WB57F AEROSOL MISSION; REPORT

Summary

The WB57F Aerosol Mission was primarily designedo answerthe chemist'sfirst question:what is it
made of? This was addressednainly by the Particle Analysis by LaserMass SpectrometryPALMS)
instrument,which showedthat althoughsulfatewasthe mostabundantnion,it rarely occurredin pure
form as sulfuric acid. Organicswere common;abouta third of the individual particle massspectr.
containedmercury,iodine and organics.Meteoritic materialwas also evidentin the stratospherewith
sootbeingdetectedoth beneatrandabovethe tropical tropopausen aregionof recentiTCZ activity.
There is greatchemicalrichnessin the data, with 35 elementsdetectedto datein the stratospher
aerosol.Statisticsare expectedo be good,with the numberof particlesdetectedon a typical 6.3 houi
flight being7 000to 11 000.

Therewere sevenflights of 6+ hour durationfrom Houston(30°N, 95°W), four southandthreenorth
during April andMay 1998. Therearelong legs,somealongthe tropopauseat altitudesrangingfrom
13.5t0 19 km at latitudesfrom 9°N to 47°N. The threenorthboundflights all encounteredhigh PV air,
particularly that in April, and there are also lengthy sectionsof flight track in the upper tropica
troposphereCyclonic circulation associatedvith the Arctic vortex persistedat 70 mb until early June
with frequentpeel-off.

It is expectedthat therewill be a rich scientific returnfrom the FCAS Il, CNC, MASP, NMASS anc
ERAST patrticle sizing instruments;in addition there are measurementsf water, ozone, methane
chlorine monoxide and nitrous oxide. The data from the Microwave TemperatureProfiler look
exceptionallyinformativeaboutthe dynamicson certainflights.

WAM took placefrom Houston(29.7°N,95°W) during April andMay of 1998,usingthe NASA/USAF
aircraft#928.The payloadandflights follow.

Payload

Nose

PALMS:. Particle Analysis by Laser Mass Spectrometry. Pl: D M Murphy, NOAA/AL
PTW: PressureTemperaturé& Winds.Pl: T L ThompsonNOAA-AL

Pallet #1

CNC: CondensatiomNucleusCounter.PI: JC Wilson, University of Denver

FCAS II: Focussed Cavity Aerosol Spectrometer.Pl: J C Wilson, University of Denve

ERAST: Extended Range Aerosol Sizing Technique.Pl: C A Brock, University of Denve



NMASS. Nuclei Mode Aerosol Sizing Spectrometer.PI: C A Brock, University of Denve
Pallet # 2

Ozone 1: Dual beamozonephotometerPl: M H Proffitt, CIRES/NOAA-AL

Ozone 2: Dual beamozonephotometerPl: W T Rawlins,PSI

Methane:  Near infrared diode laser spectrometer.Pl: E C Richard, CIRES/NOAA-AL
Pallet # 3

ClO: Chlorinemonoxideby Cl resonancéluorescencePl: D W Toohey,UCI

Pallet # 4

N,O & CO: PI's:M T CoffeyandW G Mankin, NCAR

Right Spear Pod

Lyman-alpha Water: PI: K Kelly, NOAA-AL

MASP: Multi-angle Aerosol SpectrometeProbe: PI's: D Baumgardner& B W Gandrud,NCAR
MTP: Microwave Temperaturé°rofiler: Pl: M JMahoney JPL/Caltech

Right Underwing Hatch

TDL Water: Near infrared diode laser water vapor: Pl: R D May, JPL/Caltec

Catalogue of Flightsfrom Ellington Field (29.7N,95W)

19980409 6 hr cold soak: @ 50 000 ft to (17N,86W): return @ 60 000 ft. T .. = -83°C

19980411 6+ hr greatcircleto (46.5N,108W)@ 59000ft: 2 descents;eturnalongtropopause39 000ft
to 53 000ft: very largeArctic vortexfilament.

19980501 6+ hr greatcircleto (12.5N,95W)@ 47 000ft: returnalongtropopauseReceniTCZ activity
at southend,cirrus,carbonaerosol.

19980504 6+ hr greatcircle to (9.5N,95W) @ 54 000 ft: return @ 61 000 ft. Aerosol/cirrusevent
19980506 6+ hr greatcircle to (45N,88W) out along tropopausereturn @ 61 000 ft. High PV air.

19980507 6+ hr greatcircle to (35N,73W) @ 45 000 ft: return @ 61 000 ft. High PV air, flt aloncg
subtropicaljetstreambetweertropicalandmidlatitudetropopauses.



19980511 6+ hr greatcircleto (10.5N,95W) @ 50 000ft: return@ 61 000ft. Onehourof 157nmlase
on PALMS.

Most of theinstrumentsvorkedmostof thetime. Theflights sampleduppertropospheriair from 29°N
to 9°N, with legsalsoat thetropical tropopausendin the lower stratospheréo 62 000ft. Flightswere
madealong the midlatitudetropopauseand at altitudesto 62 000 ft; the tropopausewas followed to
within 200m usingMTP displaysin the cockpit.

PALMS took 7 000to 11 000 individual aerosolparticle massspectraon eachof the first six flights,
using 193 nm laserradiation.On the seventhflight thereis aboutone hour of datawith 157 nm lase
light. Thereis greatchemicalrichnessin the aerosolmassspectra;only preliminary qualitative first
impressionscan be conveyedhere. Sulfateis the mostabundantanion, but pure sulfuric acid aerosc
particlesare rare. Organicsare common,and can be distinguishedrom black carbonaerosol("soot")
About onethird of all particlesin the uppertropicaltroposphereontainednercury,iodineandorganics
with thefirst two alwaysappearingogether;theseparticleswerealsopresenin the lower stratospher
Meteoritic particlesare frequent,with Fe, Al, K, Mg, Cain ratiosandwith PV and altitude behavio
consistentith a sourceat altitudesabovethe aeroplaneactuallymesospherim all likelihood, followec
by vortex descentTherearespeciesadsorbedn to the sootparticles.Therewasclearevidenceof soo
from the Mexicanforestfires bothin the tropical uppertroposphereandlower stratosphereandin the
cirrus veil from therecentlyactive I TCZ. A total of 35 elementshavebeendetectedn the stratospher
aerosol;one particle had 20 elementsput suchchemicaldiversity is the exceptionratherthanthe rule

The MASP, CNC, FCAS Il, NMASS and ERAST data should provide an unprecedentedegreeof
particle sizing information; correlation betweenthesedata and the PALMS spectrashould be very
informative.

Simultaneousmeasuremendf ozone,water and methanealong the tropopauses expectedo provide
new insightsinto troposphere-stratospheegchangebothin the tropicsandat midlatitudes.During the
two flights madeby the JPL waterinstrumentthe comparisorwith the Lyman-alpharevealedhatwhile
both generally tracked the same features, there was an offset of significant magnitude

The Arctic vortexfilamentwaslargeenoughto generateats own dynamicalfeaturesandshowedunique
signaturesn the MTP data.The MTP alsoresolvedthe tropical tropopausevery well, and enabledthe
"tropopausdollowing” flights, usuallyto within 2700m altitude.

The ozonemixing ratioswere extremelyvariablein the midlatitudes,assuggestedby the PV mapsanc
the longevity of the Arctic vortex below 50 mb. Maximum mixing ratioswere 2 ppmv at about430 K
potentialtemperatureln the tropics,it wasoftenthe casethatthe ozonewasin the 100-200ppbvin the
uppertroposphere.

The abundancef the CIO wasgenerallylow; the maximumvaluesin first look preliminary datawere
about 50 pptv near midday in high PV air, but close to zero near the tropopaust

Methanevaluesrangedfrom vortex edgevaluesof aboutl ppmv at potentialtemperaturesf about43(
K to valuessomewhatunder2 ppmv in the tropospherethesevaluesare preliminary pendingfurthel
developmenbf theretrievalsoftware.



