range of the imaginary
refractive index as shown by Lafon et al. (2006). It is worthy
to note that the diatom aerosol (from fossilized plankton) is a
major dust compound in lakebeds such as thed#o{lodd

et al., 2007), which is not represented in the dust samples
in Lafon et al. (2006). Our results suggest that atmospheric
absorption and heating by dust might be lower than those
calculated using OPAC dust absorption properties.

We have used a criticélexmit of 0.2 in this study to select
nearly “pure” dust in source regions. This selection would
also exclude fine mode dust particles. However, the similar
values of,&ext between ALL and DU during dust dominant

Fig. 5. Real and imaginary refractive index of the QUst determined season (Fig. 2) imply that most dust aerosols are in the coarse
from AERONET (DU) from the current study. TO7 is from Todd et mode. We further examine if the derived dust optical prop-

al. (2007), OPAC is from Hess et al. (1998), SF79 is from Shettle
and Fenn (1979), LO6 is from Lafon et al. (2006), and D02 is the
Bahrain site (most abosrobing site) in Dubovik et al. (2002). Dif-
ferent volume fractions (%) of iron oxide in the hematite-kaolinite
(HK) and hematite-illite (HI) aggregates are shown in the parenthe-:

sis of LO6.

the annual mean and standard deviation of SSA, AS¥M,
andk of DU at the 14 sites are 0.9440.005, 0.752-0.014,

1.498+ 0.032, and 0.0024 0.0035, respectively.

4 Discussion

It is worth noting that in general DU is less absorbing than

erties are sensitive to the chosen threshold valu@eeQﬁ‘Cm;

our sensitivity test shows that SSA gradually decreases with
increasing&exmit for all Saharan sites, although individual
sites may exhibit the opposite trend. Our method of remov-
ing non-dust aerosols from the AERONET product does not
always work well. For example, the derived SSA in Blida is
opposite to the change in imaginary part of refractive index
(k) probably due to the influence by background aerosols.
Also we could not find meaningful results over China be-
cause of the constant presence of other type of aerosols, such
as fine mode pollution aerosols, which makes the selection
of “pure” dust difficult. Also note that we did not consider
the effect of internally mixed dust and other aerosols.

ALL over the North African sites but more absorbing at the 5 Conclusions

Arabian sites (Fig. 4). A possible explanation is that the

DU filter has effectively removed the fine mode aerosols,Given that dust aerosol is dominated by larger particles
which is mostly the more absorbing biomass burning aerosokspecially over the source region aﬁdgstr‘c‘)m exponent
over North Africa but less absorbing pollution aerosols (such(Aex) is inversely related to the particle size, we have used
as sulfate) over Arabian Desert and two sites near Mediterthe Aext < 0.2 as a threshold to extract dust (DU) from

ranean of Saada and Santa Cruz Tenerife.

Backgrounthe AERONET dataset.

We have applied this sampling

aerosols may also affect the results. Figure 5 shows the conmethod to the multi-year AERONET datasets at 14 sites in
parisons of dust refractive indices from this study with var- and around the Saharan and Arabian Deserts. Our analysis
ious previous studies (Patterson et al., 1977 or P77; Shettlshowed that the method works generally well in minimizing

www.atmos-chem-phys.net/11/10733/2011/

Atmos. Chem. Phys., 11, 100738t-2011



10740

D. Kim et al.: Dust optical properties over North Africa and Arabian Peninsula

the influences of non-dust aerosols. The DU sampling conDerimian, Y., Karnieli, A., Kaufman, Y. J., Andreae, M. O., An-

stitutes 40-80% of ALL datasets, depending on sampling

dreae, T. W., Dubovik, O., Maenhaut, W., and Koren, I.: The

sites. The largest differences of optical properties between role of iron and black carbon in aerosol light absorption, At-

DU and ALL appear in the biomass burning season in north-
ern Africa. In general, DU is less absorbing than ALL in

ing than ALL in the Arabian Desert. A possible explanation

the Saharan and Sahelian regions while DU is more absorb?

mos. Chem. Phys., 8, 3623-3680j:10.5194/acp-8-3623-2008
2008.

ubovik, O. and King, M. D.: A flexible inversion algorithm for

retrieval of aerosol optical properties from Sun and sky radiance
measurements, J. Geophys. Res., 105, 20673-20696, 2000.

is the contribution by other aerosols, such as non-absorbing, ,,ovik O. Smirmov. A.. Holben. B. N. King, M. D., Kauf-
sulfate versus more absorbing biomass burning aerosols, in man v. 3. Eck, T. F., and Slutsker, I.: Accuracy assessments of

the ALL. The variability of aerosol optical properties for DU
is much smaller than that for ALL. The absorption variability
in DU may be attributed to the variability of iron-oxides con-

aerosol optical properties retrieved from Aerosol Robotic Net-
work (AERONET) Sun and sky radiance measurements, J. Geo-
phys. Res., 105, 9791-9806, 2000.

tents in different dust areas. Interpolating the multi-spectralDubovik, O., Holben, B. N., Eck, T. F.,, Smirnov, A., Kaufman, Y.

optical properties to a commonly used wavelength of 550 nm,

J., King, M. D., Tange, D., and Slutsker, I.: Variability of ab-

we find that the mean and standard deviation of single scat- sorption and optical properties of key aerosol types observed in

tering albedo, asymmetry parameter, real refractive index
and imaginary refractive index of DU in Saharan and Ara-
bian dust are 0.946 0.005, 0.752-0.014, 1.498 0.032,
and 0.0025t 0.0036, respectively. In comparison, those of
ALL are 0.932+0.011, 0.738:0.004, 1.475 0.011, and
0.0045+ 0.0014, respectively, at 550 nm.

worldwide locations, J. Atmos. Sci., 59, 590-608, 2002.

Dubovik, 0., Sinyuk, A., Lapyonok, T., Holben, B. N,

Mishchenko, M., Yang, P., Eck, T. F., Volten, H., Koz, O.,
\eihelmann, B., van der Zande, W. J., Leon, J.-F., Sorokin, M.,
and Slutsker, |. The application of spheroid models to account for
aerosol particle nonsphericity in remote sensing of desert dust, J.
Geophys. Res., 111, D112@#)i:10.1029/2005JD006612006.

There exist uncertainties and limitations in the methodEck, T. F., Holben, B. N., Reid, J. S., Dubovik, O., Smirnov, A.,

used here when non-dust aerosol is significantly high (e.g.,

Blida and China) or the number of sampling days are not

large enough (e.g., China). To obtain the dust optical proper-

O'Neill, N. T., Slutsker, 1., and Kinne, S.: Wavelength depen-
dence of the optical depth of biomass burning, urban, and desert
dust aerosol, J. Geophys. Res., 104, 31333-31349, 1999.

ties over those area may have to rely on event-based or in-sit§c%: T- F.. Holben, B. N., Reid, J.'S., Sinyuk, A., Dubovik, O.,

measurements.
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