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Scattering of solar radiation by aerosol particles is highly

dependent on relative humidity (RH). Hygroscopic particles

take up water and change in size and chemical composition

and hence, several key parameters (e.g., scattering coefficient,

backscattering coefficient, single scattering albedo and

asymmetry parameter) that are relevant to visibility

degradation and aerosol radiative forcing. Besides, it is of

crucial importance for the comparison between remote

sensing and ground based measurements.

With the rapid development of Chinese economy, the

Beijing, Tianjin, and Hebei area has become one of the

severely polluted areas in China. Severe anthropogenic

pollution would occur in the heating period and the frequency

of haze increases. In winter 2016, a number of haze alerts

were issued, of which the first haze red alert was from 17 to

22 December. In this study, we focus on the analysis of

aerosol optical properties and aerosol hygroscopicity and its

relationship to chemical composition, and try to understand

the characteristics of aerosols in the North China Plain during

this heavy pollution event.
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Acknowledgements
This work was supported by
• National Key Project of Ministry of Science and Technology of China (2016YFC0203305 and 2016YFC0203306);
• National Natural Science Foundation of China (41475118 �41675129);
• key project of CAMS (2016Z01�2017Z11);
• the CMA Innovation Team for Haze-fog Observation and Forecasts. 

Special(Thanks(to:(John(Ogren,(Patrick(Sheridan,(Anne(Jefferson,(Betsy(Andrews,(Derek(Hageman,(
Jim(Wendell(of(the(GMD(Aerosol(Group(for(their(help(and(suggestions.

40

60

80

100

re
la

tiv
e 

hu
m

id
ity

(%
)

(a)

0 2 4 6 8 10 12 14 16 18 20 22 240

400

800

1200

sc
at

te
rin

g 
co

ef
fic

ie
nt

(M
m

-1
)

Time(h)

 

 (b)
Dry Neph
Wet Neph

AerosolPhygroscopicity basedPonPscatteringPcoefficients,Pf(RH),P

wasPmeasuredPbyPaPhumidificationPmeasurementPsystem,PwhichP

consistsPofPtwoPnephelometersPandPaPhumidifierPoperatingPinP

series.PRHPrangesPfromP<40%PtoP~90%.PRHPsensorsPcalibration,P

nephelometerPcalibration,PzeroPtestPandPhumidificationPcyclePhaveP

beenPdonePbeforePthePmeasurements.

Instruments+and+Quality+control

The(humidification(measurement(system(was(developed(
through(cooperation(under(the(CMAGNOAA(Bilateral(Agreement

The$Relationship$of$f(RH)$and$Chemical$Composition$

!f(80%)Pincreases withPinorganic massPfraction,PbutPdecreases withPorganic massPfraction
!f(80%)PshowsPclearerPrelationPwithPnitratePfraction thanPsulfatePfraction

(a) and (c) colored by nitrate   (b) and (d) colored by sulfate

Introduction

GuchengPstationP(39°08′N,P115°40′E\P15.2PmP
a.s.l.),PwhichPisPlocatedPinPDingxing county,P
HebeiPProvince.PThePsitePisP approximatelyP
110PkmPsouthwestPofPBeijing,P130PkmP
southwestPofPTianjin,PandP35PkmPnortheastPofP
Baoding,PandPisPsurroundedPbyPfarmlandPandP
sporadicPvillages.

TimePseriesPofPtheP(a)PscatteringPenhancementPfactorPf(80%)PandP
backscatteringPenhancementPfactorPfb(80%),PandP(b)PpercentagePofP
massPconcentrationPofPaerosolPchemicalPcomposition.PTwoPperiodsP
arePdefined:Pperiod_1PfromP11:00PtoP19:00P(BeijingPTime)P18P
DecemberPandPperiod_2PfromP07:00PtoP15:00P20PDecemberP2016.

HistogramPofPf(80%,P550Pnm)PoverlaidPwithPthePGaussianP
curvesPbasedPonPthePstatisticsPforPf(80%,P450Pnm),Pf(80%,P550P
nm),PandPf(80%,700Pnm).

ThereParePsimilarPtrendsPforPf(80%)PandPfb(80%)PbutPwithPdifferentPmagnitudes.PThePf(80%)PrangedPfromP1.12PtoP
1.62PwithPanPaveragePofP1.29,PwhilePfb(80%)PvariedPfromP1.02PtoP1.24,PwithPanPaveragePofP1.10.PBothPf(80%)PandP
fb(80%)PshowedPaPdiurnalPpatternPthatPpeakedPinPthePlatePafternoonP(approximatelyP1400PLT),PespeciallyPduringPtheP
firstP3Pdays.PThe+humidograms in+period_2+increased+much+slowerPthanPthosePinPperiod_1.PThesePsuggestPthatPtheP
scatteringPenhancementPfactorPcouldPlargelyPvary,PdependentPonPthePaerosolPcomposition,PevenPduringPheavyP
pollutionPconditions,PalthoughPthePmassPfractionPofPsulfatePwasPquitePsimilar.P

Distribution$of$f(80%)$at$different$wavelengths

OnlyP~2%PshiftPtoP
higherPf(80%)Pvalues
withPaPlargerPstandardP
deviationPwasP
observedPasPtheP
wavelengthPincreased,P
whichPisPsimilarPforPtheP
backscatterP
enhancementPfactors.P
Therefore,PonlyPslightP
spectralPdependencyPofP
f(RH)PwasPobservedP
duringPthePredbalertP
period.

Humidograms ofPthePscatteringPenhancementP
factorPvs.PRHPduringPperiod_1PandPperiod_2.

Period_1

Period_2

MassPfractionPofPthePaerosolPchemicalP
compositionPduringPperiod_1PandPperiod_2.


