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Abstract. A permanent UV Raman lidar station, designed 1 Introduction
to perform continuous measurements of aerosols and wa-
ter vapor and aiming to study and monitor the atmosphere

from weather to climatic time scales, became operational ina ,40nia is under continuous and constant changes in land

the central Amazon in July 2011. The automated data aC'use, with important climatic implicationSD@Vidson and

quisition and internet monitoring enabled extended ho“rsArtaxo, 2004. Aerosol concentrations vary from pristine
of daily measurements when compared to a manually Op¢qngitions at very low concentrations to heavy loaded con-

erated instrument. This paper gives a technical descriptioraitions, similar to polluted urban areas, following the sea-
of the system, presents its experimental characterization angd, cycle of deforestation and biomass burniAgtaxo

the algorithms used for obtaining the aerosol optical prop-g¢ 51 2013. These large biomass burning emissions over-
erties and identifying the cloud layers. Data from one Week|ap with continuous urban emissions in regions near large

of measurements during the dry season of 2011 were aNdnetropolitan areas, such as downwind from Manddshp

lyzed as a mean to assess the overall system capability angt 5| 2010 These high concentrations of aerosols and trace
performance. Both Klett and Raman inversions were suc-

) : X gases play an important role in the atmospheric composition,
cessfully applied. A comparison of the aerosol optical depthconvection, cloud formation and the precipitation regimes

from the lidar and from a co-located Aerosol Robotip Net- (Andreae et a).2004 Koren et al, 2012, having been even
wo_rk (AERONET) sun phqtqmetgr sh_owed a correlation CO-jinked to a delay on the wet season onsBévan et al.
efficient of 0.86. By combining nighttime measurements of 540q gyt et al, 2013). To fully understand the climatic im-
the aerosol lidar ratio (50-65sr), back-trajectory calcula-yjications of the anthropogenic changes in aerosol concen-
tions and fire spots observed from satellites, we showed thatIrations over pristine Amazonia, the vertical distribution of

observed particles originated from biomass burning. Cirrusya 4erosol optical properties need to be known, with long

clouds were observed in 60 % of our measurements. MoSfo;, measurements coupled with ground based and satel-
of the time they were distributed into three layers between;i remote sensing. This is critically important to help un-

11.5 and 13.4kma.g.l. The systematic and long-term meaye sianding the interaction of aerosol particles with clouds
surements being made by this new scientific facility have the,, tropical regions Ereud et al. 2008 Feingold 2003.

potential to significantly improve our understanding of the cjq,ds and aerosols strongly affect the radiation balance
climatic implications of the anthropogenic changes in aerOSOI(Forster et al.2007) and it was shown that in Amazonia the

concentrations over the pristine Amazonia. cloud cover and aerosol loading has important impacts in the
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radiation balance as well as in carbon uptake by the vegetainteractions, (EUCAARI, Kulmala et al, 2011), and the
tion (Oliveira et al, 2007 Cirino et al, 2013. Amazonian Aerosol Characterization Experiment (AMAZE-
Measurements of the vertical profile of aerosols in the08, Martin et al, 2010. From 10 months of observations in
Amazon region started in the dry season of 1985 during the2008,Baars(2011) analyzed 60 wet and 55 dry season days
Amazon Boundary Layer Experiment (ABLE2) campaign where meteorological and instrumental conditions were op-
(Harriss et al.1988 when an airborne differential absorption timal. In a more detailed studiBaars et al(2011]) identified
lidar (DIAL) was used Andreae et al(1988 found smoke both the transport of Saharan dust and/or biomass burning
and haze layers up to 5km, frequently distributed in multi- from Africa in 32% of their wet season observations, thus
ple layers. The first campaign to use a standard aerosol lieonfirming previous findings of sporadic intrusions of Sa-
dar was the Smoke, Clouds and Radiation—Brazil (SCAR-haran dust Talbot et al, 1990 Formenti et al. 2001) and
B) campaign Kaufman et al. 1998. The downward look-  African fires Kaufman et al.2005. The authors were able
ing lidar onboard the aircraft revealed the spatial structureto quantify the contribution and compute the aerosol optical
of plumes with and without cloud activity. Using airborne depth (AOD) for smoke and biomass burning aerosols sep-
measurements during the same campargid et al.(1998 arately, showing that at least for half of these cases African
reported a second temperature inversion between 2 and 4 knbjomass burning dominated the total AOD. The long-range
corresponding to the top of the convective layer, trapping thetransport occurred below 3.5 km, while in clean conditions
aerosol layer below it. These results revealed a very comthe biogenic aerosols were found to be trapped below 2 km.
plex aerosol vertical structure, with implications in the verti- Baars et al.(2012 showed that column AOD, the maxi-
cal temperature profile. mum extinction and backscatter coefficients during the dry
Some intensive campaigns relied only on airborne in situseason were about three times higher than during the wet
instrumentation for assessing the vertical distribution. Forseason of 2008. Moreover, an analysis of biomass burning
instance, during the dry season of 1992, the Transport anglumes heights indicated that the convective mixing by pyro
Atmospheric Chemistry Experiment-Réreira et a).1996 or deep cumulus was determinant for the vertical distribution
TRACE-A) campaign performed six flights for measuring of aerosols, indicating the important role of aerosol-cloud in-
the vertical distribution of biomass burning aerosol. The teractions in tropical region®8pucher et a].2013.
maximum particle mass concentration of about 15 000&m As can be noted from the previous discussion, the vertical
was found near the temperature inversions around 2.5 kmdistribution of the aerosol optical properties in the Amazon is
The Cooperative Large Scale Biosphere—Atmosphere (LBAXnown only during limited time periods, therefore not allow-
Regional Experiment (CLAIRE-98) was the first large cam- ing for a climatological perspective as well as a clear picture
paign during the wet season and measurements were takef the strong seasonality characteristic of tropical regions. To
with a Brazilian Bandeirante plane over the northern Ama-overcome this lack of knowledge, a permanent UV Raman
zon (Formenti et al. 2001). Two days with strong impact lidar station was implemented in the central Amazon in mid-
of Saharan dust aerosols were identified in a layer extend2011 aiming to study and monitor the vertical distribution of
ing from the ground to 3.5 km. Some measurements showederosols and water vapor, and also to study the aerosol-clouds
an unexpected increase of trace gas concentrations aboweteractions. This paper reports on this new instrument, its
10km. Employing back trajectories calculatiodreae  first measurements of clouds and aerosols taken during a
et al. (200) concluded that it originated from savanna fires week of intensive operational period in September 2011. The
further downwind that were vertically transported by deepwater vapor measurement methods and results will be pre-
convection and brought equatorward by the upper level circusented in an upcoming publication. Sect®gives the sys-
lation. Analysis of aerosol size distributions indicated a pos-tem description and discusses its characterization and analy-
sible formation of new particles near the detrainment zonesis algorithm is presented in Se8t.Section4 presents the
of deep convectionKrejci et al, 2003. Latter, the LBA first results. Finally, in Sect conclusions and future work
— Smoke, Aerosols, Clouds, Rainfall and Climate (LBA- are discussed.
SMOCC) campaign found aerosol scattering increasing with
altitude by a factor of 2 to 10, whichand et al (2006
attributed to the aging of biomass burning particles. From2 Instrument description and performance
the same experimenGuyon et al.(2005 showed that as
aerosols are transported above the mixing layer the particl@he site is located up-wind from the city of Manaus-AM,
number concentration was reduced by only 20 % while theBrazil, inside the campus of Embrapa Amazonia Ocidental
particle size increased. The authors concluded that the transt 2.89 S 59.97 W and 100 m altitude. This new experimen-
port by non-precipitating shallow clouds was the most im- tal site was implemented in 2011 and planned to run contin-
portant. uously during the next years applying a synergy of differ-
The first relatively long-term ground-based lidar observa-ent instruments to help understanding the interactions and
tions in the central Amazon took place during the Europeanfeedback mechanisms between humidity, convection, clouds
Integrated Project on Aerosol, Cloud, Climate, Air Quality and aerosols. It was initially implemented by the FAPESP
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(Fundacao de Amparo a Pesquisa do Estado de S&o Paulc™ oottt it P T T
project — Direct and indirect effects of aerosols on climate ] Delay(bins)=0 R?-0.88315 o daa
in Amazonia and PantanaA(taxo et al, 2013, but also re- ;
ceived contribution from FAPESP project — Cloud processes
of the main precipitation systems in Brazil: a contribution
to cloud resolving modeling and to the GPM = Global Pre-
cipitation Measurement MissioMachado et aJ.2014), the
project Amazonian Dense GNSS = Global Navigation Satel-
lite System Meteorological NetworkA@ams et al. 201
and the Max Planck Institute in Hamburg. Instruments avail-
able are UV Raman lidar, ceilometer, sunphotometer, multi-
filter radiometer, nephelometer, aethalometer, weather sta:
tion, disdrometer, vertical pointing rain radar and water vapor
column using GNSS. This paper focuses mostly on the char- .
acterization and first results obtained with the Raman lidar, ovs  ooa obs  oos o1 o2 oda oie  ods oo
further described below. Data from collocated and nearby BG Corrected AN [mV]
operational soundings are also used. For the validation of
the optical properties derived from the lidar measurements,
aerosol optical depth from the collocated Aerosol Robotic
Network (AERONET) stationHolben et al. 1998 is used. ]
The lidar system LR-102-U-400/HP was manufactured z , ]
by Raymetrics Advanced Lidar Systems, in Greece. It uses *
a Quantel CFR-400 Nd-YAG laser at 355 nm with 95 mJ per
pulse and 10 Hz repetition rate. The beam is expanded by
a factor of 4 and final laser divergence is 0.36 mrad. The op-
tical system is bi-axial with a 300 mm separation between
the Cassegrain telescope and the laser axis, which is tilted by £ oee ] N
0.28 mrad towards the first. The primary mirror of the tele- = 3 N ( C
scope has 400 mm diameter, while the secondary has 90 mm o] N R A S P L
Focal length is 4000 mm resulting in a f/10 system. The di- ] ' / A “t
ameter of the iris used at the focal plane can be changed °& T
allowing the telescope field of view to be adjusted between R ° Dela;/?bins) o220
0.25 and 3mrad. The incoming light passing through the
iris goes into the detection box. There, a pair of convergentrigure 1. Sample fitting between the PC and channel in the linear
lenses collimates the light into a beam with 8 mm diameter.region (top) and lag-correlation as a function of the lag for all pro-
Three dichroic beam splitters separate the elastic back scatiles in one-hour of measurements (bottom) are shown.
tered signal and the inelastic signals due to the Raman cross-
section of N (387 nm) and HO (408 nm). Interference fil- . L
ters with 1 nm FWHM before each photomultiplier tube re- dead time correction is necessary for values below 15 MHz.

duce the background noise. For the elastic channel, a neutr:;{—lhe simultaneous measurement in analog and photon count

density filter is used to attenuate the signal and avoid saturalr-nOdes allows extending the dynamical range of the instru-

tion. Light signals are measured with Hamamatsu R9880U-rln5e£t’ mgrljmg .'t p|OSSI:)|e to measure frorb00 m to above

110 photomultiplier tubes (PMT). Dm V\f[It t"; sing elte efcodpeft | ter bandwidth and
Data acquisition is based on the Licel transient recorder . ue 1o Ine analog to digital converter bandw an

model TR-20-160 manufactured by Lidar Computing and pipelining, a time delay between the AN and PC is expected.

Electronics (Licel) GmbH. This integrated optical detection For measdurlp?lg this delay, (.30 %roﬂles W"At\kl 603 ;réogts each
system combines analog (AN) and single photon countingWere used. Alinearregression etween_ an atawere
erformed over the linear response region. The left panel of

(PC) measurements. The 12-bit analog to digital convertef . . .
(ADC) processes data from the 355 and 387 nm signals aF'g' 1shows one of such regressions, for a smgl_e profile and
20 MHz, yielding a raw resolution of 7.5m. The ADC scale no d(_el"_:ly' The right p_ar_1e| shows, for_aII 60 profl!es, e
can be set to 20, 100 or 500 mV, corresponding to a res Coefficient from the fitting as a function of the time delay,
olution of 0.005 ’0 024 and 0 12’2 mV. These ADC have fom —10 up to 30 bins. The result indicates a time lag be-
a linear response for signals above 5 times the resolutioﬁvl\ﬁflil‘ 9hand 1|0 bins, i.e., ':)fdabeUtfd4[)7'5 5S'| For03émpI|C|ty,
and below 50 % of the scale. Photon counting is performeoa channels are corrected for a in delay (0.5 us).

at 250 MHz for the 355, 387, and 408 nm signals and no

BG Corrected PC [Mhz]

o

©Q

N
|

m linear fit of PC
o
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For extending the linear response of the PC channels 5510w vty v e vy vt oy
above 15 MHz, the measured photon count readings are cor 1I== J:(T) - - - .
rected for pulse pileup effects. For non-paralyzable systems 284 © —4002nsJ . =14557 S I e
(Whiteman et al.1992 Knoll, 2010 the correction is ] o o .

Cz.1.1) =Nz D/(A~N@E.1)7), (1) o]
where N(z,t) and C(z,t,7) are the uncorrected and cor- = 5,1 X . [
rected photon count rates at timand range;, respectively, - ]

andr is the dead time. The dead time is estimated &eiw- 204
som et al(2009 by varyingt during successive gluing pro- ]

cedures\\Vhiteman et al.2006. In this procedure, because 1
AN and corrected PC are linear, the true count rate is approx- , . 3
imated byC = a AN + b, wherea(z) andb(z) are the gluing ] : : : : : _
coefficients, and is chosen to minimize the residual: L[ A UM SN oSOV FOPUN Se—
1 2 3 4 5 8 7
n A 2 90....|....|.1(.n?).|....|....
J(t,7) = EZ<C(Z“LT) C(Z“t)> : () 1 ST =otins j j
70 o -

whereo; is the standard deviation @, calculated as the |
square root ofC andn is the number of points used in the R SRR L
linear fit for the determination af. Figure2 shows an exam- T ' '
ple J (¢, T) obtained from a single profile farbetween 1 and ]
7ns. This was repeated for 580 one-min averaged nighttime 3 ; T -
profiles for the elastic and nitrogen Raman channglg.fol- 1 : :

lowed a gaussian distribution, withym1 = 4.14+0.11ns
andrpmi2 = 3.98+0.10 ns, respectively, both in close agree-
ment with manufacturer specification of 4 ns. Therefore, the
default value is assumed to be correct for the photon count
for the water vapor channel. FiguBeshows a 20 min aver- L
age PC example signal before and after the dead time cor- 36 38 40 42 4.4 48
rection. The dashed lines are the percentage difference to thi Dead-Time (ns)

glued signal, assumed to be the true count rate. The differ-

ence is negligible below 50 MHz. However, it reaches 5 % atFigure 2. Residual,/ (7, 7), as a function of the dead time, for
only 125 MHz, showing that it is indeed necessary to com-@ sample 1min profile for the elastic channel is shown on top.

bine the AN and PC data to increase the dynamical range of "¢ PoInt of minimum indicated in the legend is found by fitting
. a parabola. The lower panel shows the histogram of the dead times
the detection system.

. ; . .__for the same channel obtained from 580 independent 1 min profiles.
Electronic noise was evaluated by acquiring data duringrp,e average and standard deviation are indicated.

nighttime with the telescope covered. The first and second
AN channels showed a constant background noise of about

1.583+0.018 mV and 2.012 0.020 mV, respectively, over a 10 mm shutter is positioned just above the iris and kept
the range of interest«(30 km) for profiles with 100 shoots. in its light-blocking position by a coil mechanism. Interlocks
For these same profiles, the photon count channels showegte connected to the power supply and to a light sensor inside
less than 1 random count per profile within the same rangea small telescope with a 1Gield of view. The instrument

In general, good signal to noise rati$y(V > 5) can be found itself is mounted within a special environmental cabinet, in-
above 15 km depending on the atmospheric conditions. The|uding air conditioning and a dehumidifier, due to the harsh

N2 channel, 1 min average signals have gdtaVv up to environment of Amazonia.
15 km but only during nighttime. For theJ® channel, 1 min

average signals have goS@dN only up to 6 km during night-
time.

The system is fully automated and includes a clock-
controlled external shutter to cover the telescope field of
view from direct sunlight exposure between 11:00a.m. and
02:00p.m. local time (UTG-4). As a backup system,

ounts
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4500 ‘ - ‘ ‘ 80 with the operational ones. Both sites used Vaisala RS92-SGP
\ —— Glued (Vitual True) Signal | | radiosondes. Figurd shows collocated minus operational

~1
=]

Dead-time Corrected Signal

e \ Deacktime Unconected Sign profiles. The legend indicates the time difference in minutes
3500 ; }::::::23::; peaciime Lonected between the two launches. Pressures and temperatures at the
\ ‘‘‘‘‘‘‘ lidar site are lower than those at the airport by about 5hPa
and 1°C on average. For our purposes, however, the impor-
tant result is that the air density, and hence the molecules
number concentration, differ by less than 1 %.
The molecular backscatter coefficient is calculated from
the molecular scattering and phase function considering the
depolarization factory,, as

i
)
S

3000

A
i
o

&)
=
o

Percentual Diference (%)

’’’’’

-
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(o
-

Height (m)
)
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S

2000 2
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1500 e
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o
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ME w2 e = e D per = 0

Count Rate (MHz) 4]'[
Figure 3. Corrected (thin red) and uncorrected (thin black) count where p,, for 355nm and 387 nm is 0.0306 and 0.0299,
rates (MHz) from a sample 20 min profile from the elastic channelrespectively, which result in molecular lidar ratios of
are shown. The difference (%) between these and the true count rate.0153x 87 /3 sr and 1.015& 87 /3 sr. The expected elas-
(glued, thin blue) is given by the red and black dot-dashed linesitic return signal from a pure molecular atmosphere can then

(4)

respectively. be calculated as
3 Analysis algorithm 1 :

Pm(ro,2) = —2,3m()x0, Z) eXp —Z/Qm(AO» Z)dZ’ (%)
3.1 Molecular reference < 0

Rayleigh scattering by atmospheric molecules needs to b#hich needs to be scaled by a consténto) determined
accurately estimated before the inversion of lidar signalsPy comparison with the background (BG) corrected elastic
The parameters characterizing this type of scattering are wefignal, P (1o, z) — BG. Both K (o) and BG can be found by
documented in the literature (e.ddcCartney 1976. The  means of a simple linear regression,

total cross section for Rayleigh scattering in a standard at-

mosphere (13C and 1013.25 hPaar,,.Sntd, is calculated as in P(o,2) = K(20) - Pm(%0,2) +BG, ©)
Bucholtz (1999, i.e., without the approximation for the re- For the linear relation to hold, no aerosols can be present in
fractive index. This is, in turn, computed from the equationsthe region selected for the regression. Therefore, only data
provided byPeck and Reedgl972). The King correction  above 8 km is used, as previous campaigns in the Amazon
factor for the depolarization of air molecules is computed have shown that the aerosol concentration above this height
separately for each constituent using the results fBates  is negligible Baars2011). This, however, is verified in an in-

(1984 and combined into a dry air factor followigpdhaine  teractive approach by calculating the distance between each
etal.(1999. The standard air C£concentration is scaled to  point and the fitted curve,

a constant value of 375ppmv. The molecular scattering is

hence computed as 5(z) = P(X0,2) —[K(A0) - Pm(Ro,2) + BG], )
2
Xred
P(z)/T re
am(r, z) = NS% (1, 375 ppmv CQ)%, (3)
PSS/ T where the reduced chi-squaqu%d, is used as a measure of

the local noise level. Those points whénrg) > 3 or where
the signal to noise ratio i$/N < 15 are removed. Both steps
are repeated until no more points are excluded.

where the molecular density in a standard atmospheté,
is 2.5469x 10?°m~3 ando 39 for 355 and 387 nm is 2.7589
and 1.921% 10-3°m?, respectively.

Radiosondes launched at 00:00 and 12:00 UTC from Pontg 2  Aerosol inversions
Pelada airport at 3.246 59.98 W, approximately 28.5km
south of the experimental lidar site, were used to provideDuring the day, the well-known Klett—Fernalglétt, 1985
pressure and temperature profiles. Over a dense tropicaternald 1984 method is used to solve the equation for the
rain forest one would expect the thermodynamic profile toelastic lidar return signal,
be horizontally homogeneous. The proximity of radiosonde
site to Manaus city and the Amazon river requires, how- P (*0,2) =
ever, the verification of this hypothesis. Between 30 Au- 00) Z
gust and 5 September 2011, ten collocated soundings were K(AO)—,B(AO z) exp —Z/a(ko, Hd7 Y, (8)
launched during nighttime from the lidar site and compared o
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Figure 4. Pressure (hPa, left), temperatut€( center) and relative air density (%, right) differences between the Embrapa’s and operational’s
radiosondes are shown. Dates in the legend correspond to the launching time at the lidar site.

whereK (o) includes all height-independent ternt¥(z) is During the night, the inversion method developedins-
the overlap functiong = Bp+pm is the total elastic backscat- mann et al(1993 is used to solve the equation for the nitro-
ter coefficients and = ap + om is the total extinction co- gen Raman return signal,

efficient. Assuming a height independent particle lidar ra-

tio (Lp = ap/Pp) and having chosen a reference height,  pg,z) = K(AR)&;),B()»RJ»O,Z)

where the particle contribution is negligible, i.8m(zo) > Z

Bp(z0), the solution can be conveniently written as: p

expt — [ [a(ro,2) +a(rr,2)|d ¢, 11
Bo(2) = ST & 20) P O/[ (t.2) o, 20 ] e -
. -1
S(zo) _2Lp/S(Z/)T(Z/,ZO)dZ/ — Bm(2), (9) where the inelastic paclfscat_ter coefficieBthir, Ao, 2) =
Bm(zo) N(z)do (AR, Ao, w)/dQ is given in terms of the number den-
< sity of nitrogen moleculesNg, and the differential cross
section for the Raman inelastic scatteringrgdQ2. Assum-
¢ ing a wavelength dependence off for both particles and
T(z,z0) =€xp| —=2(Lp— Lm) / Bm(Hdr" |, (10)  molecules, the solution for the extinction coefficient is given

0 by

whereS(z) = P(z)z? is the range corrected signal ahgh is

the molecular lidar ratio. The accuracy of this solution de- g Ne()0
pends strongly on the molecular character of the reference g {In [%“ — om0, 2) [14 (Ao/AR) ™]
value S(zp). This, however, is subject to noise fluctuations 1+ (ro/AR)P

as the number of detected photaP&g) has a Poisson dis-
tribution with A = /P (z0). In some algorithms discussed in where the overlap function was explicitly kel is the

the literature Eernald 1984, a small but non-zero value of range corrected Raman signal akgd and km are the
Bp(zo) is chosen to compensate the fact tRéto) # Pm(zo) Angstrom coefficients for particles and molecules, respec-
at the starting point of the integration. There are also al-tively. Having chosen a reference heightvhere the particle
gorithms where the reference height is chosen to minimizecontribution is negligible, the backscatter coefficient is given
| P(z) — Pm(z)|. Here the signal is assumed to be intrinsically by

noisy and an alternative approach is takem (f) has indeed

a Poisson distribution aroun®y(z), the reference heightis  Bp(*0,2) = —Bm(%0,2)

considered to be in the middle of the molecular region and S()/Sr(z) Nr()

$(20) = Sm(zo) is set. A0, 20) g ) Smr(z0) Nr(z0)

ap(ro,2) =

. (12
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Figure 5. Mean overlap function from 90 (45) cloud and fog free &
nighttime one-hour profiles measured with a narrow (wide) field 15 L
stop is shown in blue on the left (right) panel. Mean contribution to [
the extinction coefficient, as computed from Ef4)( is shown in | ‘3
red. The gray lines correspond to the individual profiles. The wide -
field stop is used since 1 August 2012. ] [
Z
, , , 0 —+rrrrrr T
x expq [ [e(ro.2) —a(rr,2)]dZ ¢, (13) o 1 z 3 4 5
20 Backscatter coeff. [Mm'1 sr'l]

where S(zg) and Sr(zo) were replaced by the calibrated Figure 6. Backscatter coefficient obtained with the Klett algorithm
molecular valuesSi(zo) and Sm r(zo) after the same argu- Without overlap correction (green) and with the average overlap
ments used for the Klett inversion. This solution is more sta-(blaCk) are shown. The backscatter coefficient obtained for each of

ble than the one shown bynsmann et al(1992 as it does the 90 overlaps measured wiFh anarrow field stop (gray), their av-
. . erage (red) and standard deviation (blue) are also shown. Data from
not depend at all on the noise fluctuationgat

1 September 06:30 p.m. to 2 September 05:00 a.m. was used. The

. extinction scale on top was scaled with =55 sr.
3.3 Error Evaluation P B

The retrieval of aerosol properties from lidar signals is sub-
ject to both statistical and systematic errdviafthias et al.
2002. sStatistical errors either come from the sky back-
ground and dark current, i.e related to the to signal detectio Lussed in Sect)
(Theopold and Bosenberd989, or are introduced when ) .
processing the signal, e.g., time averaging during variable . Al t'he data from ?JUIy 2011 to November 2012 were di-
atmospheric conditionsAfismann et a).1992 Boosenberg w_ded_mto one-hou_r intervals and pre-processed to select the
1998. These errors can be evaluated by analyzing the stanr-"ghtt'me hOUFS with no clouds or fog. AbO.Ut 90 one-hour
dard deviation of the measured lidar signal. On the Otheraveraged profiles were selected for the period before 1 Au-
) ust 2012, and 40 for the period after that. The distinction

hand, the systematic errors are difficult to account for as the"geing the change of the field stop size from 4 mm (narrow) to

sources and effects on the signal can be quite different. TQ] mm (wide), respectively, which increased the field of view
name a few, these can come from the estimate: of tempera- resp Y:

' ) of the telescope and hence lowered the maximum overlap.
ture, pressure and ozone profilégémann et a).1992); of . . . .
L . Figure5 shows in gray the results obtained from the applica-
the Angstrom coefficientAnsmann et a).1992 Whiteman . : .

. . : tion of the algorithm to each selected one-hour intervals and
1999; of the multiple scattering effectAgsmann et al. in blue the mean value. With the wide (narrow) field sto
1992 Wandinger 1998 Whiteman 1999; of the unknown he overlap is com Iete.at about 1.8km (3 km). Ex andinp
factor of incomplete overlap between the transmitted Iase|I : PIS P X ' > KM). =XP 9

) . i the first term in Eg.12), one find the contribution from the
beam and the telescope field of viewdndinger and Ans- . o . )
] . ) . ) overlap function to the extinction coefficient as obtained by

man 2002); of the reference altitude; and of the particle lidar ; . . i

. L . the Raman inversiorMatthias et al.2002 Baars 2011J):
ratio for the elastic inversion.

For a bi-axial lidar system with a narrow field of view, such
as the system described in this paper, the largest source of
systematic error in the short range is the overlap function. To

obtain this overlap function, we used the iterative approach
proposed byVandinger and Ansmaf2002 with a constant
rparticle lidar ratio of 55 sr for the Klett algorithm (to be dis-
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Figure 8. Backscatter coefficient obtained with the Klett algo-

Figure 7. Estimation of the error in the extinction coefficient from ithm with reference heightg varying from 6 to 7 km in steps of
the uncertainty in the overlap function are shown in thick lines. Forgg (gray) and the default inversion witly = 6.5km (red) are

reference, the mean overlap functions and the 95 % confidence levelhown, The standard deviation (blue) is multiplied by 100. Data
are to the right. Red (blue) colors are used for the wide (narrow) thegrom 1 September 06:30 p.m. to 2 September 05:00 a.m. was used.
field stops. The extinction scale on top was scaled with= 55 sr.

and 6. This analysis is shown in Figé. (for Klett) and 7
d—dz [InO(2)] (for Raman). For the Klett backscatter, this uncertainty is less

Aap(ro,2) = 1+ o/ AR (14) " than0.25 Mm srLabove 1 km and 1 Mm* sr1 at 500 m.

For the Raman extinction, at 500 m, the uncertainty for a

The contribution to the extinction from each individual wide (narrow) field stop is about 140 Mrh (480 Mm1).

one-hour period is shown also in Figin gray and the mean The Monte Carlo approach was also used to access the
value in red. For the cases with a wide (narrow) field stop,uncertainty from the choice of the reference height,The
the overlap correction is very important for altitudes below same average nighttime profile for 1 September was used and
1km (1.5km). It should be noted that, because B4) {n- both the Klett and Raman inversions were performed w4th
volves the derivative 0D (z) it stops giving an important varying from 6 to 7 km in steps of 50 m. Figu8shows the
contribution much before the altitude wheéyz) = 1. To result for the Klett backscattering coefficient, where the in-
calculate the influence of the overlap function on the Elas-version with the differentg (gray) are all under the curve
tic retrieval (Eq.9), a Monte Carlo approach is more appro- for zo =6.5km (red) as they are very similar. The stan-
priate Matthias et al.2002. The average nighttime profile dard deviation shown in blue was multiplied by 100 and
for 1 September was inverted without overlap correction ands largest closer to the reference height where it reaches
with each overlap correction estimated with the Raman ap0.6x10-2Mm~1sr-1. This is very small compared to the
proach for the narrow field of view (see Fi#g). For the Klett  typical particle backscatter because the algorithms normal-
inversion, it is important to account for the overlap below izes the lidar signal to the molecular value at the reference
2.5km. Another important point to consider regarding the altitude. A similar negligible uncertainty was found for the
overlap correction is the uncertainty in the values estimatedRaman inversion (not shown).
with an average overlap. This uncertainty can be estimated The elastic inversion depends strongly on the choice of the
from the standard deviation of the gray lines shown in Figs. patrticle lidar ratio, and it is therefore important to quantify

Atmos. Meas. Tech., 7, 1745762 2014 www.atmos-meas-tech.net/7/1745/2014/
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lidar return signal in a pure molecular atmosphere decreases
monotonically with increasing range and that an abrupt sig-
] - nal increment is found only when going trough a cloud layer.

Klett w/70-40sr F Therefore, the algorithm searches for a maximum in the sig-
T ee s o nal and the corresponding previous minimum to determine

ifference 40 - 70 sr |} X ) .

T . i the height of maximum backscattering and cloud base, re-
spectively. The cloud top is defined to be at the height at
which the signal returns to behave as pure molecular. For
thick clouds, where the signal is completed attenuated, an ap-
parent cloud top is defined at the height at which the signal

Extinction coeff. [Mm'l]
0 275 55 825 110 137.5 165 1925
a1 5 1 1 1 4 1 4 1 4

_g _ returns to the level it had at cloud base. This value, however,
o is not used for the analysis of the cloud top altitudes. Al-
% though the algorithm can be described in such simple terms,
o

its implementation demands filters and statistical tests to re-
move the influence of noise, which are both system depen-
dent. The algorithm steps are

1. compare the raw signal in each bin with its first neigh-
bors and calculate all local maxima and corresponding
previous minima;

"5 05 1 15 5 25 & 85 2. apply a 3-point moving average to the raw signal and
calculate all local maxima and corresponding minima

Backscatter coeff. [Mm'1 sr'l] . .
of the filtered signal;

Figure 9. Backscatter coefficient obtained with the Klett algorithm
using particle lidar ratios from 40 to 70 sr in steps of 5sr (gray) and 3. exclude those max/min pairs that are not found at the
the default inversion with 55 sr (red) are shown. The difference of same time in the raw and filtered signals;

the backscatter obtained with 40 and 70sr (blue) is shown as an
indication of the uncertainty. Data from 1 September 06:30 p.m. to 4.
2 September 05:00 a.m. was used. The extinction scale on top was
scaled withLp = 55 sr.

select max/min pairs corresponding to clouds by com-
paring the difference between raw signal at maximum
and minimum with the difference between raw and fil-
tered signals at maximum;

the associated uncertainty. As the analysis routine uses 55 sr, ) ] o
the Klett inversion was repeated for values ranging from 40 °- Select the cloud base height as the first minimum found

to 70 sr in steps of 5 sr and the result is shown in Bigrhis when searching upwards and select the apparent cloud
+15 sr variation in the particle lidar ratio was considered af-  tOP height where the raw signal is equal or less than the
ter Baars et al(2011). Higher particle lidar ratio correspond signal at cloud base;

to lower backscatter coefficient, as expected, and the differ- . ) . )
ence between the two extremes is shown in blue as a measureB- find the height of maximum signal between base and

of the associated uncertainty. It is about 1 Mar-* below top, i.e., the maximum backscattering height, and take
1 km and negligible above 3.5 km. note of the intermediary minima as they indicate sub-
The uncertainty in the Raman extinction coefficientassoci-  layers of the same cloud;

ated with the uncertainty in the angstrom coefficient was also

evaluated using the Monte Carlo approach. The AERONET 7. repeat steps 5-7 for the region above cloud top to iden-
value of 124 0.4 (Schafer et a).2008 was varied, and the tify other cloud layers.

changes where negligible compared to the uncertainties dis-

cussed above. The pairs of base and top from the above steps are an ap-

proximation of the true base and top heights. They are used as
3.4 Cloud base and top heights a reference for the inversion algorithm to exclude the cloudy

part of the profile thus allowing for the calculation of the
The base and top heights of clouds are found using an algomolecular and particle backscattering coefficients. The final
rithm similar to the one applied bBarja (2002. The algo-  base and top heights are defined as the heights where the par-
rithm uses only the signal and not its derivatives, as is usuaticle backscattering coefficient is larger by two standard de-
in other methods appearing in the literature (&/gang and  viations than the average backscattering coefficient between
Sassen200)). It is based on the fact that the intensity of the 19 and 20 km as iGoldfarb et al(2001).
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Figure 10. Range and background corrected signal (top,)and aerosol backscatter coefficient (bottom, Mrar—1) obtained from the
elastic channels are shown below 5km from 30 August to 6 September 2011. Inversion assumed a particle lidar raﬁé.cﬂ?ﬁ/sand
white regions correspond to local solar noon and clouds, respectively.

4 Results and discussion temperature fluctuations inside the cabinet, as the air con-
ditioning tries to keep a constant temperature of@8The
Results presented correspond to measurements taken froaerosol backscatter coefficient does not show these features
30 August to 6 September 2011. Through this week an in-as it is calibrated independently of the laser power. Aerosol
tensive campaign for calibration of the water vapor channellayers with values from 3 to 5Mm sr—! are found from
of the UV Raman lidar was conducted. Besides having thel to 3 September above 1.5km, possibly indicating long-
thermodynamic profile from the collocated soundings, thisrange transport. There were events where the aerosol was
period is also optimal because maintenance and verificatiomvashed out after precipitation and backscatter was reduced
were performed on a daily basis by an on site team and besignificantly (e.g., 30 August 02:00 p.m.) but events where
cause of the low cloud cover typical of the Amazon dry sea-the aerosol loading remained the same were much more

son. often (e.g., 31 August 02:00 p.m., 1 September 06:00a.m.,
2 September 03:00 p.m. and 3 September 07:00 a.m.).
4.1 \Vertical profiles of aerosols Figurel1shows the backscatter and extinction coefficients

calculated independently with the Raman algorithm during
The aerosol backscatter coefficient was obtained from thelighttime (18:30 to 05:50 LT). An Angstrom coefficient of
elastic channels using Eq®)(and (L0) with a particle li- 1.2 was used as an average value for August-October in this
dar ratio of 55 sr, which is typical for aged biomass burn- region, obtained from AERONET measuremerei{afer
ing aerosols found in this region during the transition from €t al, 2008. 5min profiles and a lower vertical resolution
the dry to wet season8éars et al.2012. This is shown in  of 75m were used. Aerosol plumes with backscatter coef-
Fig. 10 where the grayed regions correspond to local solafficient larger than 3Mm!sr~! were also seen on 1 and
noon when the instrument was not operated. Other data not September and an aerosol layer between 1 and 2.5km can
shown corresponds to cloud, precipitation or fog events thaPe identified. This elevated layer appears at heights typical of
can be identified in the range corrected signal (upper panel)piomass burning plumes transported over long distances, as
The same panel also shows steps in the power of the receivegharacterized by previous lidar studies in the regiBaa(s
signal. These stem from changes in the laser power due t6t al, 2019. Largest values were around 150 Mhinside
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Figure 11. Aerosol backscatter (top, mnt sr_l) and extinction (bottom, Mml) obtained from a Raman inversion are shown above 1km
from 30 August to 6 September 2011. Gray and white regions correspond to local solar noon and clouds, respectively.

the plume. Extinction coefficients close to ground level (atextinction coefficients. Figurd3 shows a scatter plot of
about 1 km) ranged from 40 to 100 Mrhat 355 nm, which  the elastic AOD vs. the Raman AOD for 4435 nighttime
is compatible with the values measured at ground level byprofiles. There is a very good agreement and the linear
Artaxo et al.(2013 during the dry season (10-40 Mrhat and angular coefficients are statistically significant at 95 %
670 nm). Extinction coefficients from the Raman algorithm confidence level to be compatible with 0 and 1, respec-
are much more noisy than the elastic inversion, owing totively. As the elastic AOD is similar to the Raman AOD,
the derivative in Eq.12). To analyze the particle lidar ratio, we used the profiles measured during daytime to validate
the average profiles were calculated for the days with largespur lidar measurements against the collocated AERONET
aerosol loading and are shown in Fi@. The lidar ratio was  station. The AERONET AOD at 355nm was estimated
computed from the Raman extinction and backscatter coeffifrom that at 340 nm using the Angstrom coefficient between
cients larger than 10 Mm" and 0.2 MnT1sr1, respectively.  340-380nm. A good agreement was found, as shown in
Values found are about 45 to 65 sr compatible with what isFig. 14, and AERONET measurement around local noon
expected for biomass burning aerosols and explaining whynicely matches the lidar data before and after this period. Re-
the elastic inversion with fixed particle lidar ratio of 55sr motely sensed aerosol optical depth measurements at 550 nm

showed good results. were taken from the MODIS (The MODerate resolution
Imaging Spectroradiomet&emer et al.2005 Atmosphere
4.2 Aerosol optical depth Products, MODO04L2 and MYDO04L2, Collection 5. MODIS

AOD was averaged in an area of 40k0km around the
The aerosol optical depth can be obtained from the light ex-Sit€ and scaled to 355 nm using an averaged Angstrom coeffi-
tinction by vertically integrating each profile. However, as ¢ient of 1.11 between 380-500 nm estimated by AERONET.
the partial overlap significantly impacts the extinction be- MODIS-Aqua agrees with both AERONET and lidar mea-
low 1.2km (Fig.5), integrating over this region could lead Surements, while MODIS-Terra do not. Very few points
to unrealistic results. Therefore, we assumed a well-mixecB'e available, however, and no definitive conclusion can be

boundary layer with a constant extinction up to 1.2 km, drawn from this comparison. _
which will be justified below, and calculated the column For a quantitative validation, the lidar data were averaged
AOD from all the 1 min profiles of the Klett and Raman in time around each AERONET measurement and compared

www.atmos-meas-tech.net/7/1745/2014/ Atmos. Meas. Tech., 7, 1714%2 2014
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Figure 12. Average aerosol backscatter (left, Mrhsr—1), extinction (middle, MnT1) and particle lidar ratio (right, sr) obtained from
a Raman inversion are shown for days 1, 2 and 3 September 2011.

T T T 06 lidar values are close, hence the root mean square error was
7] calculated and is shown in the lower panel. The minimum

1 Mo error is found when assuming a constant extinction below
] 1.3km and doing a 30 min time average, in good agreement
1 with our previous choice of 1.2 km based on the overlap un-

] certainty. Having defined the best parameters, a comparison
11 1% of the AERONET AOD and the elastic lidar AOD was per-

] formed and is shown in Fidl6. The angular coefficient is
compatible with 1 and RMSE is only 0.06, comparable to
the AERONET AOD uncertainty.

[ | Linear model:

I | Raman = A * Elastic + B

05 [ | Coefficients (95% cont. levels):
| A=0.9697 (0.9612, 0.9783)
[ | B =0.0066 (0.0044, 0.0088)
041

osf

Raman AOD
day

02f

4.3 Back trajectories

Data 31

—y=p1"x+p2 [

/ For identifying the source of aerosol particles observed dur-
O e e T e 0s o O ing this week, backward trajectories from the Hysplit model
Elastic AOD (Draxler and Hessl1998 and fire spots identified by thHae-

Figure 13. Aerosol optical depth at 355 nm obtained from the Ra- SFItUtp Nacional Qe Pesquisas Espaciais (INfRing a com-
man inversion is shown as a function of the optical depth from theblnatlon of satelliteSwere used. As the Iargest AOD \{alues
elastic inversion for 4435 nighttime cloud-free 1 min profiles be- (*~ 0.7) were measured on 3 September (B, back trajec-
tween 30 August and 6 September 2011. Colors indicate day ofories were started at 12:00 UTC of that day from the height
month. The two lines are the linear regression (continuous red) an@f maximum extinction{ 1.5km, see Figl1). Hysplit was
the reference = x (dashed). run in ensemble mode, by shifting the starting point by one
model grid box up/down, east/west and north/south. These 27
different trajectories are shown in Figj7 with all fire spots
L . . observed between 30 August to 1 September. Some trajecto-
one by one. As t_he averaging time window and the helg_ht Ofries could carry biomass burning aerosol as they cross nearby
the constant extinction near ground are somewhat arbltraryf. : . .
ire spots in West Para and more distant ones in East Para and

:Eg Lig?iig:czoi_sgzleﬂr\;a;uﬁ; (\;V:v:/ev\%ﬁl]o\:vegsfs;r?:éefrrzm'rl]%/laranhéo. Other trajectories, however, come straight from
' the ocean and should bring clean air. Local sources of fires

to 60 min, while the altitude of the layer with constant ex- could also contribute. The dilution of the polluted air masses

tinction was varled' from 0.5 t0 2 km.' Upper.panel of FIg. Tcould explain the large variations observed in AOD during
shows the correlation between the time series of AERONET,, . .
this week, from below 0.05 up to 0.75, with a rather constant

and lidar AODs as a function of these two parameters. High- article lidar ratio (Fig11)
est values are found around 1.25 and 1.6 km. A high corre-p g+%-

lation value, however, does not mean that AERONET and lhttp://www.inpe.br/queimadas/
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Figure 14. The time series of aerosol optical depth at 355 nm obtained from the elastic inversion (red), AERONET (blue), MODIS-Terra
(black) and MODIS-Aqgua (green) are shown between 30 August and 6 September 2011. Gray regions correspond to local solar noon.
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4.4 High clouds geometrical characteristics

Figure18shows the logarithm of range and background cor-
rected signal at 355 nm for altitudes above 5km during the
intensive campaign. As in the previous results, lacking mea-
surements around local solar noon is due to the high sun el-
evation. Other missing data at these altitudes are produced
by the low clouds that attenuate the beam at lower levels.
The presence of high clouds is easily depicted by the high-
est values in the signal, shown in red. These high clouds are
very frequent and appear at altitudes from 8 to 16.5 km, with
higher activity after the first two days.

The high cloud base and top heights found by our au-
tomatic algorithm are shown in the same figure, where the
green lines indicate the 25°C and the thermal tropopause
heights obtained from the radiosondes. There is a good agree-
ment between the identified cloud base (black +) and top
(magenta circle) and the cloud position determined by vi-
sual inspection of the signal. However, there are also some
base and top heights detected that have no correspondence in
the raw signal, for instance, on 5 September 2011 between
09:00 and 10:00 LT. The explanation is that while the back-
ground corrected signal is shown only for values above three
standard deviations above the background, the high cloud al-
gorithm processes the raw signal. The base and top altitudes
found during this period are similar to those found before and
after, hence indicating a single high cloud layer. This means
that the algorithm has discrimination power evel§ av be-
low 3.

In Fig. 18 there are persistent high clouds from the third
to the last day of measurement. The bases and tops are in
the range expected for tropical latitudes cirrus (elmm-

Figure 15. Time correlation (top) and root mean square error ler and Schrems2002), with top heights around 15km or
(RMSE, bottom) between AERONET AOD and elastic lidar AOD higher and base heights around 9 km or higher. These tropical
time series are shown as a function of the averaging time windowtropopause cirrus clouds may have originated from deep con-

and the height of the constant extinction layer.

www.atmos-meas-tech.net/7/1745/2014/

vection in the region, as 5 deep convection events with rain
rates between 25 and 222 mmitwere measured by the col-
located weather station. The accumulated precipitation on 1,
3 and 5 September, was 9.35, 28.68 and 17.51 mm. The total
precipitation during the intensive campaign was 57.79 mm,

Atmos. Meas. Tech., 7, 1714%2 2014
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Table 1. Average geometrical characteristics (base, top and maximum backscattering height) and frequency of occurrence of cirrus clouds in
the measurement site near Manaus city during 30 August and 7 September 2011.

Al 830 831 91 92 93 94 95 96 97

Profiles with cirrus clouds 983 8 36 160 146 198 92 157 116 70
Occurrence Frequency (%) 60 3 15 70 61 83 59 67 53 60

Quantity of cirrus layer 2 1 3 3 3 3 3 3 3
Base (km) 115 120 139 126 125 109 114 10.7 113 10.2
Top (km) 134 126 145 142 140 130 139 127 135 124
Max. back. (km) 128 124 142 136 135 122 130 121 127 120
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AOD Lidar 355nm Figure 17. Back trajectories from the Hysplit model from NOAA

and fire spots from Instituto Nacional de Pesquisa Espaciais
(INPE)’s fire detection algorithm are shown over a Landsat image
f the region obtained with Google Earth. Hysplit was run in en-

Figure 16. Aerosol optical depth at 355nm from AERONET as
a function of that obtained from the elastic inversion is shown for
the coincident measurements between 30 and 6 September 201 emble mode, with trajectories starting from 1.5km on 12:00 UTC

Lidar extinction profiles were averaged in a 30 min window and in- 3 September. All fire spots from 30 August to 1 September are
tegrated from the reference altitude down to the ground, assumin%h own '

a constant extinction below 1.3 km.

i i algorithm, it was also obtained the multiple layers of clouds
half of that accumulated in September (113.5mm). Itis alsognq the sub layers structure inside these high clouds. Up to
mter_estmg to note the presence of very optically t_hlck cloudsg high clouds layers were detected during almost overall pe-
as high as 8-12km. These seem to be the stratiform part gfioq only the first two days have 1 or 2 layers and also cor-

convective towers as they are found at increasingly highefegnong to the lowest high cloud frequency occurrence, with
altitudes (e.g., 1, 3, 5 and 6 September). At 15:00 LT thesebmy 3 and 15 %, respectively.

clouds are around 6-8 km and at 18:00-21:00 LT they are at

the tropopause, thus in agreement with the diurnal cycle of

local convection in the Amazon (e.gdachado et a).2002. 5 Conclusions

This is a strong indication that these cirrus clouds are pro-

duced by deep convection, but further analysis with satelliteThis paper described a permanent UV Raman lidar station,

images and back trajectories will be performed in a upcom-which become fully operational in the central Amazon in

ing study. July 2011. The system was designed for unattended, contin-
Table1 summarizes the cloud measurements. During theuous measurements of aerosols and water vapor aiming to

whole period the mean value of base, top and maximumstudy and monitor the atmosphere on the weather to climatic

backscattering heights were 11.5, 13.4 and 12.8 km, resped¢ime scales. The automated data acquisition and the possibil-

tively. The maximum/minimum values for these character-ity to monitor the instrument over the internet reduced the

istics during overall period were 17.9/6.0 km, 19.5/6.5 km operational field costs of maintaining on-site personnel and

and 19.2/6.4km, respectively. On average, the maximurenabled extended hours of daily data collection when com-

backscattering heights are closer to the top altitude. From th@ared to a manually operated systems. This new scientific
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Figure 18. Logarithm of range corrected signal above 7 km is shown from 30 August to 6 September 2011 divided into two panels for
depicting the high clouds. Cloud base (+, black) and top (o, magenta) detected by our algorithm are indicated with markers. Full and dashed
green lines indicate the25°C and trotopause heights calculated from the radiosondes. Gray regions correspond to local solar.

facility has the potential to significantly improve the knowl- less than 1%, hence the operational soundings are used for
edge of the aerosol vertical distribution over Amazonia by our routine analysis.
performing multi-year long observations. A week of lidar measurements during the biomass burn-
The instrument was thoroughly described and charactering season of 2011 were analyzed and compared with mea-
ized. The delay of the analog and the dead time of thesurements from a co-located AERONET sun photometer as
photon count channels were obtained experimentally. In thea mean to assess the overall system capability and perfor-
first case, a 0.475us was found corresponding to a 10-bimance. The period chosen was from 30 August to 6 Septem-
displacement. For the pulse pile up effects, a dead timeber 2011 when an intensive campaign for calibration of the
4.144+0.11 ns and 3.9%& 0.10 ns were measured for the first water vapor channel of the UV Raman lidar was conducted
two channels, in agreement with the manufacturer specifi{to be discussed in an upcoming publication). Particle lidar
cation. Therefore, the analysis algorithm automatically de-ratios obtained during nighttime with the use of the Raman
saturates the three photon count channels assuming a nonhannel were between 50 and 65 sr during the whole week,
paralyzable system withh =4ns, and correct the analog compatible with values found by previous measurements of
channels for the time delay. The overlap between the lasebiomass burning aerosols in the regi@aérs et al.2012).
beam and the telescope field of view was experimentallyA comparison of the elastid( =55 sr) and Raman aerosol
determined using the method ®¥andinger and Ansman optical depth for each 1 min cloud-free nighttime profile dur-
(2002. For the period before 1 August 2012, when the sys-ing that week showed no systematic differences, thus al-
tem used a narrow field stop, a full overlap was found at 3 kmlowing us to use the elastic method to compare lidar and
and its contribution to the particle extinction was found to be AERONET measurements during day time. Lidar data was
important below 1.5km. For the period with the wide field averaged in a 30 min window around the AERONET mea-
stop, these were 1.8km and 1km, respectively. Wideningsurements, and again no systematic differences were found.
the field stop allowed reducing the overlap correction uncer-The RMSE for the AOD was 0.06 with 82 = 0.75, small
tainty to the extinction coefficient from 88 to 36 Mrhsr—1 compared to range of observed AOD values 0.1 to 0.75 and
at 750 m. Ten radiosondes were launched from the lidar sitéo the total AERONET uncertainty that is about 0.¢3b[-
and compared to simultaneous measurements at the operben et al. 1998. To identify the source of these particles,
tional sounding site at the Manaus military airport. Differ- a backtrajectory analysis was performed using the Hysplit
ences in molecules number concentration were found to benodel from NOAA and fire detection maps from INPE. An
ensemble of backtrajectories shows about half coming from
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the ocean and half from the fire spots region. As marineAndreae, M. O., Artaxo, P., Fischer, H., Freitas, S. R., Grégoire,
aerosols have lidar ratios of about 30 sr and are washed out J.-M., Hansel, A., Hoor, P., Kormann, R., Krejci, R., Lange, L.,
much more easily than BBA, we concluded that the observed Lelieveld, J., Lindinger, W., Longo, K., Peters, W., de Reus, M.,
particles were originated from biomass burning. Moreover, Scheeren, B., Silva Dias, M. A. F., Strém, J., van Velthoven, P.
as the measured lidar ratio was rather constant even for low F-J-and Williams, J.: Transport of biomass burning smoke to the
aerosol loadings, we also concluded that the mixture of clean UPPer roposphere by deep convection in the equatorial region,

air into the polluted air masses diluted the smoke plumes, Sggfhys. Res. Lett,, 28, 951-954, d0r1029/2000GL012391

therefore explaining the alternation of low 0.1) and high Andreae, M. O., Rosenfeld, D., Artaxo, P., Costa, A. A., Frank, G.
(~0.7) AOD values with constantp. P., Longo, K. M., and Silva-Dias, M. A. F.: Smoking rain clouds
A cloud detection algorithm initially developed [Barja over the Amazon, Science, 303, 1337-1342, 2004.
(2002 was improved and applied to data from that sameAnsmann, A., Wandinger, U., Riebesell, M., Weitkamp, C., and
week to detect cirrus clouds. A visual inspection of the range Michaelis, W.: Independent measurement of extinction and
corrected signal and the algorithm output for the cloud base, backscatter profiles in cirrus clouds by using a combined Raman
top and height of maximum backscatter shows a very good €lastic-backscatter lidar, Appl. Optics, 31, 7113-7131, 1992.
agreement. During this period, cirrus clouds were present if\rtaxo, P., Rizzo, L. V., Brito, J. F.,, Barbosa, H. M. J., Arana, A,
60 % of our measurements in agreement with previous results S€"a E. T., Cirino, G. G., Bastos, W., Martin, S. T., and Andreae,
(Wang and SasseB007), but with high day-to-day variabil- M. O.: Atmospherlc z'aerosolls in Amazoma and ngd use change:
ity (occurrence frequency varied from 15 to 83 %). Average frgm natural biogenic to biomass burning conditions, Faraday
. ) Discuss., 165, 203—-235, dbd0.1039/C3FD00052[2013.

base_' and top heights were 11.5 and 13.4 km, rgspectlvely, anlgaars, H.: Aerosol profiling with lidar in the Amazon Basin during
maximum backscatter at 12.8 km. Most of the time, three lay- e wet and dry season 2008, Ph.D. thesis, IfT, Leipzig, 191 pp.,
ers of cirrus clouds were found. 2011.
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