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Table S1

Data Available

Instrument Abbreviation 10P1 IOP2  Investigator
Aerosol Chemical Speciation Monitor (Aerodyne) ACSM Yes Yes Artaxo
Scanning Mobility Particle Sizer (TSI) SMPS Yes Yes Artaxo
Condensation Particle Counter (Grimm, model 5412) CPC Yes Yes Pohlker
Multiangle Absorption Photometer 5012 (Thermo, model 5012) MAAP Yes Yes Pohlker
Aecthalometer (Magee) AE30 Yes Yes Artaxo
Nephelometer (Ecotech Aurora 3000) Yes Yes Artaxo
Ultra-High Sensitivity Aerosol Spectrometer (DMT) UHSAS Yes Yes Pohlker
Single Particle Soot Photometer (DMT) SP2 Yes Yes Pohlker
Size-Resolved Cloud Condesation Nuclei Counter (DMT) Size-resolved CCNC No Yes Artaxo/Pohlker
Optical Particle Sizer (TSI, model 3330) OPS Yes Yes Pohlker
Wide Range Aerosol Spectrometer (Grimm) WRAS No Yes Pohlker
Wideband Integrated Bioaerosol Spectrometer (DMT) WIBS-4 No Yes Su
Proton-Trasfer-Reaction Quadrupole Mass Spectrometer (Ionicon) PTR-Q-MS Yes Yes Kesselmeier
Picarro CRDS (Model G1302; S/N CKADS-018) Yes Yes Lavric
Picarro CRDS (Model G1301; S/N CKADS-109) Yes Yes Lavric
Chemolimuniscence NOx monitor (Ecotech CLD TR 780) CLD Yes Yes Sorgel

CO2 monitor (LI-COR 7000) Yes Yes Sorgel
Ozone monitor (TEI 49 I) Yes Yes Sorgel / Souza
Optical Fog Sensor (Eigenbrodt) No Yes Pohlker
Soil Heat Flux Sensor (HFPO1, Hukseflux) Yes Yes Araujo
Water Content Reflector (CS615, Campbell) Yes Yes Araujo
Thermistor (108, Campbell) Yes Yes Araujo
Pyranometer (CMP21 & CMP4, Kipp & Zonen) Yes Yes Araujo
Quantum Sensor (PAR-LITE, Kipp & Zonen) Yes Yes Araujo

Net radiometer (NR-LITE, Kipp & Zonen) Yes Yes Araujo

UV radiometer (Kipp & Zonen, CUVY5) Yes Yes Araujo

Rain Gauge (TB4, Hydrological Services Pty. Ltd.) Yes Yes Araujo
Termohygrometer (CS215, Rotronic Measurement Solutions) Yes Yes Araujo
Barometer (PTB101B, Vaisala) Yes Yes Araujo

2-D Sonic Anemometer (Windsonic, Gill) Yes Yes Araujo

3-D Sonic Anemometer (Windmaster, Gill) Yes Yes Araujo
IRGA (LI-7500A & LI17200, LI-COR) Yes Yes Araujo






Table S2

Data Available

Instrument Abbreviation 10P1 IOP2  Investigator
Hg Monitor (TEKRAN) Tekran Yes Yes Artaxo
Nephelometer (Ecotech) Neph_M9003 Yes Yes Artaxo
Multi filter shadow band radiometer (YesInc) MFR Yes Yes Barbosa

Sun Photometer (Cimel) Aeronet Yes Yes Artaxo

UV Raman Lidar (Raymetrics) Lidar Yes Yes Barbosa
24GHz Micro Rain Radar (Metek) MRR No Yes Barbosa
Laser precipitation monitor (Thies) Disdro Thies Yes Yes Barbosa
Meteorological weather station (Davis) MetDavis No No Barbosa / Souza
Meteorological weather station (Thies) MetThies No Yes Barbosa
Meteorological weather station (Gill) MetGill No Yes Barbosa
NetR8 GNSS Receiver (Trimble) GNSS Yes Yes Barbosa
Precipitation Collector NSA 181/KE DURAN (Eigenbrodt) Eigenbrodt No Yes Barbosa
Meteorological weather station (Campbell) MetCambpell Yes Yes Machado
Passive Infraread Microwave radiometer MP3000 (Radiometrics) MP3000 Yes No Machado
Parsivel Disdrometer (OTT) Parsivel Yes No Machado
IRGASON Integrated CO2 and H20 Open-Path Gas Analyzer and 3D Sonic Anem: FluxCampbell Yes Yes Machado






Data Available

Instrument Abbreviation 10P1 IOP2  Investigator
Proton tranfer reaction mass spectrometer PTR-MS Yes Yes Jardine

Gas chromatograph - mass spectrometter GC-MS Yes Yes Jardine

Proton tranfer reaction mass spectrometer PTR-MS No Yes Chamecki/Fuentes
Gas chromatograph - mass spectrometter GC-MS No Yes Chamecki/Fuentes
Sonic anemometers (10) No Yes Chamecki/Fuentes
Water vapor gas analyzer IRGA No Yes Chamecki/Fuentes
Carbon dioxide gas analyzer IRGA No Yes Chamecki/Fuentes
Ozone gas analyzer No Yes Chamecki/Fuentes
Sulfur dioxide gas analyzer No Yes Chamecki/Fuentes
Carbon monoxide gas analyzer No Yes Chamecki/Fuentes
Nitric oxide gas analyzer No Yes Chamecki/Fuentes
Fast mobility particle sizer FMPS No Yes Chamecki/Fuentes
Cloud condensation nuclei counter CCN counter No Yes Chamecki/Fuentes
Picarro (CO, CO2, H20) CKADS Yes Yes Jardine/Fuentes

Table S3





Table S4

Data Available

Instrument Abbreviation 10P1 IOP2  Investigator
High-Resolution Time-of-Flight Aerosol Mass Spectrometer (Aerodyne Inc.) HR-ToF-AMS Yes No McFiggans
Proton-Trasfer-Reaction Quadrupole Mass Spectrometer (Ionicon) PTR-Q-MS Yes No McFiggans
Multiangle Absorption Photometer 5012 (Thermo) MAAP Yes Yes Artaxo
Nephelometer (TSI) Yes Yes Artaxo
Tapered-Element Oscillating Microbalance TEOM No Yes Artaxo
Picarro (CO, CO2, H20) CKADS Yes Yes Artaxo
Ozone Thermo_49i Yes Yes Artaxo
Yes Yes Machado

Four daily sondes at (-2.639°, -60.157°) (7.5 km to the southeast of TOt)






Table S5

Instrument

Data Available

Abbreviation I0P1 IOP2  Investigator
Meteorological station MetHOBO Yes Yes Souza
Solar radiation and photosynthenitically active radiation MetHOBO Yes Yes Souza
Passive tubes for trace gases No Yes  Souza
PM2.5 Filter Sampler No Yes Souza






Data Available

Instrument Abbreviation 10P1 10P2
Four daily radio sondes Yes Yes
S-band radar operated by the Amazon Protection System (SIPAM) Yes Yes

Table S6





Table S7

Data Available

Instrument Abbreviation 10P1 IOP2  Investigator
Proton-Trasfer-Reaction Quadrupole Mass Spectrometer (Ionicon) PTR-Q-MS Yes Yes Artaxo
Ozone Monitor 49i (Thermo) O3 Monitor Yes Yes Artaxo
SO2 Monitor 431 (Thermo) SO2 Monitor Yes Yes Artaxo
Cavity Attenuated Phase Shift NO2 Monitor (Aerodyne Inc.) CAPS NO2 No Yes Artaxo
CO, N20 monitor (Los Gatos Research) CO,NO2 LGR Yes Yes Souza
Scanning Mobility Particle Sizer (TSI Inc.) SMPS Yes Yes Artaxo
Aerosol Chemical Speciation Monitor (Aerodyne Inc.) ACSM Yes Yes Artaxo
Multiangle Absorption Photometer 5012 (Thermo) MAAP Yes Yes Artaxo
Acthalometer (Magee Inc.) 71- AE33 Yes Yes Artaxo
Nephelometer (Ecotech) 3-1 Neph Aurora Yes Yes Artaxo
Tapered Element Oscillating Microbalance 1405 (Thermo) TEOM PM2.5 & PM10 No Yes Artaxo
Cloud Condensartion Nuclei Counter (Droplet Measurement Technologies) Size-resolved CCNC No Yes Artaxo






Table S8

Data Available

Instrument Abbreviation 10P1 IOP2  Investigator
Disdrometer (Parsivel) Yes Yes Machado
X-Band Radar Yes Yes Machado
Micro Rain Radar MRR No Yes Machado
High-Resolution Time-of-Flight Aerosol Mass Spectrometer (Aerodyne Inc.) HR-ToF-AMS Yes Yes Alexander/Martin
Semi-Volatile Thermal Desorption Aerosol Gas Chromatograph SV-TAG Yes Yes Goldstein
Size-Resolved Cloud Condensation Nuclei Counter SCCN Yes Yes Wang
Harvard Rebound Apparatus HBA Yes Yes Martin
Oxidation Flow Reactor OFR Yes Yes Jimenez
Proton Transfer Reaction Time-of-Flight Mass Spectrometer PTR-ToF-MS Yes Yes Martin/MAOS
Proton Transfer Reaction Time-of-Flight Mass Spectrometer PTR-ToF-MS Yes Yes Guenther
Scanning Mobility Particle Sizer SMPS Yes Yes Jimenez
HOx Chemical Ionization Mass Spectrometer HOx-CIMS Yes Yes Kim

Picarro CRDS G2401 analyzer (CO, CO2, CH4) Picarro Yes Yes Jimenez
Medium Volume Filter Sampler, PM1 (MCV, S.A.) Yes Yes Jimenez

Air Quality Monitoring 60 (O3) AQM-60 Yes Yes Souza
Sequential Filter Sampler Yes Yes Goldstein
Transmission electron microscope grip sampler TEM grid sampler Yes Yes Buseck
PM2.5 Filter Sampler Yes Yes Godoi/Souza
Filter sampler (quartz and nuclepore) Yes Yes Artaxo
Laser-induced flurescence LIF Yes Yes Keutsch
Micro-Orifice Uniform-Deposit Impactor MOUDI No Yes Laskin
Neutral cluster and Air Ion Spectrometer NAIS No Yes Petaja

Nano particle size distribution NPSD Yes Yes Kuang
Passive tubes for trace gases Yes Yes Godoi/Souza
Particle Size Magnifier PSM No Yes Petaja

Laser Induced Phosphorescence LIP No Yes Keutsch
Thermal Desorption Chemical Ionization Mass Spectrometer TD-CIMS Yes Yes Smith
Precipication collection for chemical analysis No Yes Pauliquevis
Solar radiation and photosynthenitically active radiation Yes Yes Souza
Meteorological station Yes Yes Souza






Table S9

Data Available

Instrument Abbreviation 10P1 10P2
Acrosol Chemistry Speciation Monitor ACSM No Yes
Aethalometer, 7-Wavelength Aeth Yes Yes
CO, N20 and H20 Analyzer CO/N20/H20 Yes Yes
Condensation Particle Counter, Fine Mode CPCf Yes Yes
Condensation Particle Counter, Ultrafine Mode CPCu No No
Meteorology Sensor Met Yes Yes
Nephelometer Neph Yes Yes
Nephelometer, dry NephDry Yes Yes
Oxides of Nitrogen Analyzer NO/NOx/NOy Yes* Yes
Ozone Analyzer 03 Yes Yes
Photoacoustic Soot Spectrometer, 3-Wavelength PASS-3 No No
Particle Soot Absorption Photometer PSAP Yes Yes
Proton Transfer Mass Spectrometer PTRMS Yes Yes
Scanning Mobility Particle Sizer SMPS No No
Single Particle Soot Photometer SP2 Yes Yes
SO2 Analyzer SO2 No Yes
Ultra-High Sensitivity Aerosol Spectrometer UHSAS Yes Yes

*Only NO and NOy in IOP1





Table S10

Data Available

Instrument Abbreviation 10P1 10P2
Two-Channel Narrow Field of View Zenith Radiometer 2NFOV Yes No
Atmospheric Emitted Radiance Interferometer AERI Yes Yes
Propeller Vane Wind Sensors Anemometer Yes Yes
Black and White pyranometer, shaded, downwelling B/W 8-48-SKY Yes Yes
Barometer Barometer Yes Yes
Ceilometer Cloud Lidar Ceilometer Yes Yes
Cloud Condensation Nuclei Counter CCN Yes Yes
Continuous Light Absorption Photometer CLAP Yes No
Condensation Particle Counter CPC Yes Yes
Cimel Sunphotometer CSPHOT Yes No
Doppler Lidar DL Yes Yes
Eddy Correlation Flux Measurement System ECOR No Yes
Infrared Thermometer Downlooking IR Therm Grd Yes Yes
Infrared Thermometer Uplooking IRT-Sky Yes Yes
ARM-Standard Meteorological Instrumentation at Surface Met Yes Yes
Multi-Filter Radiometer MFR No Yes
Multi-Filter Rotating Shadow Band Radiometer MFRSR Yes Yes
Micropulse Lidar MPL No Yes
Microwave Radiometer MWR Yes Yes
Microwave Radiometer 3 Channel MWR 3C Yes Yes
Microwave Radiometer High Frequency MWR HF No No
Microwave Radiometer P MWR P No No
Nephelometer Neph Yes Yes
Nephelometer, wet NephDry No Yes
Normally Incident Pyroheliometer: Installed and recording data NIP Yes Yes
Optical Rain Gauge ORG No No
Parsivel Present Weather detector Parsivel2 disdrometer No No
Pyrogeometer, upwelling PIR-GRND Yes Yes
Pyrogeometer, downwelling PIR-SKY Yes Yes
Present Weather Detector PWD Yes Yes
Particle Soot Absorption Photometer PSAP Yes Yes
Precision Spectral Pyranometer, upwelling PSP-GRND Yes Yes
Precision Spectral Pyranometer, downwelling PSP-SKY Yes Yes
Radar Wind Profiler RWP Yes Yes
Ka/W-band Scanning ARM Cloud Radar SACR No No
Shortwave Array Spectroradiometer - 180 deg field of view SAS-HE Yes Yes
Shortwave Array Spectroradiometer - Zenith pointing SAS-ZE Yes Yes
Surface Energy Balance System SEBS Yes No
Sound-based wind profiler SODAR Yes Yes
Sonic Anemometer Sonic No Yes
Tipping Bucket Rain Gauge TB Rain Gauge No No
Total Sky Imager TSI No No
Temperature and Humidity Sensor T/RH Yes Yes
W-band (95 GHz) ARM Cloud Radar WACR Yes Yes
Five daily radio sondes (0, 6, 12, 15 and 18 UTC) Yes Yes






Table S11

Data Available

Instrument Abbreviation 10P1 IOP2  Investigator
Disdrometer (Joss) Yes Yes Machado
Disdrometer (Parsivel) Yes Yes Machado
Rain Gauge Yes Yes Machado
Microwave Radiometer (MP3000) No Yes Machado
Micro Rain Radar MRR Yes Yes Machado
GPS-Based Integrated Water Vapor wv Yes Yes Machado
Field Mill Yes Yes Machado






Table S12

Data Available

Instrument Abbreviation 10P1 10P2
Global Positioning System (DSM 232) GPS Yes Yes
Temperature (Rosemount E102AL) Yes Yes
Pressure (Rosemount 1201F1) Yes Yes
Gust Probe: Rosemount 1221F2 (3 units) Yes Yes
Chilled-mirror hygrometer (GE-1011B) Yes Yes
Tuneable Diode Laser Hygrometer TDL-H Yes Yes
Aircraft Integrated Meteorological Measurement System AIMMS-20 Yes Yes
Video Camera P1347 (forward looking) Yes Yes
Video Camera P1344 Yes Yes
Ultrafine Condensation Particle Counter (Model 3025A) UCPC Yes Yes
Condensation Particle Counter (Model 3010) CPC Yes Yes
Fast Integrated Mobility Spectrometer FIMS Yes Yes
Ultra High Sensitivity Aerosol Spectrometer - Airborne UHSAS-A Yes Yes
Passive Cavity Aerosol Spectrometer PCASP Yes Yes
Particle/Soot Absorption Photometer PSAP Yes Yes
Three-Wavelength Integrating Nephelometer (Model 3563) Yes Yes
High Resolution Aerosol Mass Spectrometer HR-ToF-AMS Yes Yes
Cloud Condensation Nuclei Counter CCN Counter Yes Yes
Optical Particle Counter (Model CI-3100) OPC Yes Yes
Quadrupole Proton-Transfer-Reaction Mass Spectrometer PTR-MS Yes Yes
N20 and CO concentrations (Los Gatos 23r) Yes Yes
Oxides of Nitrogen (Nox) Yes Yes
Ozone (Thermo Scientific Model 491) Yes Yes
Picarro Cavity Ring Down System (Model G1301-m) CRD Yes Yes
Multi Element Water content System (SEA WCM-2000) Yes Yes
High Volume Precipitation Spectrometer (Version 3) HVPS-3 Yes Yes
Two-Dimensional Stereo Probe 2D-S Yes Yes
Fast Cloud Droplet Probe Fast-CDP Yes Yes
Cloud Droplet Probe (version 2) CDP ver2 Yes Yes
Cloud Particle Imager (version 2) CPI ver2 Yes Yes
Sunshine Pyranometer, shaded SPN-1 Yes Yes
Sunshine Pyranometer, unshaded (up and down looking) SPN-1 Yes Yes






Table S13

Data Available

Instrument Abbreviation 10P1 10P2
Counter-flow Virtual Impactor Inlet CVlI inlet No Yes
Precipitation Imaging Probe PIP No Yes
Cloud Combination Probe (Cloud ImagingProbe + Cloud Droplet Probe) CCP (CIP + CDP) No Yes
Novel Ice EXpEriment - Cloud and Aerosol Particle Spectrometer NIXE-CAPS No Yes
Small Ice Detector Probe (version 3) SID-3 No Yes
Microwave Temperature Profiler MTP No Yes
Ultra High Sensitivity Aerosol Spectrometer - Airborne UHSAS-A No Yes
Cloud and Aerosol Spectrometer with Depolarization CAS-DPOL No Yes
Particle Habit Imaging and Polar Scattering Probe PHIPS-HALO No Yes
Compact Time of Flight Aerosol Mass Spectrometer C-ToF-AMS No Yes
Aerosol MEasuremenT SYSTem AMESTYST No Yes
SiNgle-ParticleSOOtPhotometer System SNOOPY No Yes
HALO Aerosol Submicrometer Inlet HASI No Yes
Cloud Condensation Nucleus Counter CCNC No Yes
Photo-Acoustic Spectrometer PAS No Yes
Single Particle Soot Photometer SP-2 No Yes
Fast Ice Nucleus Chamber FINCH No Yes
CO, 03 AMTEX No Yes
SO2, HNO3, PFC PAN-MS No Yes
NOy, NO IPA-NOy No Yes
Mini Differential Optical Absorption Spectroscopy miniDOAS No Yes
Spectral Modular Airborne Radiation Measurement System SMART No Yes
Imaging Spectrometer Package Eagle/Hawk No Yes
Hygrometer for Atmospheric Investigations HAI No Yes






Figure S1





a. IOP1 G1 FlightTrajectories 250 m to 750 m c. IOP1 G1 FlightTrajectories 1250 m to 1750 m

htTrajectories 750 m to 1250 m htTrajectories above 1750 m

Figure S2





a. IOP2 Gl FlightTrajectories 250 m to 900 m

Tok FT0t

b. IOP2 G1 FlightTrajectories 1000 m to 2000 m

Tok FT0t

c. IOP2 G1 FlightTrajectories above 2000 m

Googleearth

image Landsat

Figure S3





Google earth -

Image llandsat:

Figure S4





. T3y

%

égogle‘earth )

-

Image Landsat

Figure S5





(a) IOP1 (b) IOP2

"

60S
100w gow 30w 20w 100w aow

Figure S6





Figure S7

15 to 21 Mar 2014 8 to 14 Mar 2014 1to 7 Mar 2014 22 to 28 Feb 2014 15to 21 Feb 2014 8 to 14 Feb 2014 1to 7 Feb 2014

22 to 28 Mar 2014

TOk I’T(“

25 &roe
.‘__‘m

TOk ITO‘

Googleearth : Googleearth

TOk JTOt

i &Toe
L ¢ {71
%
Google-earth

I

TOk J-’TGI

TOk FTOt

&Toe
T2

.‘:_{71 T'.‘a‘e

st

TOk JTOt

TOk FTOt

2 d&roe
£

Googleearth

?

s

TOk JTOt

&roe
T2

Google-earth Googleearth

I Ima

TOk iTGl

= &roe
T3 &
S
Google-earth - G

image Lendsst ¢ ima

TOk J’T(}l

mage Lendast

138

£

?

TOk ‘TOI

Googlesarth ‘ Google earth

#1027 100 7 01 dos 97 #107 doS ST 01 61 ¥10T doS 81 03 71 y1ozdes 11 01 ¢ 10T dos 01 Sny 67 ¥107 Snv 87 031 7T ¥10Z7 30V 12 01 6T

710230 6 01 €





Figure S8

1 Feb2014 to 7 Feb 2014

8 Teb 2014 to 14 Teb 2014

15 Teb 2014 t0 21 Teb 2014

22 Teb 2014 t0 28 Teb 2014

[ ]
£
d
i
1 Mar 2014 to 7 Mar 2014
[ ]
8 Mar 2014 to 14 Mar 2014
o
.
15 Mar 2014 to 21 Mar 2014
[ ]
Ar
L]
22 Mar 2014 to 28 Mar 2014
[ ]






¥102 m=< €1 +v10Z3ny 12 ¥1078ny 67 ¥IOTAIS O v1ozdeS 1 +10cdeS T #10T %m 0o¢ ¥I0TIPO 8 +10T 190 91

e e
" th“ b S JX?JJ

Wi ,.h_wrx_ f&_.. Tl

ko -k

PI0CUB[ ST $10CQqA ¢ V10292401 ¥10T92d 81 ¥10T92d9C +I0CTBIN 9 VIOTIBIN VI VIOTIBINTC +10T BN 0¢

Figure S9





		supplementary text

		Supplementary Tables

		Supplementary Figures for Introduction

		figures for supplemental material.pdf

		Figures for Introduction.pdf

		siteLocation

		Slide Number 1



		powerPlants

		Slide Number 1



		mainFigureIOP1andIOP2

		Slide Number 1



		supplementary figure IOP1

		Slide Number 1



		supplementary figure IOP2

		Slide Number 1



		Binder1.pdf

		mainFigure

		Slide Number 1



		severalFigures

		Slide Number 1

		Slide Number 2

		Slide Number 3

		Slide Number 4





		Binder1.pdf

		Figure 3

		MODIS images

		Slide Number 1





		firesInBasin.pdf

		Slide Number 1














Atmos. Chem. Phys. Discuss., 15, 30175-30210, 2015 Atmospheric

www.atmos-chem-phys-discuss.net/15/30175/2015/ Chemistry

doi:10.5194/acpd-15-30175-2015 .

© Author(s) 2015. CC Attribution 3.0 License. and Physics
Discussions

This discussion paper is/has been under review for the journal Atmospheric Chemistry
and Physics (ACP). Please refer to the corresponding final paper in ACP if available.

Introduction: Observations and Modeling

of the Green Ocean Amazon
(GoAmazon2014/5)

S.T. Martin1, P. Artaxoz, LAT Machadoa, A.O. Manzi", R.A.F. Souzas,
C. Schumachers, J. Wang7, M. O. Andreaes, H. M. J. Barbosaz, J. Fang,
G. Fisch', A. H. Goldstein'", A. Guenther'?, J. L. Jimenez'®, U. Péschl®,
M. A. Silva Dias?, J. N. Smith'?, and M. Wendisch'*

"Harvard University, Cambridge, Massachusetts, USA

2Univarsity of Sao Paulo, Sao Paulo, Brazil

3National Institute for Space Research, Sdo José dos Campos, Brazil
“National Institute of Amazonian Research, Manaus, Amazonas, Brazil
5Amazonas State University, Amazonas, Brazil

Texas A&M University, College Station, Texas, USA

"Brookhaven National Laboratory, Upton, New York, USA

8Max Planck Institute for Chemistry (Departments of Biogeochemistry and Multiphase
Chemistry), Mainz, Germany

9Pacific Northwest National Laboratory, Richland, Washington, USA
"®Aeronautic and Space Institute, So José dos Campos, Brazil

30175

Jaded uoissnosiq | Jaded uoissnosig | Jededq uoissnosig | uaded uoissnosig

ACPD

15, 30175-30210, 2015

Introduction:
GoAmazon2014/5

S. T. Martin et al.

Introduction
Figures

References

Full Screen / Esc
Printer-friendly Version
Interactive Discussion
(GMON

Summary of Comments on Introduction: GoAmazon2014/5

This page contains no comments





"University of California, Berkeley, California, USA

"University of California, Irvine, California, USA

"University of Colorado, Boulder, Colorado, USA

"University of Leipzig, Leipzig, Germany

Received: 2 October 2015 — Accepted: 12 October 2015 — Published: 4 November 2015
Correspondence to: S. T. Martin (scot_martin@harvard.edu)

Published by Copernicus Publications on behalf of the European Geosciences Union.

30176

Jaded uoissnosiq | Jeded uoissnosig | Jeded uoissnosig

Jaded uoissnasiq

ACPD

15, 30175-30210, 2015

Introduction:
GoAmazon2014/5

S. T. Martin et al.

Introduction
References
Figures

.
.

Printer-friendly Version
Interactive Discussion

This page contains no comments





Page: 30177

Abstract
ACPD

15, 30175-3021f, 2015

\shosiq

The Observations and Modeling of the Green Ocean Amazon (GoAmazon2014/5)
Experiment was carried out in the environs of Manaus, Brazil, in the central region of
the Amazon basin during two years from 1 January 2014 through 31 December 2015.
The experiment focused on the complex interactions among vegetation, atmospfieric Introdi/ction:

chemistry, and aerosol production on the one hand and their connections to - GoAmazZon2014/5

Jaded uor

S. /Martin et al.

the Manaus metropolis, superimposed on the background copAitions of the central
Amazon basin, served as a natural laboratory. The preseni/paper, as the Introduc-
tion to the GoAmazon2014/5 Special Issue, presents the gdntext and motivation of the
GoAmazon2014/5 Experiment. The nine research sites, including the characteristics
and instrumentation of each site, are presented. Th4 sites range from time point zero
(TO) upwind of the pollution, to T1 in the midst g¥#the pollution, to T2 just downwind of
the pollution, to T3 furthest downwind of the p4flution (70 km). In addition to the ground
sites, a low-altitude G-159 Gulfstream | (G{1] observed the atmospheric boundary layer
and low clouds, and a high-altitude Gulfstream G550 (HALO) operated in the free tro
posphere. During the two-year experiment, two Intensive Operating Periods (IOP1 ayd
I0P2) also took place that included additional specialized research instrumentatioy at
the ground sites as well as flights of the two aircraft. GoAmazon2014/5 IOP1 way/ car-
ried out from 1 February to 31 March 2014 in the wet season. GoAmazon2014/% 10P2
was conducted from 15 August to 15 October 2014 in the dry season. The Gt aircraft
flew during both IOP1 and IOP2, and the HALO aircraft flew during IOP2. In the context
of the Amazon basin, the two IOPs also correspond to the clean and biomass burning
seasons, respectively. The Manaus plume is present year round, and it is transported
by prevailing northeasterly and easterly winds in the wet and dry seasons, respectively.
This Introduction also organizes information relevant to many papers in the Special Is-
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sue. Information is provided on the vehicle fleet, power plants, and industrial activiti

cussed based on satellite observations across South America and Afriz4. Fire locations
throughout the airshed are detailed. In conjunction with the coptxt and motivation of
GoAmazon2014/5, as presented herein in this Introduction_#€search articles published
in this Special Issue are anticipated in the near futurg 6 describe the detailed results
and findings of the GoAmazon2014/5 Experiment.

1 Introduction

The Amazon basin functions as a giant biogeochemical reactor to influence regional
climate, with both exports and imports of climate-relevant quantities in connection to
other regions of Earth (Keller et al., 2009). Biogenic emissions of gases and aerosol
particles, in combination with high absolute humidity and strong solar radiation, main-
tain chemical and physical cycles that sustain the aerosol particle population, the cloud
field, and the hydrological cycle of the basin (Salati and Vose, 1984; Lelieveld et al.,
2008; Martin et al., 2010a). The biology of the forest has a critical role in regulating
atmospheric composition and climate over the region (Pdschl et al., 2010; Artaxo et al.,
2013).

Any accurate model of the Earth system must succeed in a good description of trop-
ical regions and in particular the Amazon basin, both in its natural state as well as
when perturbed by regional and global human activities. The hydrologic cycle of the
basin is one of the primary heat engines of global circulation (Nobre et al., 2009).
Models of future climate accounting for human activities have suggested a possible
drying, especially in the eastern regions (Nobre et al., 1991; Boisier et al., 2015). Sig-
nificant changes in the amounts and patterns of precipitation in the basin can have
far-reaching consequences because of the non-linear, multiscale interactions that af-
fect clouds, precipitation, and atmospheric circulation, leading for example to possible
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modifications in the annual migration of the Intertropical Convergence Zatie (ITCZ)
(Wang and Fu, 2007). The hydrological cycle in the Amazon basin ka8 changed over
the past two decades, but the causes are not fully understand (Davidson et al., 2012;
Gloor et al., 2013).

At present, many aspects of continental tropical deep convection, such as the daily
cycle, are poorly understood and inaccurately modeled (Betts, 2002; Dai, 2006). Cloud
properties simulated in climate models have high sensitivity to changes in droplet con-
centration, droplet size distribution, and liquid water content (Dandin et al., 1997; Liu
and Daum, 2002; Rotstayn and Liu, 2003). Cloud microphysical properties, cloud cover,
precipitation, lightning, and regional climate over the Amazon basin can be significantly
affected by aerosol particles (Andreae et al., 2004; Lin et al., 2006; Rosenfeld et al.,
2008; Martins and Silva Dias, 2009; Altaratz et al., 2010; Koren et al., 2012; Gongalves
et al., 2015; Rosenfeld et al., 2014). For background conditions in the basin, aerosol
particle concentrations at Earth’s surface number several hundred per cm® (Andreae,
2007; Martin et al., 2010a). By comparison, background concentrations increase by an
order of magnitude in the dry season because of widespread biomass burning (Martin
et al., 2010a; Artaxo et al., 2013). Shifts in the concentrations of cloud condensation
nuclei (CCN) from a few hundred up to one thousand per cm? can strongly affect cloud
microphysics (McFiggans et al., 2006; Reutter et al., 2009; Koren et al., 2014). Fu-
ture expansion of cities and population throughout the basin can be expected to alter
particle concentrations, and changes in cloud properties can be expected.

The Observations and Modeling of the Green Ocean Amazon (GoAmazon2014/5)
Experiment was motivated by the need to gain a better understanding of aerosol-cloud-
precipitation interactions and processes over the largest tropical rain forest on Earth.
GoAmazon2014/5 sought to advance the goal of understanding how the chemical,
hydrological, energy, and ecosystem cycles of the basin function today and how they
might evolve under scenarios of future stress and pollution. The experiment assembled
a network of observation sites to intercept both background air of the Amazon basin
and pollution from the Manaus metropolis in the central region of Brazil (Fig. 1). Man-
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aus, situated at the confluence of the Black River (“Rio Negro”) with the Solimdes River,
which together form the Amazon River, is an isolated urban region of over two million
people (IBGE, 2015). The city has been a free trade zone since 1967 to encourage
economic development, leading to the presence today of hundreds of local and global
manufacturing companies. Most of the manufactured products are shipped thousands
of kilometers by boat to the consumers in the southern states of Brazil. Outside of the
city there is natural forest for over 1000 km in every direction. In this context, the air-
shed intersecting the GoAmazon2014/5 research sites downwind of Manaus oscillated
between (i) one of the most natural continental sites on Earth and (ii) one characterized
by the interactions of the pollution emissions of a tropical metropolis with the natural
emissions of the rain forest. GoAmazon2014/5 was designed to explore cloud-aerosol-
precipitation interactions over a tropical rain forest for which contrasting conditions of
clean compared to polluted conditions were clearly and regularly delineated. The most
heavily instrumented research site (“T3”) of GoAmazon2014/5 was 70 km downwind of
Manaus, and it intersected clean compared to polluted air with day-to-day variability in
the position of the Manaus plume. The pollution plume from Manaus thus served as a
laboratory for investigating perturbations to natural processes.

The regular synoptic changes between the wet and dry seasons offered an additional
important scientific contrast. In the wet season, the Manaus plume aside, the Amazon
basin is one of the cleanest continental regions on Earth (Andreae, 2007; Martin et al.,
2010a). The particle population is in dynamic balance with the ecosystem (which pro-
duces them directly and indirectly) and the hydrologic cycle (which removes them). In
the dry season, biomass burning is prevalent throughout the basin. The most intense
burning and atmospheric perturbations take place at the southern and eastern edges
of the vast forest. Local fire emissions as well as basin-wide background pollution also
affect the Manaus region during this time period. Wet deposition also decreases during
the dry season. As result of these spatial and temporal differences, cloud-aerosol-
precipitation interactions are significantly different between the two seasons (Andreae
et al., 2004; Feingold et al., 2005; Artaxo et al., 2013).
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precipitation interactions—(CGAPY, and-terrestrial ecosyst:

S. T. Martin et al.

= —coud-a
“(TES). The nubl

can be largely grouped into focusing on one or mere-5iite Tollowing topics:

>. 1@ rerturbations of atmospheric composition and atmospheric oxidant cycle
due to human activities in tropical continental regions, including interastions with
biogenically produced volatile organic compounds. (b-Associated influences on
the number concentration, the mass co: Ttration, the size distribution, and the

dry season (i.e.,
intense and relatively isolated storms) compare ine wet season (i.e., lese+-
tense but more widespread storms).
from shallow to deep convectisir, with comparison and
tropical and other ervi

GAPL T
a range o =d conditions. (b) The connections to aerosol direct,
semi-direct, and.ini

FES. @) Identities, amounts, and seasonal patterns of emissions of biogenic
volatile organic compounds (BVOCs). (b) The controls on the fraction of assimi-
lated carbon that is allocated to the production and emission of BVOCs.
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This Introduction to the Special Issue presents the objectives and motivation of the
GoAmazon2014/5 experiment. It also provides a description of the field sites, the enyi
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Introduction:

2 Experimental design GoAmazon2014/5

The GoAmazon2014/5 Experiment took place in the e o S. T. Martin et al.

tral region of the Amazon basin. Manaus, a city p §

and expanding rapidly, is an isolated urban region within the s| 2

(Fig. 1). It is large enough to have an ur S

to the surrounding forest (de Souza a 3 .o veral important U

geographic features include the i 3 urban landscape, &

and undulating land relief (5 its dai i

Santos et al., 2014; Tanal o

from 1 January 2014 o

cluding aircraft and many additiong o}

the wet and dry seasons of 2044 &, n n

to 31 March 2014, and GoA S I S

tober 2014. There wel Ay

nated flights by reg€arch aircraft. S
B

2.1 Site géscriptions

The locations of Manaus and the nine research sites are shown in Fig. 1. The latitude— e

longitude coordinates of each site are listed in Table 1. The sites range from time points &

zero (TO) upwind of the pollution, through time points one (T1) and two (T2) closer <

to the pollution sources, to time points three (T3) furthest downwind of the pollution. Y

Instrumentation at each site, including the aircraft, is catalogued in Tables S1 to S13 8
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in the Supplement. The scope and duration of the datasets that were collected by this
combined set of instrumentation represents a new milestone for the study of climate
and air quality in the Amazon basin.

Site TOa was the Amazonian Tall Tower Observatory (ATTO) (Andreae et al., 2015).
Although the site has been active since 2012, the 325-m tall tower (inaugurated in
August 2015) had not yet been completed during the IOPs of GoAmazon2014/5. Mea-
surements were instead made from two 80-m towers at the site. Site TOe was located at
a branch of the Brazilian Agricultural Research Corporation (EMBRAPA) about 10 km
beyond the northern limits of the Manaus metropolitan area (Barbosa et al., 2014).
Sites TOk and TOt were situated in the Cuieiras Biological Reserve (“ZF2”) that has
been a central part of Amazonian ecology and climate studies for over 20years. In
particular, TOk was the tower “K34” that has been the centerpiece of the Large-Scale
Biosphere—Atmosphere (LBA) experiment since its construction in 1999 (Araujo et al.,
2002). Site TOt was tower “TT34” established for the Amazonian Aerosol Characteri-
zation Experiment (AMAZE-08) in 2008 (Martin et al., 2010b). The TO sites were all
nominally upwind of Manaus so that the pollution plume was not present most of the
time. In all cases, however, except possibly for TOa, the local winds did occasionally
transport some pollution to these sites (Chen et al., 2015).

Within Manaus, site T1 was a tower in a forested section of the campus of the Na-
tional Institute of Amazonian Research. Site T1p was located at the military airport at
Ponta Pelada in Manaus. Site T2 consisted of a research container placed at a hotel
on the western edge of the Black River and just across the river from Manaus (J. Brito,
personal communication, 2015). It sampled the fresh Manaus pollution plume across
approximately 8 to 11 km of river width depending on the prevailing wind direction. Site
T3u was located on the regional campus of Amazonas State University in Manacapuru.

The most comprehensively instrumented site of GoAmazon2014/5 was T3. For
twenty-four months, a suite of containers representing the Atmospheric Radiation Mea-
surement (ARM) Climate Research Facility of the United States Department of Energy
operated at T3. This facility included the Mobile Facility One (AMF-1) and the Mobile
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traveled two-lane road (AM-070) that connects Manaus to Manacapuru. Manacapuru
was 10 km downwind of T3 to the southwest.

Two aircraft, a low-flying G-159 Gulfstream | (“GI*j~& 2014) that mostly
sampled the atmospheric boundary layer and low clouds and a high-flying Gulfstream
G550 (“HALO”) (Wendisch et al., 2015) that mostly observed the free troposphere,
collected data during the two IOPs. The flight tracks of HALO appear in Wendisch
et al. (2015), constituting 14 research flights, mostly in the mid- and uppertroposphere
during IOP2. The domain of flights was across a large part of the Amazon b.
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a few flight missions set up to sample background conditions, the flight tracks shown
in Fig. 2 represent a synopsis of the actual location of the Manaus pollution plume on
specific days. The flight tracks show that easterly winds carried the plume Westward
over the rain forest. On a given day, flight plans were filed in early mex
boundary layer winds sampled by radiosondesaswell as on the forecasted location of
the pollution plume. Irrsome cases, adjustments to the flight plans were made during
flight once instrumentation had identified the actual location of the daily plume.

2.2 Climatology

In the middle of the Amazon basin, Manaus is situated in an attractive scientific location

because the full range of basin meteorology can be encountered. Cold fronts, which

typically occur in the southwest part of the basin (Rondonia), can reach further north

and affect the meteorology of the central part of the basin, most often in June and July.
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Squall lines, which are frequent in the eastern portion of the basin, also penetrate and
propagate from the South Atlantic to middle of the basin (Greco et al., 1990; Cohen
et al., 1995; Alcantara et al., 2011), often leading to late night or early morning pre-
cipitation in Manaus (Machado et al., 2004). Organized synoptic convective events are
most common at the start and the end of the wet season. These events are caused
in large part by a monsoon circulation that shifts the ITCZ southward over Manaus
and by squall lines that originate near the coast and propagate to the central region of
the basin. A consequence of these dual synoptic perturbations is that the number of
organized synoptic convective events per month is high in Manaus, around six during
March and three during October (Machado et al., 2004).

The cloud cover and rainfall around Manaus is lowest in July and August during the
central period of the dry season and highest in February and March in the midst of
the wet season. Although seasonal variation in convective available potential energy
(CAPE) is small, as is typical for rain forest close to the equator, rainfall in the wet
season is more continuous but less intense compared to the dry season. The transition
period between dry and wet seasons and the onset of the wet season are the time
periods of maximum intensity for convection. Little seasonal variation in CAPE yet large
variation in cloud cover and rainfall taken together imply that small perturbations in
large-scale circulation in this region can possibly drive dramatic changes in rainfall.

2.3 Air pollution sources in Metropolitan Manaus

Major sources of air pollution from Manaus include the vehicle fleet, power plants, and
industrial activities, all of which are increasing annually. The population of Manaus grew
from 1.5 million in 2004 to 2.0 million in 2014. By percentage Manaus was the fastest
growing major Brazilian city during this time period (IBGE, 2015). Manaus accounts for
80 % of the economic activity of the state of Amazonas.

In regard to the vehicle fleet, in December 2014 there were 622675 vehicles reg-
istered in Manaus (DENATRAN, 2015). Outside of Manaus, there were an additional
133088 vehicles in the state of Amazonas. For comparison, ten years earlier (De-
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cember 2004), there were 242893 registered vehicles in Manaus, meaning a 2502
increase in the fleet from 2004 to 2014. In 2014, 255 758 registered vehicles
cohol or gasoline, 281811 consumed gasoline only, 54 158 were poweréd by diesel
and 30948 employed another fuel or were unclassified. There w<fe 326 806 paszén-
ger vehicles, 150 127 motorcycles, 91099 pick-ups, 28 rucks, 10688 bus€s, ard
15690 vehicles of other types.

Electricity in Manaus is largely produced e combustion of fosgiATels. In 2013,
the power plants consumed 2.5 x 108G of fuel oil (providing 445% of electricity prz”
duced), 1.3x10° m® of natural 925765 %), and 6.1 x 10® L&t digs6l (31 %) (A. Megsiros,
personal communication-2015). The nominal instzi gzacity was 1.5 GWAor fossil
fuel power plants (Eigtrobras, 2013). Figure-8 {fré locations of thelants in the
urban region.“The consumption of fossil fuels was complemented by“a hydroelectric
power plant (250 MW), which#ds operated in Balbina to the ngrth of the city since
1989. Following the inaxgUration in November 2009 of a gag“pipeline (661 km) from
Urucu to Manaus-and passing through Manacapuru, the $4€l matrix for electricity pro-
duction has-géen shifting from a historical reliance on fdel oil and diesel to one having
an iperéasing fraction of natural gas.

i ig—4)—In addition to Manaus, important but less conseg4ential
sources of air pollution include multiple small municipalities along the Amazon River
extending hundreds of kilometers to the east all the way to the South Alantic. Be-
tween Manaus and T3, there are dozens of small brick factories (Fig. §)/ These facto-
ries nearly exclusively use wood to fire the kilns (B. Portela, personal communication,
2015). Site T2 was impacted by these factories when well-known daily patterns of lo-
cal river breezes transported air masses from the west (direction opposite to Manaus)
(G. Cirino, personal communication, 2015) (Silva Dias et al., 2004; Trebs et al., 2012;
dos Santos et al., 2014). With respect to T3, although the simulated wind trajectories
at times passed near and through the locations of these factories, elevated concentra-
tions of biomass burning tracers such as acetonitrile or levoglucosan were rare for the
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The mesoscale and synoptic meteorology is ased on soundings as weX as satel-
lite observations. The trade winds carried ezUatorial air of the South Afléntic into the
Amazon basin. Fourteen-day back trajectries, originating 100 m abg#e Manaus, are
grouped together and shown in Fig. g Manaus (-3.1°) was typicay in-the-airshed-of
the Northern Hemisphere during IOP1 because of the southern p#sitioning of the ITCZ
during this time period.

Time series of altitude profiles of winds and relative hupdity based on soundings
launched at the T3 site, as well as a time series of rggional rainfall based on re-
trievals from a radar at T3p, are presented in Fig. % ‘Northeasterly winds prevailed
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negative (Fig. espemally in September (not shown).
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4 Regional and long-range transport of emissions during the Intensive
Operating Periods

]
The wet season is viewed as a clean time period for backgroupair, except for the 8
episodic intrusions from Africa (Martin et al., 2010a). The =y season is sometimes E n n
alternatively referred to as the biomass burning sease. During times of continental = - <« § - |
recirculation (cf. Sect. 3), biomass burning emiss6ns from the southern edge of the o
forest transported south and southeast acress the Atlantic coast of Brazil could in part E
return to the central Amazon. The bagkifajectories in the dry season also passed re-
liably along the Amazon River, eafrying the pollution of riparian communities and at
times of large cities in the czaStal northeast of Brazil into the Manaus region. =
Fire locations in the-fiear-field of the Manaus region as well as in the far field of £ — -
;
South Amerlca 7€ represented for-each-week-oHOP+-and-HOP2-in-Figs—9-and-10; 2
Near-field fires represent upwind locations requiring on the order of one %
day for transport to the Manaus region. Pollution from these fires can be expected &
to have physical and chemical signatures of fresh emissions. Far-field fires represent
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even relatively small amounts of imported emissions (compared to the source regions)
can have a regionally dominant effect compared to the otherwise clean receptor region.
In summary, the GoAmazon2014/5 Experiment focused on the complex interactions » ” .

among vegetation, atmospheric chemistry, and aerosol production and their connec-
tions to aerosols, clouds, and precipitation. It sought to understand how aerosol and
cloud life cycles were influenced by pollutant outflow from a large city in the tropical rain
forest, particularly the susceptibility of the biosphere and atmosphere to human activ-
ities, for a wide range of synoptic and environmental conditions. It was driven by the
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30190






Page: 30191

need to develop a knowledge base of data, processes, and mechanisms for inclusion in
models of different types and scales. The intended future legacy of GoAmazon2014/5
is that more accurate predictions (embedded in models) should be developed of how
the present-day functioning of energy, carbon, and chemical flows in the Amazon basin
might change, both due to external forcing on the basin from global climate change and
internal forcing from past and projected economic development in the basin. There cg

Issue. These planned Overviews encompass the A
of GoAmazon2014/5.

Biosphere Atmosphere Experi
search (INPA), the National u&
sity (UEA), and the Braz{3|

ment of Energy, Xffice of Science, sponsored by the Office of Biological Znd Environmen-
tal Research,“Funding was obtained from the United States Departmeny’of Energy (DOE),
the Amazonas State Research Foundation (FAPEAM), the Sdo Paulo Fesearch Foundation
(FAPESP), the Brazil Scientific Mobility Program (CsF/CAPES), the United States National
Science Foundation (NSF), the German Max Planck Society (MPG), the German Research
Foundation (DFG), and the German Aerospace Center (DLR). HALO flew as part of the co-
ordinated ACRIDICON-CHUVA Experiment. The research was conducted under scientific li-
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Table 1. Names and locations of research sites and platforms deployed in GoAmazon2014/5«
Other common names, as well as the relative distances and angles from T1 (INPA), are~also

listed.
Location Position Relative to T1

GoAmazon2014/5  Other Latitude ~ Longitude Distance (km) Heading (0°N) ~Site Description SiteDeseription

Reference Reference

Toa ATTO -2.1466° -59.0050° 151.4 45.8° ForestedSite upwind of Andreae et al. (2015)
Mapads for 325 m tall tower
4faugurated Aug 2015)

Toe EMBRAPA -2.8942° -50.9718° 225 4.3 Pasture site north of Barbosa et al. (2014)
Manaus

Tok K34, ZF2 -2.6091° -60.2093° 59.4 Closed canopy, forested Aradijo et al. (2002)
site north of Manaus

Tot TT34, ZF2 -2.5946° -60.2093° 60.9 336.1° Broken canopy, forested Martin et al. (2010b)
site north of Manaus

hal INPA -3.0972° -59.9867° n/a On INPA campus in
Manaus

Tip Ponta Pelada -3.1461° 5.4 179.6° Ponta Pelada Airport (PLL)

T2 Tiwa Hotel -3.1392° 16.8 253.9° Adjacent to river, just
«downwind of Manaus; river
width of 7.5 to 11.7km
depending on direction of
prevailing winds.

T3 -3.2133° -60.5987" 69.4 259.2° Pasture site downwind of
Manaus

T3u -3.2953° -60.6282° 74.6 252.9° On UEA campus in
Manacapuru

G na na na na Schmid et al. (2014)

G-159
Gulfstream |
HALO Gulfstream n/a na nla n/a Wendisch et al. (2015)
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Figure 6 Fourteen-day back trajectories initialized at 100 m above T3 during (a) IOP1 and
(b) IOP2. Meteorological fields were from the 1° x 1° Global Data Assimilation System (GDAS).
Source: http://www.arl.noaa.gov/HYSPLIT_info.php, last access: 15 August 2015.
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Figure 6. Satellite-based detection of fires on (top) regional scale and (bottom) on the scale of
South America. Left and right columns represent periods of IOP1 and IOP2,
respectively. On regional scale, each fire icon indicates the detection of one fire event
during the two-month observation period of each IOP. The yellow markers indicate
the locations of GoAmazon2014/5 research sites (cf. Figure 1). On the scale of South
America, the color scaling in red runs from 0 to 100 fire events detected ina 1° x 1°
grid box during the two-month observation period of each IOP. Some grid boxes have
more than 100 events. The green point represents the location of Manaus. Source:

http://www.dpi.inpe.br/proarco/bdqueimadas/, accessed 7 August 2015.







Reviewer comments are in italics. Author responses are in plain text. Text in the manuscript is in
courier font.

We thank the reviewers for the constructive comments and the resulting improvements to the
manuscript.

1. The paper provides an introduction to the GoAmazon study with the intention of having three
overview papers follow. The paper is well written and does provide an introduction to the
experiment. However, given that this is an Introductory paper, it would benefit by providing a
more specific description of the overall scientific goals of this program, as well as or
encompassing those more specific of the individual sites/aircraft. What was the purpose of the
ground site setup, what were the key measurements and how did they achieve the goals. What
specific atmospheric chemistry or physical processes were being investigated? What were the
objectives of the aircraft and how were the flights designed to achieve these objectives. This
text could be enhanced in the Introduction and in the Experimental design sections. In addition
to the scientific goals and experimental design, details on how successful this study was as a
whole, as well as specific successes would be useful.

ACP has papers that are of type “Introduction” and “Overview”. The present manuscript is of
type “Introduction”. Instructions for this type of article are as follows:

In addition to the above manuscript types, special issues may include an introduction article or
an overview article or both. Introduction articles outline the motivation and background, and
overview articles synthesize and summarize the findings of the special issue papers. The
manuscript title must clearly reflect the relation to the special issue and should start with
"Introduction:" or "Overview:"
http://www.atmospheric-chemistry-and-physics.net/about/manuscript_types.html

In line with the above guidelines of the ACP, the principle is applied that the Introduction does
not present specific scientific results of the experiment. Instead, the Introduction provides
motivation, background, and some contextual information. Contextual information includes
satellite images at a larger scale than the domain of GoAmazon2014/5 measurements, which are
focused on the Manaus region. This viewpoint, which has some validity to be sure, is the basis
for the preparation of the Introduction; at the same time, the set of reviewer comments go to the
point that the motivation and background for the experiment can be more fully explained. The
text is accordingly improved, and we thank the reviewers for the red flag on this issue in the
manuscript’s submitted form. The three reviewers also have other helpful and informative
suggestions for what could be included in the manuscript, but in some cases these suggestions lie
outside the scope of our goals for what we wish to accomplish in the Introduction.

Regarding actual results from GoAmazon2014/5, the submitted Introduction provides
information about the Overview papers that will appear. The following wording is included in
the manuscript: “In conjunction with the Introduction presented herein,
research results and findings of GoAmazon2014/5 appear in the
articles of this Special Issue. The Special Issue is open for new
submissions for three years. A series of three Overview articles is





planned for summarizing and synthesizing the findings of the papers
of the Special Issue. These planned Overviews encompass the various
objectives of GoAmazon2014/5.”

One other goal of the Introduction is to provide a reference document for other scientists
involved in GoAmazon2014/5 as they prepare their manuscripts. They do not need to repeat
detailed information on site descriptions, overall campaign goals, and other contextual
information. This goal also serves future readers. There is a useful, consolidated, consistent
reference document for those writers and future readers. Many of the figures were related to this
purpose, and those figures are relocated to the Supplementary Material in the revised document.

The revised text makes the intention and scope of the Introduction clear in these various aspects.
2. p. 30182, L. 15 - “‘many additional research groups’ ? What does this mean?
The text is updated to read: “additional personnel and instrumentation”.

3. Tables S1-S13 — Some of the instrument names indicate the quantity being measured, but some
do not. The table needs another column indicating the measurement quantity.

The 13 tables list 243 instruments. Much of the instrumentation (e.g., aecrosol mass spectrometer
as one example or radar facilities as another example) provides many different types of data sets,
which cannot be concisely described. The goal of the Introduction, therefore, is to list of the
instrumentation. Although we understand the spirit of the reviewer’s suggestion and thank the
reviewer for it, a review of the capabilities of 243 instruments is out of scope of the Introduction.
The interested reader will find more information in the Overview papers as well as the research
papers associated with GoAmazon2014/5.

4. p. 30184 - is the “guest instrumentation’ reflected as University instrumentation in Table S87?
Yes, “guest” is “university”. The revised text removes the term “guest”.

5. Figs S1 and S2 — | presume the altitudes are masl? | think the label for Fig S2 should be for
I0P2?

The revised manuscript is corrected. Thank you.

6. p. 30184, L. 16-20 — The flight tracks themselves do not indicate the actual location of the
plume or how the plume was carried. They only indicate where the aircraft flew. It would be
better to have an explanation of the prevailing winds, daily wind pattern and how the aircraft
flights were designed to track the Manaus plume downwind (previous studies, radiosondes,
forecasts).

The reviewer is correct that a detailed account of each flight would be better in terms of
providing more detailed information to a reader specifically interested in the aircraft flights. This
information, however, is outside of the scope of the goals of what we seek to accomplish with
the Introduction to GoAmazon2014/5. For instance, although the aircraft component is important
to GoAmazon2014/5, similar requests for more detailed accounts could be made for the other

2





measurement platforms and research sites that did not involve the aircraft.
7. p. 30184, L. 21 — How was the plume forecasted? What model? Reference?

The sentence is inserted: “The plume was forecast by the CATT-BRAMS model
(Coupled Aerosol and Tracer Transport model to the Brazilian
developments on the Regional Atmospheric Modelling System)
(Freitas et al. 2009).”

8. p. 30182 — Title should reflect that the section describes both sites and aircraft flight
descriptions.

The title is revised to: “Site and aircraft descriptions.”

9.p. 30186, L. 27 simulated wind trajectories. Need some more detail including uncertainties
on these simulations and text/references describing how these were calculated.

References are provided to Silva Dias et al. (2004) as a general citation to BRAMS and to dos
Santos et al. (2014) for the specific case of Manaus. The personal communication of G. Cirino is
both a PhD thesis recently submitted and an associated manuscript that will soon be submitted.

10. In the Climatology section, I suggest having a discussion about the climatology of the
winds/wind patterns. This would support the following discussion it the Section on sources.

In this region of the planet, trade winds prevail. The text states: “The mesoscale and
synoptic meteorology is based on soundings as well as satellite
observations. The trade winds carried equatorial air of the South
Atlantic into the 20 Amazon basin. Fourteen-day back trajectories,
originating 100 m above Manaus, are grouped together and shown iIn
Fig. 6a”and “During the dry season, the 1TCZ shifted northward, and
the Manaus region was under air masses coming from the Southern
Hemisphere (Fig. 6b). The trade winds carried air and moisture from
the South Atlantic to the middle of Amazon basin.”

11. p. 30187, L. 9-14 Having high concentrations of these pollutants in a plume is not
surprising, however, it’s not clear why these results motivated this study.

These words are deleted from the revised manuscript.

12. Figure 3 —Lat/longs needed for edges of maps. Figure 4 — 1 don’t see this figure as being
useful.. Figure 5 — Combine Figure 3 and 5. Consider one figure with 2 maps — Figure 1 +
combined Figure 3/5, indicating the zoomed in portion of Figure 1. Figure 6 — lat/long labels
needed. Figure 7. Figure needs to be substantially larger. For the wind and relative humidity
plots — since the measurements were taken 4 times/day how were these figures generated?
Interpolated somehow? What is the typical boundary layer height? Figure 8 — axis numbers
and legend difficult to read. I find this figure and the labels a bit confusing. Figures 9 and 10 —
For print, figure could be much larger. Lat/long labels needed on figures. These figures could
go in supplementary and explained briefly in text that there are more fires in the dry season
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compared to the wet season. Figure 11. For print, figure could be much larger. Why is there
no colour scale legend? Is this parameter unitless?

The figures were sized for a traditional journal page, but unfortunately were presented in a
smaller format in the ACPD representation. As the reviewers point out, several became difficult
to read in the ACPD format. Nevertheless, the figure width and font size all follow the ACS Style
Guide (http://pubs.acs.org/isbn/9780841239999) when produced at the size of standard printed
journal pages. They will appear at correct size in ACP, meaning full-page figures in some cases.

The labeling and other improvements (e.g., figure combination) suggested by the three reviewers
were incorporated for the most part in the revised set of figures. We appreciate the suggestions.

For verification of reviewers and editor, the revised set of figures is included at the end of this
file at the size intended in an ACP publication.

Figures 3,4, 5,9, 10, and 11 are moved to the Supplementary Material.

The revised caption to Figure 1 states the rectangle of latitude and longitude: “The map
rectangle is drawn from (-3.66°, -60.92°) in the southwest to
(-1.91°, -58.58°) i1n the northeast.”

Referee Comments

13. There are too many figures and many of them are too small to be useful and/or they don’t
teach very much. In general, the figures are poorly labeled, and as a result, will only be useful to
the science team and not the general readership of ACP. Changes to the figures should include
latitude and longitude labels at the edges of all Google Earth images and other maps. To the
extent possible these images should be scaled identically and some should be combined. For
example, figures 3 and 5 can be combined. Figure 6 doesn’t say much and could be deleted.
Figure 7 is too small to be useful and can be deleted without loss to the reader. Figures 9, 10
and 11 have too many panels that seem to be redundant. As a result the figures are too small to
be readable and all the panels look the same. Each of these figures should be limited to no more
than 2 panels. Figure 8 seems to be mislabeled. Perhaps b1 should be a2? It is not clear that the
anomaly adds much for the reader. My attempt to read them suggests the variation is of order
20-30%, an amount that doesn’t seem surprising for a 2 month window or likely to have any
effect on the interpretation of the gas or aerosol measurements. | suggest the authors clarify
what is unusual about the anomaly and how it might affect interpretation of data that will appear
in many of the GoAmazon papers or delete those panels.

Please see response 12.

14. | recognize that overview papers are not the place for new science, however, as this paper
describes the experimental design of GoAmazon, some reflection on the success of the overall
experimental design is appropriate. For example, similar objectives guided the southeast US
experiments in 2013. This experiment had many of the same elements but attempted to link
ground sites in a Lagrangian manner. Was that large scale design element effective? The paper

4





should provide guidance to others thinking about large scale experiments.
Please see response 1.

15. The acronyms ALC, CLC, CAPI and TES are not necessary to the paper and are a
distraction to the reader outside of the GoAmazon community and should be simply spelled out.

The revised document follows the reviewer’s suggestion.

16. It is essential that the authors describe the measurements needed to accomplish the larger
goals outlined in the paper and indicate which sites were instrumented to accomplish which
goals. A list of instruments at each site is needed. The paper’s description of instruments and
measurements by facility name (e.g. AMF-1 or MAQOS) are not useful.

The list of instruments appears in 13 tables in the Supplement.

The following wording is included in the manuscript: “Instrumentation at each site,
including the aircraft, is catalogued in Tables S1 to S13.”

17. The sentence ““Four additional containers of guest instrumentation ...” is also not useful.
What did the *““guests” measure? Why are some participants in the experiment “guests” and
others presumably some other status, perhaps ““hosts”? Does that designation affect the science
goals or the functioning of the science team? What will it mean to a reader 10 years from now? .

The text is revised to remove the confusing term of “guest”.

Referee Comments

18. The manuscript provides an overview of the GoAmazon2014/5 experiment with the intention
to introduce the Special Issue in ACP on this integrated multi-platform experiment. The paper
aims to providing fundamental information on the design of the experiment, deployed platforms,
source regions of anthropogenic pollution and biomass burning relevant to the target area, and
meteorological conditions during the intensive operating periods, and thus setting the frame for
the detailed scientific publications to come. In its current version, the paper does not meet the
requirements for an introduction paper to such a complex experiment. In general terms, it is well
written, but the readability would largely benefit from restructuring the presentation of the
material and critically revisiting the presented figures. Specific comments are given below. In
summary, major revisions are required prior to acceptance for publication in ACP.

Please see response 1.

19. The introduction paper to a Special Issue of such a complex, integrated, multiplatform
experiment should present the overarching ideas and scientific objectives of such a study,
participating partners, role of partners, measurement concepts and study design. Since this is not
the first integrated experiment of this kind, the specific study design and approaches should be
reflected in the light of experience made during previous large-scale experiments of similar kind.
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I consider this an essential piece of information required for the justification of the approaches
chosen for GoAmazon2014/5. 1t would also highlight potential new approaches developed for
this study. The introduction section would benefit from a more clear structure which may be
achieved by introducing subheadings. The section contains information about previous
knowledge and motivation, study design, and structuring of the ACP Special Issue. At least, these
different parts of the introduction should be separated by subheadings.

Please see response 1.

20. Many figures require redesign and also merging into a single figure. Reviewers #1 and #2
have commented this aspect in detail, so that I can focus on the most important issues. Figures 3
and 5 may be merged and presented as traditional maps instead of using Google Earth. This
would enhance the information content because populated areas are easier to distinguish from
the surrounding forest and farm lands. Furthermore, major roads are easier to identify. Figure 4
can be removed completely. The information is already contained in Fig. 1. Figures 7 and 8 have
to be enlarged and require larger axis labels, otherwise the given information is lost. Figures 9
to 11 require re-arrangement. Why not selecting few demonstration cases and combine fire
detection from Figs. 9 and 10 with the respective MODIS AOD in a single multi-panel figure?
The other periods may be shown in the Supporting Information. In the current form, these figures
are almost useless.

Please see response 12.
21. Page 30177, last line: This sentence should be moved to the end of the abstract.

The value of this suggestion was considered but in our view it would be out of place to relocate
the sentence to the suggested location. The purpose of this sentence is not to close the abstract.
Rather, its purpose is to introduce the sentences that follow it in the abstract.

22. Page 30178, line 10: Doesn’t Amazonia also influence global climate?

Yes. The sentence reads: “Amazon basin functions as a giant biogeochemical
reactor to influence regional climate, with both exports and imports
of climate-relevant quantities iIn connection to other regions of

Earth.” The connection to global climate is made clear through the phrase “export and
imports of climate-relevant quantities”.

23. Page 30179, line 3: Suggested rephrasing: ““: : : are not fully understood.”

The reviewer’s suggestion is incorporated.

24. Page 30188, last line: The sentence starting with “Importantly : : :”” seems to be incomplete.
The word “there” is inserted.

25. Page 30190, line 24: | suggest starting a new section here.

An additional header could be added here as a matter of author preference. We have preferred,
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however, to keep the text less broken up. We think introducing the paragraph with “In
summary” serves the purpose adequately of guiding the reader that this paragraph moves to a
summary.
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Abstract

The Observations and Modeling of the Green Ocean Amazon (GoAmazon2014/5)
Experiment was carried out in the environs of Manaus, Brazil, in the central region of
the Amazon basin during two years from 1 January 2014 through 31 December 2015.
The experiment focused on the complex interactions among vegetation, atmospheric
chemistry, and aerosol production on the one hand and their connections to aerosols,
clouds, and precipitation on the other. The objective was to understand and quantify
these linked processes, first under natural conditions to obtain a baseline and second
when altered by the effects of human activities. To this end, the pollution plume from
the Manaus metropolis, superimposed on the background conditions of the central
Amazon basin, served as a natural laboratory. The present paper, as the Introduc-
tion to the GoAmazon2014/5 Special Issue, presents the context and motivation of the
GoAmazon2014/5 Experiment. The nine research sites, including the characteristics
and instrumentation of each site, are presented. The sites range from time point zero
(TO) upwind of the pollution, to T1 in the midst of the pollution, to T2 just downwind of
the pollution, to T3 furthest downwind of the pollution (70 km). In addition to the ground
sites, a low-altitude G-159 Gulfstream | (Gj1) observed the atmospheric boundary layer
and low clouds, and a high-altitude Gulfstream G550 (HALO) operated in the free tro-
posphere. During the two-year experiment, two Intensive Operating Periods (IOP1 and
IOP2) also took place that included additional specialized research instrumentation at
the ground sites as well as flights of the two aircraft. GoAmazon2014/5 IOP1 was car-
ried out from 1 February to 31 March 2014 in the wet season. GoAmazon2014/5 IOP2
was conducted from 15 August to 15 October 2014 in the dry season. The G aircraft
flew during both IOP1 and IOP2, and the HALO aircraft flew during IOP2. In the context
of the Amazon basin, the two IOPs also correspond to the clean and biomass burning
seasons, respectively. The Manaus plume is present year round, and it is transported
by prevailing northeasterly and easterly winds in the wet and dry seasons, respectively.
This Introduction also organizes information relevant to many papers in the Special Is-
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sue. Information is provided on the vehicle fleet, power plants, and industrial activities
of Manaus. The mesoscale and synoptic meteorologies relevant to the two IOPs are
presented. Regional and long-range transport of emissions during the two IOPs is dis-
cussed based on satellite observations across South America and Africa. Fire locations
throughout the airshed are detailed. In conjunction with the context and motivation of
GoAmazon2014/5, as presented herein in this Introduction, research articles published
in this Special Issue are anticipated in the near futurg to describe the detailed results
and findings of the GoAmazon2014/5 Experiment.

1 Introduction

The Amazon basin functions as a giant biogeochemical reactor to influence regional
climate, with both exports and imports of climate-relevant quantities in connection to
other regions of Earth (Keller et al., 2009). Biogenic emissions of gases and aerosol
particles, in combination with high absolute humidity and strong solar radiation, main-
tain chemical and physical cycles that sustain the aerosol particle population, the cloud
field, and the hydrological cycle of the basin (Salati and Vose, 1984; Lelieveld et al.,
2008; Martin et al., 2010a). The biology of the forest has a critical role in regulating
atmospheric composition and climate over the region (Pdschl et al., 2010; Artaxo et al.,
2013).

Any accurate model of the Earth system must succeed in a good description of trop-
ical regions and in particular the Amazon basin, both in its natural state as well as
when perturbed by regional and global human activities. The hydrologic cycle of the
basin is one of the primary heat engines of global circulation (Nobre et al., 2009).
Models of future climate accounting for human activities have suggested a possible
drying, especially in the eastern regions (Nobre et al., 1991; Boisier et al., 2015). Sig-
nificant changes in the amounts and patterns of precipitation in the basin can have
far-reaching consequences because of the non-linear, multiscale interactions that af-
fect clouds, precipitation, and atmospheric circulation, leading for example to possible
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modifications in the annual migration of the Intertropical Convergence Zone (ITCZ)
(Wang and Fu, 2007). The hydrological cycle in the Amazon basin has changed over
the past two decades, but the causes are not fully understand, (Davidson et al., 2012;
Gloor et al., 2013).

At present, many aspects of continental tropical deep convection, such as the daily
cycle, are poorly understood and inaccurately modeled (Betts, 2002; Dai, 2006). Cloud
properties simulated in climate models have high sensitivity to changes in droplet con-
centration, droplet size distribution, and liquid water content (Dandin et al., 1997; Liu
and Daum, 2002; Rotstayn and Liu, 2003). Cloud microphysical properties, cloud cover,
precipitation, lightning, and regional climate over the Amazon basin can be significantly
affected by aerosol particles (Andreae et al., 2004; Lin et al., 2006; Rosenfeld et al.,
2008; Martins and Silva Dias, 2009; Altaratz et al., 2010; Koren et al., 2012; Gongalves
et al., 2015; Rosenfeld et al., 2014). For background conditions in the basin, aerosol
particle concentrations at Earth’s surface number several hundred per cm® (Andreae,
2007; Martin et al., 2010a). By comparison, background concentrations increase by an
order of magnitude in the dry season because of widespread biomass burning (Martin
et al., 2010a; Artaxo et al., 2013). Shifts in the concentrations of cloud condensation
nuclei (CCN) from a few hundred up to one thousand per cm® can strongly affect cloud
microphysics (McFiggans et al., 2006; Reutter et al., 2009; Koren et al., 2014). Fu-
ture expansion of cities and population throughout the basin can be expected to alter
particle concentrations, and changes in cloud properties can be expected.

The Observations and Modeling of the Green Ocean Amazon (GoAmazon2014/5)
Experiment was motivated by the need to gain a better understanding of aerosol-cloud-
precipitation interactions and processes over the largest tropical rain forest on Earth.
GoAmazon2014/5 sought to advance the goal of understanding how the chemical,
hydrological, energy, and ecosystem cycles of the basin function today and how they
might evolve under scenarios of future stress and pollution. The experiment assembled
a network of observation sites to intercept both background air of the Amazon basin
and pollution from the Manaus metropolis in the central region of Brazil (Fig. 1). Man-
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aus, situated at the confluence of the Black River (“Rio Negro”) with the Solimdes River,
which together form the Amazon River, is an isolated urban region of over two million
people (IBGE, 2015). The city has been a free trade zone since 1967 to encourage
economic development, leading to the presence today of hundreds of local and global
manufacturing companies. Most of the manufactured products are shipped thousands
of kilometers by boat to the consumers in the southern states of Brazil. Outside of the
city there is natural forest for over 1000 km in every direction. In this context, the air-
shed intersecting the GoAmazon2014/5 research sites downwind of Manaus oscillated
between (i) one of the most natural continental sites on Earth and (ii) one characterized
by the interactions of the pollution emissions of a tropical metropolis with the natural
emissions of the rain forest. GoAmazon2014/5 was designed to explore cloud-aerosol-
precipitation interactions over a tropical rain forest for which contrasting conditions of
clean compared to polluted conditions were clearly and regularly delineated. The most
heavily instrumented research site (“T3”) of GoAmazon2014/5 was 70 km downwind of
Manaus, and it intersected clean compared to polluted air with day-to-day variability in
the position of the Manaus plume. The pollution plume from Manaus thus served as a
laboratory for investigating perturbations to natural processes.

The regular synoptic changes between the wet and dry seasons offered an additional
important scientific contrast. In the wet season, the Manaus plume aside, the Amazon
basin is one of the cleanest continental regions on Earth (Andreae, 2007; Martin et al.,
2010a). The particle population is in dynamic balance with the ecosystem (which pro-
duces them directly and indirectly) and the hydrologic cycle (which removes them). In
the dry season, biomass burning is prevalent throughout the basin. The most intense
burning and atmospheric perturbations take place at the southern and eastern edges
of the vast forest. Local fire emissions as well as basin-wide background pollution also
affect the Manaus region during this time period. Wet deposition also decreases during
the dry season. As result of these spatial and temporal differences, cloud-aerosol-
precipitation interactions are significantly different between the two seasons (Andreae
et al., 2004; Feingold et al., 2005; Artaxo et al., 2013).
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The original use of the expression “green ocean” was related to the similarities in
aerosol particle concentrations and cloud microphysics between the Amazon basin
and remote oceanic regions during clean periods of the wet season (Williams et al.,
2002). The expression, in reference to Green Ocean Amazon (“GoAmazon” in short
form) or “Observations and Modeling of the Green Ocean Amazon” (in long form), has
grown into a more general meaning to refer to the energy, water, and chemical cycles
over the vast, mostly green Amazon rain forest.

The publications of GoAmazon2014/5 in this Special Issue can be broadly catego-
rized as related to aerosol life cycle-(ALG), the cloud life cycle-(GEC), cloud-aerosol-
precipitation interactions{GAPH, ard-terrestrial ecosystems—H{FES). The publications
can be largely grouped into focusing on one or more of the following topics:

— ALG, (a) Perturbations of atmospheric composition and atmospheric oxidant cycle
due to human activities in tropical continental regions, including interactions with
biogenically produced volatile organic compounds. (b) Associated influences on
the number concentration, the mass concentration, the size distribution, and the
optical, cloud-forming, and ice-nucleating properties of aerosol particles.

— GLG, (a) The evolution of storms over tropical rain forests in the dry season (i.e.,
intense and relatively isolated storms) compared to the wet season (i.e., less in-
tense but more widespread storms). (b) The daily transition in cloud development
from shallow to deep convection, with comparison and understanding between
tropical and other environments.

— GAP. (a) Effects of aerosol particles on clouds, precipitation, and lightning across
a range of clean and polluted conditions. (b) The connections to aerosol direct,
semi-direct, and indirect radiative effects.

— FES, (a) ldentities, amounts, and seasonal patterns of emissions of biogenic
volatile organic compounds (BVOCs). (b) The controls on the fraction of assimi-
lated carbon that is allocated to the production and emission of BVOCs.
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This Introduction to the Special Issue presents the objectives and motivation of the
GoAmazon2014/5 experiment. It also provides a description of the field sites, the envi-
ronmental conditions during the two Intensive Operating Periods (IOPs), and the con-
text of the Manaus metropolis in the center of the largest rain forest on Earth.

2 Experimental design

The GoAmazon2014/5 Experiment took place in the environs of Manaus in the cen-
tral region of the Amazon basin. Manaus, a city presently of over two million people
and expanding rapidly, is an isolated urban region within the surrounding rain forest
(Fig. 1). It is large enough to have an urban island heat effect of up to 3°C relative
to the surrounding forest (de Souza and dos Santos Alvala, 2014). Several important
geographic features include the confluence of two large rivers, an urban landscape,
and undulating land relief (50 to 200 m) that affects its daily meteorological cycles (dos
Santos et al., 2014; Tanaka et al., 2014). GoAmazon2014/5 measurements were made
from 1 January 2014 through 31 December 2015. Two Intensive Operating Periods, in-
cluding aircraft and many additional researeh-greups, at the ground sites, took place in
the wet and dry seasons of 2014. GoAmazon2014/5 IOP1 took place from 1 February
to 31 March 2014, and GoAmazon2014/5 IOP2 was active from 15 August to 15 Oc-
tober 2014. There were nine ground stations in and around Manaus as well as coordi-
nated flights by research aircraft.

2.1 Site descriptions

The locations of Manaus and the nine research sites are shown in Fig. 1. The latitude—
longitude coordinates of each site are listed in Table 1. The sites range from time points
zero (TO) upwind of the pollution, through time points one (T1) and two (T2) closer
to the pollution sources, to time points three (T3) furthest downwind of the pollution.
Instrumentation at each site, including the aircraft, is catalogued in Tables S1 to S13
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in the Supplement. The scope and duration of the datasets that were collected by this
combined set of instrumentation represents a new milestone for the study of climate
and air quality in the Amazon basin.

Site TOa was the Amazonian Tall Tower Observatory (ATTO) (Andreae et al., 2015).
Although the site has been active since 2012, the 325-m tall tower (inaugurated in
August 2015) had not yet been completed during the IOPs of GoAmazon2014/5. Mea-
surements were instead made from two 80-m towers at the site. Site TOe was located at
a branch of the Brazilian Agricultural Research Corporation (EMBRAPA) about 10 km
beyond the northern limits of the Manaus metropolitan area (Barbosa et al., 2014).
Sites TOk and TOt were situated in the Cuieiras Biological Reserve (“ZF2”) that has
been a central part of Amazonian ecology and climate studies for over 20years. In
particular, TOk was the tower “K34” that has been the centerpiece of the Large-Scale
Biosphere—Atmosphere (LBA) experiment since its construction in 1999 (Araujo et al.,
2002). Site TOt was tower “TT34” established for the Amazonian Aerosol Characteri-
zation Experiment (AMAZE-08) in 2008 (Martin et al., 2010b). The TO sites were all
nominally upwind of Manaus so that the pollution plume was not present most of the
time. In all cases, however, except possibly for TOa, the local winds did occasionally
transport some pollution to these sites (Chen et al., 2015).

Within Manaus, site T1 was a tower in a forested section of the campus of the Na-
tional Institute of Amazonian Research. Site T1p was located at the military airport at
Ponta Pelada in Manaus. Site T2 consisted of a research container placed at a hotel
on the western edge of the Black River and just across the river from Manaus (J. Brito,
personal communication, 2015). It sampled the fresh Manaus pollution plume across
approximately 8 to 11 km of river width depending on the prevailing wind direction. Site
T3u was located on the regional campus of Amazonas State University in Manacapuru.

The most comprehensively instrumented site of GoAmazon2014/5 was T3. For
twenty-four months, a suite of containers representing the Atmospheric Radiation Mea-
surement (ARM) Climate Research Facility of the United States Department of Energy
operated at T3. This facility included the Mobile Facility One (AMF-1) and the Mobile
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Aerosol Observing System (MAOS), Feur additional containers of guestinstrumenta-
tion were-deployed during the two IOPs. The T3 site was located 70 km downwind
of Manaus, representing several hours of air travel time depending on the daily wind
speeds. It was a pasture site of 2.5km by 2km situated 2 km to the north of a lightly
traveled two-lane road (AM-070) that connects Manaus to Manacapuru. Manacapuru
was 10 km downwind of T3 to the southwest.

Two aircraft, a low-flying G-159 Gulfstream | (“G1”) (Schmid et al., 2014) that mostly
sampled the atmospheric boundary layer and low clouds and a high-flying Gulfstream
G550 (“HALQ”) (Wendisch et al., 2015) that mostly observed the free troposphere,
collected data during the two IOPs. The flight tracks of HALO appear in Wendisch
et al. (2015), constituting 14 research flights, mostly in the mid- and upper troposphere,
during IOP2. The domain of flights was across a large part of the Amazon basin. There
were two dedicated flights coordinated with the G aircraft, including for instrument
comparison. The G carried out 16 flights in IOP1 and 19 flights in IOP2, mostly in
the late morning and early afternoon (local time). Figure 2 shows all flight tracks of the
G{1. Figures S+and-S3 in the Supplement segregate the tracks by altitude. Other than
a few flight missions set up to sample background conditions, the flight tracks shown
in Fig. 2 represent a synopsis of the actual location of the Manaus pollution plume on
specific days. The flight tracks show that easterly winds carried the plume westward
over the rain forest. On a given day, flight plans were filed in early morning based on
boundary layer winds sampled by radiosondes as well as on the forecasted location of
the pollution plume. In some cases, adjustments to the flight plans were made during
flight once instrumentation had identified the actual location of the daily plume.

2.2 Climatology

In the middle of the Amazon basin, Manaus is situated in an attractive scientific location
because the full range of basin meteorology can be encountered. Cold fronts, which
typically occur in the southwest part of the basin (Rondonia), can reach further north
and affect the meteorology of the central part of the basin, most often in June and July.
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Squall lines, which are frequent in the eastern portion of the basin, also penetrate and
propagate from the South Atlantic to middle of the basin (Greco et al., 1990; Cohen
et al., 1995; Alcantara et al., 2011), often leading to late night or early morning pre-
cipitation in Manaus (Machado et al., 2004). Organized synoptic convective events are
most common at the start and the end of the wet season. These events are caused
in large part by a monsoon circulation that shifts the ITCZ southward over Manaus
and by squall lines that originate near the coast and propagate to the central region of
the basin. A consequence of these dual synoptic perturbations is that the number of
organized synoptic convective events per month is high in Manaus, around six during
March and three during October (Machado et al., 2004).

The cloud cover and rainfall around Manaus is lowest in July and August during the
central period of the dry season and highest in February and March in the midst of
the wet season. Although seasonal variation in convective available potential energy
(CAPE) is small, as is typical for rain forest close to the equator, rainfall in the wet
season is more continuous but less intense compared to the dry season. The transition
period between dry and wet seasons and the onset of the wet season are the time
periods of maximum intensity for convection. Little seasonal variation in CAPE yet large
variation in cloud cover and rainfall taken together imply that small perturbations in
large-scale circulation in this region can possibly drive dramatic changes in rainfall.

2.3 Air pollution sources in Metropolitan Manaus

Major sources of air pollution from Manaus include the vehicle fleet, power plants, and
industrial activities, all of which are increasing annually. The population of Manaus grew
from 1.5 million in 2004 to 2.0 million in 2014. By percentage Manaus was the fastest
growing major Brazilian city during this time period (IBGE, 2015). Manaus accounts for
80 % of the economic activity of the state of Amazonas.

In regard to the vehicle fleet, in December 2014 there were 622 675 vehicles reg-
istered in Manaus (DENATRAN, 2015). Outside of Manaus, there were an additional
133088 vehicles in the state of Amazonas. For comparison, ten years earlier (De-
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cember 2004), there were 242 893 registered vehicles in Manaus, meaning a 250 %
increase in the fleet from 2004 to 2014. In 2014, 255 758 registered vehicles used al-
cohol or gasoline, 281811 consumed gasoline only, 54 158 were powered by diesel,
and 30948 employed another fuel or were unclassified. There were 326 806 passen-
ger vehicles, 150 127 motorcycles, 91 099 pick-ups, 28 285 trucks, 10688 buses, and
15690 vehicles of other types.

Electricity in Manaus is largely produced by the combustion of fossil fuels. In 2013,
the power plants consumed 2.5 x 108 kg of fuel oil (providing 14 % of electricity pro-
duced), 1.3x10° m® of natural gas (55 %), and 6.1 x 10° L of diesel (31 %) (A. Medeiros,
personal communication, 2015). The nominal installed capacity was 1.5 GW for fossil
fuel power plants (Eletrobras, 2013). Figure-3-shews-the locations of the plants in the
urban region. The consumption of fossil fuels was complemented by a hydroelectric
power plant (250 MW), which has operated in Balbina to the north of the city since
1989. Following the inauguration in November 2009 of a gas pipeline (661 km) from
Urucu to Manaus and passing through Manacapuru, the fuel matrix for electricity pro-
duction has been shifting from a historical reliance on fuel oil and diesel to one having
an increasing fraction of natural gas.

center-in-the—region—(Fig—4)—In addition to Manaus, important but less consequentia
sources of air pollution include multiple small municipalities along the Amazon River
extending hundreds of kilometers to the east all the way to the South Atlantic. Be-
tween Manaus and T3, there are dozens of small brick factories (Fig. §). These facto-
ries nearly exclusively use wood to fire the kilns (B. Portela, personal communication,
2015). Site T2 was impacted by these factories when well-known daily patterns of lo-
cal river breezes transported air masses from the west (direction opposite to Manaus)
(G. Cirino, personal communication, 2015) (Silva Dias et al., 2004; Trebs et al., 2012;
dos Santos et al., 2014). With respect to T3, although the simulated wind trajectories
at times passed near and through the locations of these factories, elevated concentra-
tions of biomass burning tracers such as acetonitrile or levoglucosan were rare for the

30186

Jaded uoissnosiq

Jaded uoissnosiq

Jaded uoissnosiq

©)
do

Jaded uoissnosiq

ACPD
15, 30175-30210, 2015

Introduction:
GoAmazon2014/5

S. T. Martin et al.

Title Page
Abstract Introduction
Conclusions References

Tables

Figures

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion



http://www.atmos-chem-phys-discuss.net

http://www.atmos-chem-phys-discuss.net/15/30175/2015/acpd-15-30175-2015-print.pdf

http://www.atmos-chem-phys-discuss.net/15/30175/2015/acpd-15-30175-2015-discussion.html

http://creativecommons.org/licenses/by/3.0/

Scotmartin

Cross-Out



Scotmartin

Replacement Text

S5



Scotmartin

Cross-Out



Scotmartin

Replacement Text

T



Scotmartin

Inserted Text

 are shown in Fig. S4



Scotmartin

Inserted Text

sulfur-laden 



Scotmartin

Cross-Out





10

15

20

25

data sets of IOP1, suggesting that brick factory emissions did not have a significant
influence most of the time on measurements at T3 (S. de Sa, personal communica-
tion, 2015). With respect to background air entering the Manaus region, the pollution
from the small municipalities along the Amazon River as well as eastern coastal cities
can become important in the dry season because of prevailing easterly winds during
that season. Biomass burning also takes place throughout the basin, especially along
the eastern and southern edges of the forest during the dry season, and can be an
important source of regional pollution.

In 2001, the pollution plume from Manaus was characterized in transect flights by
Kuhn et al. (2010);—and-theseresults-in-part-motivated-the-GoAmazon2014/5-study.
At that time, the plume consisted of high concentrations of oxides of sulfur, oxides of
nitrogen, submicron aerosol particles, and soot, among other pollutants. Ozone was
produced by photochemical reactions in the plume (Trebs et al., 2012). The width of
the urban plume was 20 to 25 km, resembling the dimension of the city itself.

3 Mesoscale and synoptic meteorology during the Intensive
Operating Periods

3.1 I0P1

The mesoscale and synoptic meteorology is based on soundings as well as satel-
lite observations. The trade winds carried equatorial air of the South Atlantic into the
Amazon basin. Fourteen-day back trajectories, originating 100 m above Manaus, are
grouped together and shown in Fig. 6ga. Manaus (-3.1°) was typically in-the-airshed-of_
the Northern Hemisphere during IOP1 because of the southern positioning of the ITCZ
during this time period.

Time series of altitude profiles of winds and relative humidity based on soundings
launched at the T3 site, as well as a time series of regional rainfall based on re-
trievals from a radar at T3p, are presented in Fig. 4 Northeasterly winds prevailed
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in the atmospheric boundary layer of the Manaus region (Fig. a1 and a2). Regular
and strong precipitation events are apparent in the time series of daily rainfall amounts
(Fig. #a3). Deep tropospheric moistening because of regular large rain events is ap-
parent (Fig. %a4).

The precipitation climatology for 2000-2014 and the associated weather anomalies
are shown in Fig. 8g across a broad region of the Amazon basin in the wet season.
A band of high precipitation from the South Atlantic to the central region of the basin
accompanied squall lines that originated at the coast and propagated into the basin
(Fig. 8a1). The maximum runs along the ITCZ. The precipitation anomalies, meaning
the precipitation during the IOP compared to that of the fifteen-year climatology during
that same period, were positive along the general trajectory of winds from the ocean
coast to Manaus (Fig. 8a2). Positive anomalies were consistent with the discharges
of the Madeira River, the main southern tributary to the Amazon River, which were
74 % higher than normal. The maximum level (June) of the Black River at Manaus
in 2014 corresponded to the fifth highest during 113 years of record (Espinoza et al.,
2014). Figure 8a2 also suggests that regions of strong positive anomalies in rainfall
were associated with nearby regions of negative anomalies, suggesting an importance
of mesoscale circulations of various types (e.g., forest-pasture, river breeze, and to-
pography). On the synoptic scale, there was an intense warm anomaly in sea surface
temperature (SST) in the southern South Atlantic and a weaker cold anomaly in the
northern and equatorial South Atlantic (Fig. S3a). This anomaly in the SST gradient
drove moisture transport from the South Atlantic toward the southwestern region of the
Amazon basin. As a result, there was increased precipitation in the western part of the
basin.

3.2 10P2

During the dry season, the ITCZ shifted northward, and the Manaus region was irthe
airshed-of the Southern Hemisphere (Fig. §b). The trade winds carried air and moisture
from the South Atlantic to the middle of Amazon basin. Importantly (cf. Sect. 4), at times
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Was a recirculating pattern from the southern part into the middle section of South
America. In the central region of the Amazon basin, strong easterlies prevailed in the
surface boundary layer (Fig. Ab1 and b2). Compared to the wet season, rainfall was
lower and the free troposphere was drier (Fig. #b3 and b4). Notable moistening and
higher levels of rain occurred in the final ten days. Unlike IOP1, temperature anomalies
over the South Atlantic during IOP2 were no longer significant (Fig. S3b). A strong
warm anomaly was, however, present over the equatorial Pacific Ocean, corresponding
to an El Nifio development. The climatology of precipitation in the basin differs between
the wet and dry seasons in both magnitude and geographical distribution (Fig. 8a1
compared to Fig. 8b1). There is in general little rainfall in the eastern part of the basin
in the dry season, and in particular for 2014 the precipitation anomaly was overall
negative (Fig. 8b2), especially in September (not shown).

4 Regional and long-range transport of emissions during the Intensive
Operating Periods

The wet season is viewed as a clean time period for background air, except for the
episodic intrusions from Africa (Martin et al., 2010a). The dry season is sometimes
alternatively referred to as the biomass burning season. During times of continental
recirculation (cf. Sect. 3), biomass burning emissions from the southern edge of the
forest transported south and southeast across the Atlantic coast of Brazil could in part
return to the central Amazon. The backtrajectories in the dry season also passed re-
liably along the Amazon River, carrying the pollution of riparian communities and at
times of large cities in the coastal northeast of Brazil into the Manaus region.

Fire locations in the near-field of the Manaus region as well as in the far field of
South America are represented fereach-week-oHHOP1+-and1OP2-inFigs—9-and—10;
respeetively, Near-field fires represent upwind locations requiring on the order of one
day for transport to the Manaus region. Pollution from these fires can be expected
to have physical and chemical signatures of fresh emissions. Far-field fires represent
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upwind locations requiring several days or more for transport to the Manaus region.
The emission signatures by arrival into the Manaus region become significantly aged.
Fhe-two-figures-generally-showa low incidence of fires during the wet season (IOP1)
compared to a high incidence during the dry season (IOP2).
Concentrations and emissions of aerosol particles on a hemispheric scale arerepre-
senteeHn-Fig—H-byimaps of aerosol optical depth (AOD)fereach-week-ofthe-twolOPs.
_FerlOP1thepanels-of Fig—H-shew-thatthe-dustand biomass burning emissions from
equatorial Africa were transported episodically into the central Amazon, as explained
by the southern positioning of the ITCZ during this time period. By comparison, the
panels-show-that during IOP2 these emissions passed northward to the Caribbean, as
explained by the northward shift of the ITCZ during this time period. During IOP2, the
panels-confirm two regions of intense biomass burning. The first igithe central region of
South America, representing the burning edge of the Amazon rain forest and called the
“arc of deforestation”. Recirculation patterns for the dry season can transport a portion
of these emissions to the central part of the Amazon basin where Manaus is located.
The second region of biomass burning igjthe central part of Africa. Emissions from both
of these regions arrivg into the central region of the Amazon basin during IOP2, as can
be inferred by an overlay of the backtrajectories apparent in Fig. § and the emissions
and transport implied by the aerosol optical depth in Fig. +4; Although mass concen-
trations were greatly reduced during transport{ef—the-gradient-apparentinFig—1), the
subtlety is that the central Amazon represents quite clean baseline conditions so that
even relatively small amounts of imported emissions (compared to the source regions)
can have a regionally dominant effect compared to the otherwise clean receptor region.
In summary, the GoAmazon2014/5 Experiment focused on the complex interactions
among vegetation, atmospheric chemistry, and aerosol production and their connec-
tions to aerosols, clouds, and precipitation. It sought to understand how aerosol and
cloud life cycles were influenced by pollutant outflow from a large city in the tropical rain
forest, particularly the susceptibility of the biosphere and atmosphere to human activ-
ities, for a wide range of synoptic and environmental conditions. It was driven by the
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need to develop a knowledge base of data, processes, and mechanisms for inclusion in
models of different types and scales. The intended future legacy of GoAmazon2014/5
is that more accurate predictions (embedded in models) should be developed of how
the present-day functioning of energy, carbon, and chemical flows in the Amazon basin
might change, both due to external forcing on the basin from global climate change and
internal forcing from past and projected economic development in the basin. There can
be future changes in direct, semi-direct, and indirect radiative forcing, energy distribu-
tions, regional climate, ecosystem functioning, and feedbacks to global climate.

In conjunction with the Introduction presented herein, research results and findings
of GoAmazon2014/5 appear in the articles of this Special Issue. The Special Issue
is open for new submissions for three years. A series of three Overview articles is
planned for summarizing and synthesizing the findings of the papers of the Special
Issue. These planned Overviews encompass the ALC-GLEGC-CAPRL-anrdTES, objectives
of GoAmazon2014/5.

The Supplement related to this article is available online at
doi:10.5194/acpd-15-30175-2015-supplement.
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Googleearth

Image Landsat

Figure 1. Locations of GoAmazon2014/5 research sites in the environs of the city of Manaus
(-3.1°, —60.0°) in the state of Amazonas in the country of Brazil. Table 1 provides further
information on the labeled sites. Manaus is located at the confluence of the Black River (“Rio
Negro”) with the Solim&es River, which together form the Amazon River. ;The jnset shows the
location of the experimental domain within South America. For prevailing winds, Manaus is on
the order of 1200 (IOP1) to 1600 km (IOP2) from the South Atlanticy
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Figure 7. Time series of meteorological quantities during (a) IOP1 and (b) IOP2. (1) Altitude
profile over T3 of wind velocities from the east (negative values; “U” winds). (2) Same as panel
(1) but for wind velocities from the north (negative values; “I’” winds). (3) Area-averaged rain
rate in the Manaus region. Red circles indicate when the Gyl research aircraft flew a mission.
(4) Altitude profile of relative humidity over T3. Scale bar of panels (1) and (2) is at the top of the
figure. Scale bar for panel (4) is at the bottom of the figure. Data for wind and relative humidity
were collected by four daily radiosondes launched at T3. Precipitation rates were based on
measurements by an S-band radar operated by the Amazon Protection System (SIPAM) at
T1p for returns at a height of 2.5 km and within a range of 110 km. Other data sources: https:
/lwww.arm.gov/campaigns/amf2014goamazon, last access: 12 September 2015.
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Figure 8. (a) Mean accumulated precipitation from 2000 to 2014 throughout the Amazon basin
based on the Tropical Rainfall Measuring Mission (TRMM) satellite and the Multi-Satellite Pre-
cipitation Analysis (TMPA) product (version 7 of the “3B42” algorithm). () Anomaly of 2014
compared to the mean of 2000 to 2014. Results are shown for time periods of (3) IOP1 and
(2) IOP2. Source: ftp://meso-a.gsfc.nasa.gov/pub/trmmdocs/3B42_3B43_doc.pdf, last access:
12 September 2015.
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Figure 6. Satellite-based detection of fires on (top) regional scale and (bottom) on the scale of
South America. Left and right columns represent periods of IOP1 and IOP2,
respectively. On regional scale, each fire icon indicates the detection of one fire event
during the two-month observation period of each IOP. The yellow markers indicate
the locations of GoAmazon2014/5 research sites (cf. Figure 1). On the scale of South
America, the color scaling in red runs from 0 to 100 fire events detected ina 1° x 1°
grid box during the two-month observation period of each IOP. Some grid boxes have
more than 100 events. The green point represents the location of Manaus. Source:

http://www.dpi.inpe.br/proarco/bdqueimadas/, accessed 7 August 2015.
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