














Sp(523 nm) varies slightly around the value obtained with
the two-Sp-approach. The C-130 aircraft flew an ascent from
near the surface to 5 km at the ship location two hours after
the Twin Otter profile shown here. Combining data from an
integrating Nephelometer, a PSAP, and a 180�-backscatter
nephelometer [Anderson et al., 2000, 2003] aboard the
C-130 resulted in Sp(532 nm) �45 sr throughout the profile
(S. Masonis, personal communication, 2002). This value
however, has not yet been corrected for the fact that the in
situ measurements were performed at low relative humidity.
[48] Murayama et al. [2003] and Sakai et al. [2002]

report Sp(532 nm) = 46.5 ± 10.5 sr and 46 ± 5 sr for an
elevated dust layer (4–7 km) using Raman lidar night-
time observations on 23 April with in situ measurements
on the C-130 earlier in the day yielding 50.4 ± 9.4 sr
(again at low RH).
[49] In a future publication we plan to compare our

implied Sp(523 nm) with those computed from Twin Otter
in situ size distributions [Wang et al., 2002] and from
size distributions inverted from AATS-14 sep(l) spectra
[Kuzmanoski et al., 2002; Schmid et al., 2000].

3.5. Aerosol Extinction Closure or Comparison From
All Four Methods

[50] In the following we discuss five cases where profiles
of tp(l) and sep(l) are available from at least three of the

four methods discussed in this paper. All profiles are shown
for l = 550 nm. The MPL data have been adjusted to that
wavelength using the wavelength dependence of sep(l)
found with AATS-14 (equation (7)).
[51] Figure 15 shows tp(550 nm) and sep(550 nm)

obtained from AATS-14, from the sum of scattering and
absorption from Nephelometers and PSAP instruments, and
from MPL during a Twin Otter vertical profile over the R/V
Ronald H. Brown on 6 April 2001. The Nephelometer+PSAP
tp(550 nm) profile is anchored to the AATS-14 tp(550 nm) at
the top of the profile. The AATS-14 tp(550 nm) error bars are
the measurement errors computed according to Russell et al.
[1993a] and do not account for spatial variability. Error bars
of sep(550 nm) for AATS-14 are based on horizontal distance
spanned by the profile, combined with average horizontal
variability of tp(l) in ACE-Asia flights. The MPL data is
processed using the two lidar-ratio approach described
earlier. As shown in Figure 13, a lidar ratio of 23 sr is needed
to bring the MPL in agreement with AATS-14 near the
surface. An even lower value would be needed to force
agreement with the Nephelelometer+PSAP data.
[52] Figure 16 shows tp(550 nm) and sep(550 nm)

obtained from AATS-14, from the sum of scattering and
absorption from Nephelometers and PSAP instruments and
computed from size distributions during a vertical profile on
14 April 2001. The Nephelometer+PSAP sep(550 nm) are

Figure 17. tp(550 nm) and sep(550 nm) obtained from AATS-14, from the sum of scattering and
absorption from Nephelometers and PSAP instruments, computed from size distributions and from ship-
based MPL during a Twin Otter vertical profile over R/V Ronald H. Brown on 17 April 2001.

ACE 24 - 18 SCHMID ET AL.: ACE-ASIA COLUMN CLOSURE STUDIES



considerably lower in the elevated dust layer and in the
MBL. sep(550 nm) computed from size distributions fol-
lows the Nephelometer+PSAP curve in the dust but is closer
to AATS-14 in the MBL.
[53] Figure 17 shows tp(550 nm) and sep(550 nm)

obtained from AATS-14, Nephelometer+PSAP, computed
from size distributions, and from MPL during a Twin Otter
vertical profile over the R/V Ronald H. Brown on 17 April
2001. Compared to AATS-14 the computed sep(550 nm) is
again significantly lower in the elevated dust layer but
agrees well for most of the MBL. Nephelometer+PSAP
sep(550 nm) are slightly less than AATS-14 in the dust and
significantly less in the MBL. The Nephelometer+PSAP
also shows a layer near 3.3 km, which is not confirmed by
the other three instruments.
[54] Figures 18 and 19 show tp(550 nm) and sep(550 nm)

obtained from AATS-14, and Nephelometer+PSAP data,
and computed from size distributions for vertical profiles on
19 and 23 April 2001. In both cases there is good agreement
among all three methods in terms of sep(550 nm) and
integrated tp(550 nm).

4. Summary and Conclusions

[55] We assess the consistency (closure) between solar
beam attenuation by aerosols and water vapor measured by

airborne Sun photometry and derived from airborne in situ,
and ship-based lidar measurements during the ACE-Asia
field experiment. The airborne data presented here were
obtained aboard the Twin Otter aircraft. A companion paper
[Redemann et al., 2003] discusses closure results obtained
from the C-130 aircraft.
[56] We have analyzed 26 lower tropospheric vertical

profiles of tp(l), CWV, sep(l) and rw obtained with
AATS-14 over the ocean around Japan. A common feature
is that often tp(499 nm) �0.1 (total range 0.03–0.2) at
�3.5 km altitude revealing the prevalence of elevated dust
layers. In fact, MPL retrievals from the ship (6 and 17 April)
show dust layers extending to 10 km altitude. From the
combined MPL/AATS-14 analysis we find the dust above
4 km to have Sp(523 nm) 59–71 sr, which is slightly higher
than values found with Raman lidar and in situ measure-
ments on a different day (23 April) [Murayama et al., 2003;
Sakai et al., 2002].
[57] We find the spectral shape of sep(l) to be a good

indicator of particle size, with dust layers exhibiting an
almost flat, slightly convexly curved spectrum.
[58] The Twin Otter water vapor results reveal a relatively

dry atmosphere during ACE-Asia with all CWV < 1.5 cm
and rw < 12 g/m3. The C-130 aircraft encountered similarly
dry conditions with the exception of a flight on 30 April
2001 [Redemann et al., 2003]. Comparing LWVand rw from

Figure 18. tp(550 nm) and sep(550 nm) obtained from AATS-14, from the sum of scattering and
absorption from Nephelometers and PSAP instruments and computed from size distributions during a
Twin Otter vertical profile on 19 April 2001.
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AATS-14 to the same quantities measured with in situ
sensors leads to a high correlation (r2 = 0.96) but AATS-14
tends to underestimate rw by 7%. The corresponding water
vapor closure study using AATS-6 and in situ data from the
C-130 revealed no systematic difference [Redemann et al.,
2003].
[59] Fourteen profiles of tp(l) and sep(l) were analyzed

in terms of aerosol closure between AATS-14 and the sum
of scattering and absorption from Nephelometers and PSAP
instruments. When comparing layer tp(l), 6 (of 14) cases
show disagreement larger than the error bars. The compar-
ison of sep(l) reveals that the Nephelometers and PSAP
results are �13% lower than the AATS-14 results (based on
slope of the least squares bisector line). We find no obvious
correlation between the differences in sep(l) and the size of
the aerosols dominating the respective layers. The
corresponding aerosol closure study using AATS-6 and
Nephelometer+PSAP data from the C-130 led to slightly
better agreement than found here [Redemann et al., 2003].
The level of agreement found in this closure study and in
TARFOX [Hegg et al., 1997; Hartley et al., 2000] is similar.
Better agreement was found during SAFARI-2000 [Magi et
al., 2003], probably because the aerosol was dominated by
small, spherical, relatively non-hygroscopic biomass burn-
ing particles and ambient RH was relatively low. The
agreement found in ACE-2 was much poorer because the
design of the aerosol inlet prevented the larger dust particles
from being sampled. [Schmid et al., 2000].

[60] Comparing sep(550 nm) from the four different
techniques shows good agreement for the vertical distribu-
tion of aerosol layers. However, the level of agreement in
absolute magnitude of the derived aerosol extinction varied
among the aerosol layers sampled. The sep(550 nm) com-
puted from size distribution and composition shows good
agreement in the MBL but is considerably lower in layers
dominated by dust. Wang et al. [2002] suggest that the
discrepancy might be explained by the shape of the dust
particles. They show that a nonspherical model of dust
(doublet agglomerates) can produce agreement between
predicted and observed extinction via the combined effect
of larger APS-derived particle size and larger extinction-to-
volume ratios. It is interesting to note that the Wang et al.
[2002] study reproduces the shape ofsep(l= 354� 1558 nm)
as measured by AATS-14, whereas the ACE-2 study of
Collins et al. [2000] (using optical probes PCASP and FSSP
instead of TDMA and APS used by Wang et al. [2002]) did
not reproduce sep(l > 1020 nm) as measured by AATS-14.
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Figure 19. Same as Figure 18 but for a Twin Otter vertical profile on 23 April 2001.
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Gassó, S., et al., Influence of humidity on the aerosol scattering coefficient
and its effect on the upwelling radiance during ACE-2, Tellus, Ser. B, 52,
546–567, 2000.

Harder, J. W., J. W. Brault, P. V. Johnston, and G. H. Mount, Temperature
dependent NO2 cross sections at high spectral resolution, J. Geophys.
Res., 102, 3861–3879, 1997.

Hartley, W. S., P. V. Hobbs, J. L. Ross, P. B. Russell, and J. M. Livingston,
Properties of aerosols aloft relevant to direct radiative forcing off the mid-
Atlantic coast of the United States, J. Geophys. Res., 105, 9859–9886,
2000.

Hegg, D. A., J. Livingston, P. V. Hobbs, T. Novakov, and P. Russell,
Chemical apportionment of aerosol column optical depth off the mid-
Atlantic coast of the United States, J. Geophys. Res., 102, 25,293–
25,303, 1997.

Holben, B. N., et al., AERONET: A Federated Instrument Network and
Data Archive for Aerosol Characterization, Remote Sens. Environ., 66,
1–16, 1998.

Huebert, B. J., T. Bates, P. B. Russell, G. Shi, Y. J. Kim, K. Kawamura,
G. Carmichael, and T. Nakajima, An overview of ACE-Asia: Strategies
for quantifying the relationships between Asian aerosols and their climatic
impacts, J. Geophys. Res., 108(D23), 8633, doi:10.1029/2003JD003550,
in press, 2003.

Kasten, F., Visibility in the phase of pre-condensation, Tellus, 21, 631–635,
1969.
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