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RESULTS AND DISCUSSION

AMS concentrations at all sites for three cloud events

FCE11.2 FCE11.3 FCE133

) | f\ 3 ) - Intercomparison of AMS concentrations with Berner impactor PM1.2 data showed
2 N\j RN | 2 . larger discrepancies at downwind site, especially for ammonium and nitrate (factor 1.8
f-~ N AN Tnn | g;:_ W - ‘xwmﬁ\ A o 2 Wk ! different on average, not shown)
S e ”“”‘1”3"’“"”“ e | “‘*;;;«;;*0;:;;:;;3;0- T T T R e T 1= > To ensure comparability of AMS datasets, the impactor measurements were used as
- e BT L e R e e S reference and the AMS downwind data was scaled to have same mean Berner/AMS
Sl ||, yanni) ) g ratio as at upwind site

”\w /’\/\ | LAY W | - Fig. 2 shows time series of main AMS compounds for three longer FCEs (11.2, 11.3,
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- Usually upwind conc. > downwind conc., in-cloud conc. often somewhere in between

Fig. 2: AMS concentrations at 3 sites: upwind (Goldlauter, gl), in-cloud interstitial (Schmicke, int_ sm), in-
cloud droplet residuals (cvi_sm), in-cloud total (int+cvi, tot sm), downwind (Gehlberg, gb).
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AMS mass fractions upwind — downwind for three cloud events
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Fig. 3: Berner (left) and AMS (right) total PM concentrations upwind o e e e spwind
versus downwind for all FCEs and NCEs. All data in yig m. Fig. 4: AMS mass fractions (fraction of compound to total AMS mass upwind versus downwind

- Downwind concentration decrease seen only during FCEs (Fig. 3). During -
reference NCEs (connected air flow, no hill cap cloud) concentrations at -
the two sites agree reasonably well.

- Physical loss processes during cloud events, e.g. by droplet scavenging
by trees and/or entrainment of cleaner air masses from aloft
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Mass fractions can indicate chemical modifications on a relative scale

Fig. 3 shows scatter plots of main AMS components mass fractions upwind versus downwind for three
longer FCEs (11.2, 11.3, 13.3)

- sometimes only slight changes (FCE11.3), sometimes sulfate and/or organics strongly increased
downwind (FCE11.2, FCE13.3)

Berner and AMS downwind mass addition during all cloud events scaled by different ,,conservative“ tracers

. . . . . ammonlum mtrate
Smonium - Scaling the downwind site by a conservative tracer (chemically ST MR - e e I an I
o I i cog = SIRRERY fiEEEEE inert, physical losses similar to compound of interest) can reveal oo R * - o * Z’i;‘:* + h
%| SoMIRREE BWNERNT | N I p] et whether cloud passage has added mass to pre-existing o * * o ﬁ ﬁ +++* _;’;‘;: = —.h* oo *+
g-(”_ 7FCE11I -7I F-CE-11-2- .7I F-CE-11-3- -1.5|I7I FICEI13I3I l 7FCE221 Oloo_lz IF;;1I+2I (upWind) partiCIeS & I I-lCE7.I1 FCE112 o FCE11.3 l I FICE13j3 I e FCE7.1 o T FICE11.72 . FCE11.3 l FCE133
o I - o T I - As the ideal conservative tracer is not available, several ones %, - | . o bos oml L ;e
8215: | g u= g . L M I Z:ii_ A were used for impactor (NH,*, mass, K*, EC, Ca?*) and AMS gﬁ +*_._ _ ++$ i ++'I' g* M= -0-** -0-++ . -1-*-1-
T A | scaling (NH,*, number conc. of small particles with D,=25-49  f... = ° 2T T gl e TS S R i
6, FCE1.1 | 6 FCE11.2 6, FCE11.3  6,FCE13.3 | 6 FCE22.1 | 6, FCE26.1+2 FCE22.0 l FCE22.1 l FCE24.0 . FCE26.1+2 FCE22.0 | FCE22.1 FCE24.0 . FCE26.1+2
0.2 1.2- — 0.6 nm BC) . 15- 1.5 . 5 : 4 3 4 .
I > 0.8- . T ol 12 . . 1 * |10 i 1.0- —t ; 2- i 7] + ] 3-
;II IR I . o2 Balll | ... - Fig. 5 shows results for some compounds from impactor o B mm + + - e, e ] _1_* - ++ . :
902 - 2- 0.0 ol . . o sl L 5 g - : bl 1- N :
R nena e oo MR, ESSEE ool o gl measurements: All tracers indicate mass addition of sulfate and + L oo- == — o + iy g ++ o- - =
. I e Be ] _°j|"‘" I wiEEE: OC at least during FCE11.3 and FCE22.1in the order of approx. st
) go-o-l- ! S ull - I WiBRE 0.2 - 0.4 uyg m3 . Similarly, oxalate increases during FCE11.2 emmee i Ceanr bennns Py Pam i P
ol T M A and FCE22.1 in the order of 5 — 50 ng m™? ¢*+— *ﬁj‘; - os- * i - * + i ‘ — :
o I L I_._ g;;‘ e e . AMS data (Fig. 6) usually similar to impactor data. Several oM TP T T _2:2 #'F * | * o -H' *-&-— *"'#+
& II I I o o2 III o events exist where all parameters indicate mass addition. - ez s R T s | s
:zj ,,,,,,,,,,,, ZZ—II ST g;l ,,,,, R _ . \%’0_0- * : 1- ﬁ ; N .f. \9‘:05' _ + f 15
" % _l 7, FCE1.1 | 7,FCE11.2 | 7,FCE11.3 J 7, FCE13.3 7, FCE22.1 | 7, FCE26.1+2 2 | ** 1 + 0.0- ++ ° ol ﬁ+ 257 * + 107 4
3 0.0 - 192- 064 §-o.z o | 0- ! + 3 -0.5- 0.0 5-
e CONCLUSIONS e T .+ R Y
n :2_:: z::_lll -0.5- Z:z'l I Zj-.-l s ; s - . 5 FCE22.0 FCE22.1 l FCE24.0 - 4_[ FCE26.1+2 ; FCE22.0 2 FCE22.1 FCE24.0 3[ FCE26.1+2 .
A e e e = - Hil cap cloud used as a natural flow through reactor during ;j ++ - * # . oy _;_++ *++ : ﬁ+ o +
s %" : " 12: I ?gg: 20~ o—l-.- 5- . 30 HCCT‘201O -1- 0_-+* o.o-++ ;:-‘-_‘_** 0' o ‘*T -1—',-'l'+
o & O mm | 0- - -20- m 20~ -2+ i S S J—— —r '2' —_— 2
« 2 E 5- I 128— _Ill 407 0_I 107
n » .:‘ . \%'10' 0- -._- ® :Zg: 57 18:---_ . . . Parameter used for none B8 ammonium B3 N25-49 B BC Parameter used for none B8 ammonium B8 N25-49 B8 BC
chedy e 1 o T EEETE WEEDN SRS WSS - Physical mass losses during cloud events challenge a direct e o o ore W ariorn 85 st used o 8o 8 o 812545
. e g I o [l e | I T : observation of chemical modifications after cloud passage Fig. 6: Box-plots of AMS mass additions (Cy,,,,, - C,pw) fOr measured data
s o ¢ g -25- 100- 0- -~ o o- . . o o
n . I el |" LBEES = [aRE ||| | - | - - | | (red) and data scaled using different continuously measured ,,conservative*
R - Mass fractions indicate modified relative chemical tracers.
. ";00 :‘;Q- . gg\:vnr?xil:\r:jdnuoiﬁam;tim:.”One..ammonium.mass.potassium EC. .calcium : CompOSition REFERENCES AND FUNDING
: *+.%, . Fig. 5: Berner downwind mass additions !
se ‘“‘ . l‘ _ : _ 0 _ 0 (11 = 1) .
¢2%.4  (Cdownw. - Cupw) for measured data (red) and 1 - Using best-available “conservative® tracers to correct for Mertes et al., 2005, Atmos. Environ. 39(23-24), 4233-4245
:» & %' data scaled using different ,,conservative* . physical losses results in several cloud events where mass _ _
Ve ” ) PO . Tilgner et al., 2013, submitted to ACPD
N :.:;?;;,f tracers measured from the same impactor iIncreases after cloud passage in the order of several tenths ! ’
*.:.‘::w‘z..‘:;‘ samples. § of ug m=3 are observed for sulfate, organics and sometimes Funding by German Research Foundation (DFG),
(A .““. - ! 5 )
i ; nitrate. -+ Bonn, Germany
*"‘. "- {
s P N -
s ".." ‘&‘,:. ".'f-qt‘v.'v' ,“:: g " q."ln ‘ ey "* Y YT e --.‘- - ?.08"'.{ J:‘ i s .;"‘.' * 0"".' V:‘.'.‘:';'" '.‘- "‘ I A s .‘.“' .‘l.' .
;gt‘ t;.‘,;." ‘.:..:‘ ’.‘}i s'{ ‘::!‘;’-n‘:c‘;";c ;0., ,i . ‘.-*03 :‘;t‘.? i#";“'. ’-&:5“\: {‘ . ‘:’. é{:‘::‘;-;“‘. ‘:?{: -" .:‘.. . f::_ a'.’. . -:: :‘0 . o *ae W L .
DV MANA A T R T ICN R T O 2n2 TY  E O g AT R PRI D WLF PT R ST T MR E R AR I I .




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2552.315 3456.000]
>> setpagedevice


