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| mportance of Aerosols

Indirect Forcing Direct Forcing

CarbonDioxide Forcing Total Forcing

Climate forcing predicted from the Lawrence Livermore National Laboratory
Global Aerosol Model [Catherine C. Chuang and Joyce E. Penner].



Direct Aerosol Forcing

Forest firesin CanadaonJune 10, 1997



NOAA Aerosol Networ k

* Mauna L oa

* Samoa

* South Pole



Mauna Loa Observatory (ML O)
Aerosol System Upgrade

Motivation: Newinstrumentaibn thatises smilar protocols
as othe NOAA stations

Bondulle, Ilinos Lamont, Oklahoma Barrow, Alaska



Aerosol Sampling System
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1 and 10nm Size Cuts
Relative Humidity Control LessThan 40%



Aerosol | nstrumentation

* Condensation Nucleus Counter —CN
* Particle Soot Absorption Photometer —s
* 3 Wavelength Nephelometer—sbsp,sbbsp



Particle Soot Absorption Photometer
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Detectors

* Principle of operationisto measire the dnange in light transmisson
throughafil ter on which particlesare coll ected.

* Calibration wses aeference dsorption determined asthe difference
between light extinction and light scattering.

* |nstrument exhibits asignificant regponseto nonabsorbing aerosols and
overestimates asorption die to suspended particlesby about 20-30%.



| ntegrating Nephelometer

TSI 3563 Nephelometer schematic courtesy of TSI Incorporated

- The Nephelometer detects ae€osol scattering bymeagiring total light
scattered and subtrading light scattered bythe ar, the instrument
wall s and the detector background roise

- Calibrationis dore by measiring two reference gaseswith know
scattering values typically air and CO..

- The nephelometer measiresfrom 7-170° scatting angles and the
badksctter shutter all ows blocking of anglesfrom 7-9(r.
Measirements ae arrected to the 0-18( and 0-9C° range.



M easured and Derived Par ameters

Size andrelative humidity (<40%) controlled measurements:

S sp” Aerosol total Ight scatteringcodfficiert at 45Q 55Q and700nmwavelendhs
S bsp Aerosol heamispheic back satteringcodficiert at 45Q 55Q and7 rMmwavelendhs

S ap — Aerosol ight absorptioncoéficiert at 550 mwavelengh

From thesemeasirements, the following parameters are derived:
W, — Aerosal sinde-scatteringalbedq(ratio of tal scatteringto total extinction @550 m)

D — Hemispheic backscatter fraction(usedin déermining anglar dependece d scttering
a— Angstrom exponeh(desaibes thewavelendh-dependese d light scattering)

DF/d — Direct agrosol radative forcing éficiercy (assesses theimpatarce d both v, andb on
top dthe atmospheae a&osol radative forcingcalculations)



Direct Radiative Forcing Efficiency
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Source: Haywood and Shine (1995)



Aerosol Data Quality

* Daly auomatedgeneraionard review of quldy ontrol plots
* Weedly editing of datby daion scientist
* Yealy auomated genaatonandreview ofqudity assurance

webpages



Typesof Aerosol Variability
Regional Variability

Change from placeto place onthe eath

Verticd Variability
Change with height abovethe eath’s surface

Tempora Variability

Systematic changswith thetime d day or season

Systematic Relationships

Change with the concatration d paticles



Seasonal and Regional Variability

Hourly Averages | =550 nm, D<10 nm, RH<40%



Vertical Variability

104 flights (March 25 + December 31, 2000)
Values are ajusted to STP, | =550 m, D <1 mm, RH < 40%



Annual Cycle of Single-scattering
Albedo at Bondville, Illinois

Hourly Averages, | =550 rm, D<10 nm, RH<40%



Annual Cycle of Backscatt er
Fraction at Bondvill e, Illinois

Hourly Averages, | =550 rm, D<10 nm, RH<40%



Annual Cycle of Forcing Efficiency
at Bonadvill e, lllinois

Hourly Averages, | =550 rm, D<10 nm, RH<40%



We&kly Cycle of Forcing Efficiency
at Bondvill e, [llinois

Hourly Averages, | =550 rm, D<10 nm, RH<40%



Daily Cycle of Forcing Efficiency
at Bonadvill e, lllinois

Hourly Averages, | =550 rm, D<10 nm, RH<40%



Radiative Forcing Efficiency
Frequency Distributions

Results for D, < 10 nm and RH < 40% for one Arctic (BRW),
one marine (WSA), and two continental (SGP, BND) sites.



Mean Light Absorption Coefficient (Mm')
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Mean Hemispheric Backscatter Fraction
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Conclusions

| Averageaerosol alsorptionis 10times larger and
avaageaerosol scateringisb5timeslarger in
Bondulle, Illinasthanin Barrow, Alaska.

| Variation in single-scattering albedoand hemisphaic
backscatter fradion canbineto gve £10% variations
In monthly medianforcing dficiencyand a*4%
variation amongstation median vaues.

| Regonal andseasond variations in a&osol propaties
andsystematic relationships amongaeaosol properties
can bamportarn for apgdicaions tha use
“climatological” averages.



Dust Event at Mauna L oa
Observatory on April 18, 2000



