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Airborne Lidar Measurements of Aerosol Optical Properties During
SAFARI-2000

M.J. McGill, D.L. Hlavka, W.D. Hart, E.J. Welton, and J.R. Campbell

The Southern African Regional Science Initiative (SAFARI) conducted during

August-September 2000 provided a unique opportunity to study the

climatology of southern Africa. Particular emphasis was placed on

measurements of biomass burning and regional emissions. Measurement

capabilities included ground-based, airborne, and spaceborne

instrumentation from active, passive, and in situ sensors. Data from the
multiple platforms and sensors will be used to better understand linkages

between the land-atmosphere processes that are unique to southern Africa.

The Cloud Physics Lidar (CPL) onboard the high-altitude ER-2 aircraft

provided data on cloud height and structure as well as aerosol and smoke

plume structure, and optical depth. The spatial coverage attainable by the

ER-2 permits studies of aerosol properties across wide regions of the southern

African continent. As a result, the CPL measurements provide large-scale

aerosol mapping that will be useful in studies of aerosol transport. During

the SAFARI mission the CPL also provided measurements of boudary layer

structure and optical properties to aid in studies of biomass burning.

This paper presents results of the CPL measurements from the SAFARI field

campaign. Large-scale mapping of aerosols in the planetary boundary layer

provides a regional climatology of aerosol distribution. Retrieved optical
depth estimates are shown to be consistent with expectations and

characteristics of regional variability are investigated. Comparisons of CPL-

derived aerosol extinction profiles are shown to compare favorably with those
from ground-based lidar instruments.
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Abstract

The Cloud Physics Lidar (CPL) operated onboard the NASA ER-2 high

altitude aircraft during the SAFARI-2000 field campaign. The CPL provided

high spatial resolution measurements of aerosol optical properties at both

1064 nm and 532 nm. We present here results of planetary boundary layer

(PBL) aerosol optical depth analysis and profiles of aerosol extinction.

Variation of optical depth and extinction are examined as a function of

regional location. The wide-scale aerosol mapping obtained by the CPL is a

unique data set that will aid in future studies of aerosol transport.

Comparisons between the airborne CPL and ground-based MicroPulse Lidar

Network (MPL-Net) sites are shown to have good agreement.

Introduction

The Southern African Regional Science Initiative (SAFARI) during August-

September 2000 provided a unique opportunity to study the climatology of

southern Africa. [Swap et al., 1988; Swap et al., 2002] Particular emphasis

was placed on measurements of biomass burning and regional emissions.

Measurement capabilities included ground-based, airborne, and spaceborne

instrumentation from active, passive, and in situ sensors. Data from the

multiple platforms and sensors will be used to better understand linkages

between the land-atmosphere processes that are unique to southern

Africa. [Swap et al., 2002]



During the SAFARI campaign a high priority was placed on airborne remote

sensing measurements from the NASA ER-2 high altitude aircraft. [King et

al., this issue] The SAFARI field campaign was the first field deployment for

the new ER-2 Cloud Physics Lidar (CPL). The CPL provided data on cloud

height and structure as well as aerosol and smoke plume structure, and

optical depth. Lidar profiling from the ER-2 nearly mimics spaceborne

measurements, and the spatial coverage attainable by the ER-2 permits

studies of aerosol properties across wide regions of the southern African

continent. The large-scale aerosol mapping provided by the CPL will enhance

studies of aerosol transport.

The CPL is designed to operate simultaneously at 3 wavelengths: 1064, 532,

and 355 nm. However, for the SAFARI campaign the 355 nm channel was

not yet operational. Vertical resolution of the CPL measurements is fixed at

30 m. Horizontal resolution is 1/10 second (-20 m at typical ER-2 speeds),

but data are averaged to 1 second for the final data products. Primary data

products include: time-height cross-section images; cloud and aerosol layer

boundaries; optical depth for clouds, aerosol layers, and PBL; and extinction

profiles. All data products are produced for both 532 and 1064 nm. A

detailed description of the CPL instrument is beyond the scope of this paper,

but details can be found in McGill et al. [2002].

During the SAFARI campaign 19 ER-2 flights were conducted, totaling

nearly 120 flight hours. In this paper we present selected results from the

CPL measurements. A composite of the derived optical depth of the



planetary boundary layer (PBL), along with statistics on the optical depth

and aerosol extinction form the basis for this work. Comparisons between

data from the CPL and ground-based Micro-Pulse Lidars (MPL) in the Micro-

Pulse Lidar Network (MPL-Net) [Welton et al., 2001] were made to validate

the accuracy of the lidar results. One MPL was located in the Skukuza

National Park in South Africa, the other in Mongu, Zambia. MPL-Net sites

are co-located with Aerosol Robotic Network (AERONET) sunphotometers,

and each site provides aerosol and cloud layer heights, and profiles of

extinction and optical depth for each layer. Campbell et al. [this issue]

discuss the MPL-Net results from SAFARI in more detail.

CPL Optical Analysis Procedures

To obtain cloud or aerosol optical depth from airborne lidar data requires two

primary assumptions regarding the scattering characteristics of the

particulates. The first assumption is that multiple scattering can be reliably

quantified or neglected. For the CPL instrument multiple scattering is small

due to the narrow field of view of the receiver (100 _tradians, full angle) and is

ignored. The second assumption is that the value of the extinction-to-

backscatter ratio, or S-ratio, is known. The S-ratio is the total scattered and

absorbed energy divided by the amount of backscattered energy, or 4_ times

the inverse of the product of the single-scattering albedo times the scattering

phase function evaluated at a 180-degree scattering angle. For a given

scattering layer the S-ratio is assumed to be constant. Under certain

favorable circumstances the S-ratio can be estimated from the lidar data, but

computations for the CPL data often will require externally computed values.



The goal of the optical properties analysis of the CPL lidar signal is to obtain

particulate extinction cross section profiles ((_p)and particulate layer optical

depths (%). The discussion given below essentially restates a derivation

given many times in the literature (see, for example, Spinhirne et al., 1996)

and only an overview will be provided here.

The working lidar equation for a nadir pointing lidar can be written as:

P(z) : ([_p(z) + _m(Z))T_(z) Tm:(Z) (Eqn. 1)

where P(z) is the calibrated normalized lidar signal or attenuated backscatter

coefficient. The total (particulate and molecular) volumetric backscatter

coefficient at distance z is denoted by _(z) and the two-way particulate and

molecular transmission factor from the aircraft altitude to altitude z is given

by T2(z). The two-way transmission is also expressed as

exp[-2(_m(Z) + _p(Z))], where T is optical depth and the subscripts m and p

designate molecular and particulate contributions, respectively. Because the

molecular contribution to the total backscatter and transmission can be

computed from theory, Eqn. 1 is written with the molecular and particulate

contributions explicitly separated.

The following relationships relate the two-way transmission to the S-ratio:

(_P (assumed a constant for each layer), (Eqn. 2)
T_ = e -2j'°_a_ and Sp = [3---_-

and



Tm2 -- e -2Samdz and Sm = a___m (Eqn. 3)

where Sp and Sm are the effective particulate and molecular extinction-to-

backscatter ratios, respectively. Rayleigh scattering theory can be used to

calculate T2m(Z) if the vertical molecular density profile is accurately known

(e.g., provided by sounding data). The molecular extinction-to-backscatter

ratio, Sm is a constant 8rc/3 sr. The purpose of the CPL data processing is to

solve for the vertical profiles of f3p. The true particulate optical depth and

extinction profiles can be then be computed from the values of Sp and 13p.

Forward inversion processing continues throughout each particulate layer

until Tp(z) < T_ or until the signal from the earth's surface is detected, where

TL is a limit defined through error consideration..Extensive automated use of

this algorithm has been incorporated into both the Global Backscatter

Experiment (GLOBE) with aircraft lidar and analysis of ground-based MPL

data from a 1998 field experiment at the Atmospheric Radiation

Measurement (ARM) program site in Oklahoma.[Hlavka et al., 1998]

Backward inversion processing, where the boundary conditions are known at

the base of the layer, is optionally used for low noise and high optical depth

situations.

An important component of the transmission solution is the particulate S-

ratio, Sp. When the particulate layer being analyzed is determined to meet

the appropriate criteria for underlying signal analysis, an algorithm to

calculate an estimate of Sp is used. Appropriate criteria include 1) layer is



optically thin with either a lower layer or earth's surface sensed and 2)

enough clear air (no aerosols) exits below the layer to determine signal loss

through the layer. The clear air zone must be at least a minimum thickness

(around 0.6 km) and analysis is usually restricted to 3 km thickness. Ice

clouds above 5 km are the most likely candidates for this analysis, although

elevated aerosol layers with enough clean air below are also appropriate.

Under these conditions, an estimate of Tp(z) (and thus an estimate of effective

optical depth for the layer) can be determined. A similar version of this

analysis method has worked well during automated MPL data

processing.[Welton et al., 2002]

For atmospheric layers where Sp cannot be calculated, a value is assigned for

each layer based on pre-defined look-up matrices of Sp, distinguishing

between different cloud and aerosol regimes. Because the calculation of Sp

requires a clear air zone below the layer, the PBL must always default to the

pre-defined matrices unless the optical depth can be estimated from an

independent instrument. Determination of Sp for aerosol (non-cloud) will be

driven by geographic location, layer height, and relative humidity, with

geographic location the most important factor. Geographic location can be

divided into three main aerosol regimes: continental, desert, and

maritime.[Ackermann, 1998; Welton et al., 2000]

The CPL processing scheme first locates the top and bottom of every

detectable layer at l-second resolution and assigns it to be a cloud, elevated

aerosol, or PBL. To calculate extinction and optical depth, an S-ratio must be



computed or assigned for each layer. For clouds and elevated aerosol layers

the preferred procedure is to calculate the S-ratio, provided the previously

stated conditions are met. If conditions are not met, then a value is assigned

from a look-up table. In the PBL an independent measure of the aerosol

optical depth (from AERONET, MPL, or AATS-14) permits an S-ratio to be

computed. Using an independently measured optical depth allows the lidar

inversion to be constrained to match that value and allows an estimate of Sp

to be calculated. If no independent estimate is available, then the CPL

processing algorithm defaults to a look-up table based on climatology.

The tropospheric and PBL S-ratio default values are primarily formulated

from a method developed by Ackermann [1988] that relates relative humidity

to S-ratio in three geographic regions: maritime, continental, and desert. As

stated previously, the CPL data alone does not permit a unqiue retrieval of S-

ratios for optical processing of PBL layers. However, other instruments, such

as AERONET sunphotometers, can provide optical depth measurements that

can be used to constrain the lidar inversion and thereby permit computation

of S-ratios from the lidar data. Enough overflights of AERONET sites will

allow compilation of an S-ratio assignment matrix that can be used rather

than defaulting to a generic look-up table. For an experiment like SAFARI

where AERONET sites were frequently overflown, reasonably accurate

optical depths will result.

PBL Optical Depth Measurements



A prime reason to use the ER-2 aircraft during SAFARI was to obtain

measurements in widely varying regions of southern Africa. Figure 1 shows

a composite of the PBL aerosol optical depth derived from the 1064 nm CPL

measurements. Figure 2 shows the corresponding composite picture for the

532 nm measurements. For these composite images the 1-second data were

averaged into 2 minute intervals. Data from 13 flights (August 22, 24, 25, 27,

29, 31 and September 1, 4, 6, 7, 11, 13, 14) are included in these images. Any

areas where no PBL was detected (due, e.g., to clouds above or low signal) are

not plotted.

From Figures 1 and 2 it is evident that different regions are generally

associated with differing levels of PBL aerosol optical depth. To aid in

understanding the various regions four sectors were defined, with each sector

being generally associated with distinct land characterstics [Le Canut, et al.,

1996] and different levels of industrialization and/or biomass burning. Sector

1, off the east coast and including the Lowveld region, is a non-industrial,

largely savanna region. Sector 2 includes the heavily industrialized Highveld

region. Sector 3 is also industrialized and includes Zambia, where extensive

biomass burning was occurring during the SAFARI campaign. Finally, sector

4 is characterized coastal, mostly non-industrialized, and some desert areas.

The four sectors, while only grossly defined, provide a means of

characterizing the aerosol properties of different regions. To quantify the

information contained in Figures 1 and 2, histograms of the PBL aerosol

optical depth were generated for both 532 and 1064 nm in each sector. The



histograms are displayed in Figures 3 and 4. The histograms of 532 nm

aerosol optical depth (Figure 3) show markedly different structure in each

sector. Not surprisingly, sector 4, off the Namibian coast, has the lowest

overall optical depth and also the smallest spread in distribution. Also not

unexpected is the distribution of sector 3, which displays a large spread in

derived optical depth as well as the highest peak value for the aerosol optical

depth.

The histograms of 1064 nm aerosol optical depth (Figure 4) also exhibit

different features in each sector. As with the 532 nm data, sector 3 again has

the largest spread in derived values resulting from the overall increased level

of pollution in that sector. Interestingly, sector 4 shows a greater relative

spread in values than does the 532 nm data, and reasons for this are not

completely certain. It can be speculated that sector 4 contains more airborne

dust and sea salt from nearby desert and maritime regions and therefore the

1064nm signal is affected more strongly than the 532 nm signal.

Aerosol Extinction Profile Measurements

In addition to the PBL aerosol optical depth it is useful to examine the CPL-

derived aerosol extinction profiles in each sector. An average aerosol

extinction profile was computed from the measurements in each sector, as

shown in Figure 5. In all cases, only profiles with no cloud contamination

were included in the averages. In sectors 2 and 3 the ground height was

generally - 1 km.



The aerosol extinction at 532 nm in sectors 1-3 is greater than at 1064 nm at

all altitudes because the aerosols are products of fresh biomass burning and

industrial pollution, which consists largely of small particles. In each profile

the peak value of extinction occurs within 1 km of the ground with an almost

monotonic and roughly linear decrease to zero above that level. The behavior

in sectors 1-3 may result from nearly point-source pollution being confined by

a low-level inversion where it dissipates horizontally as it becomes slowly

mixed into the larger-scale PBL. The flights generally took place in mid- to

late-morning, which is the time when nocturnal inversions break down and

the top of the PBL rises.

The aerosol extinction profiles in sector 4 exhibit distinctly different

characteristics with two peaks: a sharp peak at -400 m and a broad peak

centered at -4250 m. A nearly aerosol-free zone exists with a minimum at

about 1400 m (see Figure 7). In the lower region the extinction coefficients

for both 532 and 1064 nm are nearly the same, which is characteristic of the

relatively large aerosol particles that exist in marine boundary layers. In the

upper layer the 532 nm extinction is notably greater than at 1064 nm. The

elevated layer was transported from the continent out over the ocean and is

undoubtedly a mixture of smoke and dust. Presence of smoke in the elevated

layer is not unexpected since the heaviest biomass burning was occurring in

and to the north of Zambia (within sector 3). This agrees with Cahoon et al.

[1992], who clearly shows the predominance of burning during the August-

September period occurs, generally, north of 25 degrees south latitude.



Continuous time-height profiles of aerosol extinction can be derived from CPL

data. Figure 6 shows an example from August 24, 2000 off the east coast of

South Africa and over Inhaca Island. Note the elevated aerosol layer

propagating from the Highveld region out over the Indian Ocean, and the

distinct clear band between the elevated aerosol and the marine boundary

layer. We note that of the instruments involved in SAFARI, only the two

lidar instruments (CPL and MPL) have the capability to provide continuous

range-resolved profiles of aerosol backscatter and extinction.

The CPL data can also be used to calculate the S-ratio in regions where there

are elevated aerosol

Namibia. [Carlson and

retrievals

calculated.

layers, as frequently occurs off the coast of

Prospero, 1972] Under such conditions direct

of the S-ratio of elevated aerosol layers were occasionally

A good example is a prolonged interval of the September 14 flight

near the coast of Namibia. Figure 7 shows an image of the extinction

retrievals plus a plot of the calculated S-ratio in the elevated aerosol layer. A

fit to the S-ratios shows the values rising with time, starting near 40 sr and

increasing toward 60 sr. S-ratio values between 40-60 sr are in good

agreement with those tabulated by Ackerman [1998] and Voss et al. [2001]

for smoke particles. Data is only available for the 532 nm channel due to the

inherently weak 1064 backscatter in the clean air below the layer. In these

particular examples the 1064 nm return is too weak to calculate signal loss

through the layer.



Whenever the ER-2 aircraft overflew an AERONET sunphotometer site the

CPL analysis could calculate an S-ratio for the PBL layer. Tabulation of the

various AERONET sites across southern Africa allowed categorizations of the

CPL-derived aerosol S-ratio by general type, as shown in the Table 1. The

largest component of the aerosol loading was smoke particles, although dust

and other pollutants also contribute. Smoke particles are small and this

property is characterized by a large wavelength dependence on the S-ratio as

the smoke loading becomes dominant. The 532 nm channel is attenuated

much more quickly in smoke-filled PBLs compared to the 1064 nm channel.

Smoke has only'a small effect on the S-ratio at 1064 nm.

Comparisons with Other Instruments

At several times during the campaign the ER-2 was directed to overfly the

MPL sites to allow calibration and comparison of the ground-based and

airborne sensors. Figure 8 shows a comparison of extinction profiles derived

from the CPL and MPL on August 29, 2000 over Skukuza. The CPL profile is

a 30-second average while the MPL profile is a 30-minute average. In

calculating the extinction profiles the S-ratio for the CPL 532 nm channel

was calculated to be 46.5 sr while the MPL (operating at 523 nm) S-ratio

calculations ranged from 49 to 85 sr for the three profiles shown in Figure 8.

Both lidars used AERONET optical depth measurements [Holben, et al.,

1998] co-located near the MPL site to calculate the S-ratios. The PBL aerosol

optical depth was estimated to be 0.21.



Agreement between the two lidars is excellent at altitudes above -1 km. In

the lowest km there is some divergence in the measurements. Closer

examination showed that the divergence is due to sampling of different

volumes in a PBL that was far from homogeneous. Also contributing to

discrepancies at the lowest altitudes is the fact that the CPL profile is an

average along -6 km compared to the stationary MPL measurements. For

this reason, MPL profiles are shown from one hour prior to the overflight,

during the overflight, and one hour after the overflight. As can be seen,

considerable variability occurs in the lowest km. The degree of variability

should not be unexpected, as the measurements were made in the morning

hours when extensive biomass burning was occurring.

Figure 9 shows a single CPL-MPL comparison at the Mongu site on

September 1, 2000. For this example the S-ratio for the CPL was calculated

to be 55.7 sr and the MPL S-ratio was calculated to be 88.1 sr. The optical

depth was determined to be 0.70 during this intercomparison period. The

agreement in this comparison is not as good as at Skukuza, and there are

several reasons for the discrepancy.

sunset, so the AERONET optical

measurements made before sunset.

First, the overflight time was after

depth has to be extrapolated from

Second, the same caveat applies as in

Figure 8, that the CPL is a 30-second average along the ER-2 flight track

whereas the MPL is a 30-minute average at a stationary location. And third,

there is a slight wavelength difference between the CPL and MPL.



The primary point of interest between the Skukuza and Mongu comparisons,

however, is to illustrate the large difference in PBL extinction profiles

between the two sites. The extinction coefficients at the Mongu site are a

factor 2-4 greater than at the Skukuza site. Again, this should not be

surprising given the predominance of biomass burning at the lower-latitude

Mongu site compared to Skukuza at that time of year.[Cahoon et al., 1992]

Also, note that the degree of vertical variability is greater for the Skukuza

case than for Mongu. CPL measurements repeatedly revealed complex PBL

vertical structure over Skukuza and the Lowveld region, whereas PBL

structure in more northerly regions was more vertically homogeneous.

The Ames Airborne Tracking 14-channel Sunphotomer (AATS-14) onboard

the University of Washington CV-580 aircraft was also used extensively to

validate CPL and MPL measurements. The AATS-14 measures atmospheric

transmission (and hence optical depth and extinction) in bands from 354 nm

out to 1558 nm.[Schmid, et al., 2000] The channels of interest to CPL are

those at 525 nm and 1020 nm, close to the CPL wavelengths. In all cases

there was good agreement between CPL and the AATS-14, although in many

cases comparisons in the lowest km suffered from variability due to

inhomogeneity and different sampling volumes. Comparisons of CPL and

AATS-14 are treated extensively in a companion paper by Schmid et al. [this

issue]. One of the CPL-AATS comparisons (Figure 9 in Schmid et al.) is

taken over Inhaca Island on August 24, corresponding to time 8:10 UTC in

Figure 6.



Conclusion

The SAFARI field campaign during August-September 2000 provided a

unique opportunity to study the climatology of southern Africa. Remote

sensing instruments onboard the NASA ER-2 high-altitude aircraft permitted

measurements in widely varying regions with multiple sensors. The CPL

was a new and unique instrument for the SAFARI campaign and provided

high resolution profiles of cloud and aerosol structure. In particular, the CPL

provided information on PBL optical properties and variability. As shown,

the CPL can be used for wide-scale mapping of aerosol loading and these

measurements will prove useful in aerosol transport studies. Among the

instruments participating in SAFARI, the CPL was the only airborne

instrument capable of providing continuous, range-resolved profiles of aerosol

extinction. In addition, the CPL data reveal detailed vertical structure that

was not available from other instruments.

Segregating the CPL measurements into sectors based on geography and

degree of industrialization allows examination of aerosol properties by region.

The PBL aerosol optical depth and the aerosol extinction profiles show the

heaviest aerosol loading over the northern region (sector 3). Although the

sectors used here were only grossly defined it is still possible to see different

features in the different regions. Future work will focus on refining the

sector definitions based on better knowledge of geographical and local

emission considerations.
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Table 1- CPL PBL S-ratio tendencies as a function of aerosol loading.
Aerosol

Category

Continental,
with light
aerosol
Continental,
with
moderate
aerosol
Continental,
with heavy
aerosol

Average S-
ratio

532 nm

42.5 sr

53.0 sr

72.2 sr

Standard

Deviation

(532 nm)

7.6

4.9

2.0

Average S-
ratio

1064 nm

31.9 sr

33.7 sr

35.4 sr

Standard

Deviation

(1064 nm)

4.7

2.7

6.0

Number of

Observations

8



Figure Captions

Figure 1: Composite map of CPL-derived 1064 nm PBL aerosol optical depth.

Aerosol optical depth magnitude is denoted by the color scale. Four sectors

have been defined based on differing geographical and industrial

characteristics (see text).

Figure 2: Same as Figure 1, but for 532 nm PBL aerosol optical depth. Note

that the color scales differ between Figures 1 and 2.

Figure 3: Histograms of 532 nm PBL aerosol optical depth by sector as a

percentage of total observations. Sector numbers correspond to those defined

in Figures 1 and 2. Optical depth measurements are binned in 0.01

increments.

Figure 4: Same as Figure 3, except for 1064 nm PBL aerosol optical depth.

Figure 5: Average profiles of aerosol extinction by sector. Sector numbers

correspond to those defined in Figures 1 and 2. In each panel the black line

is 1064 nm extinction and the gray line is 532 nm extinction.

with no cloud contamination are included in the averages.

elevation in sectors 2 and 3 was generally -1 km.

Only profiles

The ground



Figure 6: CPL data segment from August 24, 2000 showing elevated aerosol

layer above west coast over Inhaca Island. (a) 1064 nm attenuated

backscatter profiles; (b) 1064 nm extinction profiles; (c) 532 nm attenuated

backscatter profiles; and (d) 532 nm extinction profiles.

Figure 7: Two-hour data segment from September 14, 2000 showing elevated

aerosol layer off the west coast of Namibia. (a) 1064 nm attenuated

backscatter profiles; (b) 532 nm attenuated backscatter profiles; (c) 532 nm

extinction profiles; and (d) S-ratio of elevated aerosol layer derived from 532

nm data.

Figure 8: Comparison of extinction profiles from CPL and MPL on August

29, 2000 at Skukuza. CPL profile is a 30-second average. MPL profiles are

30-minute averages centered at the times listed. Differences in the lowest

km are due to aerosol inhomogeneity during the measurements.

Figure 9: Comparison of extinction profiles from CPL and MPL on

September 1, 2000 at Mongu, Zambia. Note difference in magnitude and

vertical structure compared to Figure 8.
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Figure 1: Composite map of CPL-derived 1064 nm PBL aerosol optical depth.
Aerosol optical depth magnitude is denoted by the color scale. Four sectors
have been defined based on differing geographical and industrial

characteristics (see text).
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Figure 2: Same as Figure 1, but for 532 nm PBL aerosol optical depth. Note
that the color scales differ between Figures 1 and 2.





Sector 1
, , ,

5

Q 3

m 2

................ ¢ ................. : ................ _ ................. : ............... ,

0
0.0 0.2 0.4 0,6 0.8 1.0

Optical Depth

Sector 3
i i i i

@ 3 ..................................................................................

2

Sector 2

i _ ...............i.................i.................i.................i...............

° .

4 ..............._.................i................._.................i..............."

_ 3

_ 2

L.,

0
0.0 0.2 0.4 0.6 0.8 1.0

Optical Depth

Sector 4

5
o

i
i'
O 3

0 0
0.0 0.2 0.4 0.6 0,8 1.9 0.0 0.2 0.4 0.6 0.8 1.0

Optical Depth Optical Depth

Figure 3: Histograms of 532 nm PBL aerosol optical depth by sector as a

percentage of total observations. Sector numbers correspond to those defined

in Figures 1 and 2. Optical depth measurements are binned in 0.01
increments.
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Figure 6: CPL data segment from August 24, 2000 showing elevated aerosol
layer above west coast over Inhaca Island. (a) 1064 nm attenuated
backscatter profiles; (b) 1064 nm extinction profiles; (c) 532 nm attenuated
backscatter profiles; and (d) 532 nm extinction profiles.
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Figure 7: Two-hour data segment from September 14, 2000 showing elevated
aerosol layer off the west coast of Namibia. (a) 1064 nm attenuated

backscatter profiles; (b) 532 nm attenuated backscatter profiles; (c) 532 nm

extinction profiles; and (d) S-ratio of elevated aerosol layer derived from 532
nm data.
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Figure 8: Comparison of extinction profiles from CPL and MPL on August

29, 2000 at Skukuza. CPL profile is a 30-second average. MPL profiles are

30-minute averages centered at the times listed. Differences in the lowest
km are due to aerosol inhomogeneity during the measurements.
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September 1, 2000 at Mongu, Zambia. Note difference in magnitude and
vertical structure compared to Figure 8.




