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%8V  Q)AG(?BHG)4A'(4NIN331&T$IN  (6@14*A('I*G*(;!
%$A |
aircraft GPSlatitude deg +16m
position GPSlongitude deg +16m
GPSaltitude m +16m
pressure altitude m +10m
radaraltitude above gyund m +15m or 2%
aircraft ambient temperature deg C +0.5C
meteorology dew point temperature deg C +0.5C
TDL dew point temperature deg C 5%
H,O mixing ratic o/kg 5%
potential temperature deg K +0.5K
relative humidity % +5%
static pressure mb +2.2mb
vertical wind speed m/s +0.5m/s
wind direction deg 5 deg
wind speal m/s 1m/s
aircraft attack angle deg +0.2 deg
miscellaneous cabin pressure mb N/A
ground speed m/s +3.4m/s
heading deg +0.5 deg
pitch angle deg +0.05 deg
roll angle deg +0.05 deg
slip angle deg +0.2 deg
trueair speed m/s +0.5 m/s
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%% Q)AG(=B1Y<G!4*F(1\G16);IW6(IG<*1"331&: T$9!4'>G 1I*WCIG<E HU!]H!
%005 |

5/29 Wednesday Testflight in Florida biogenic
Jacksonville urban
St John's River power plant
5/31 Friday Testflight in Florida biogenic
Jacksonville urban
St John's River power plant
6/03 Monday Trander Tampa tcSmyrna
Birmingham urban
EC Gaston, Johnsonville, Cumberland, Colbe power plant
Centreville spiral coal mine
6/11 Tuesday Centreville
Birmingham west to east urban
EC Gaston power plant
6/12 Wednesday Atlanta west to east urban
Scherer, Bowernyates, Wansley, Harlee Branc power plant
6/16 Sunday Atlanta southwest to northeast on weekenc urban
Scherer, Bowen, Yates, Wansley, Harlee Brai power plant
paper mills, landfills point sources
poultry farming agriculture
6/18 Tuesday Aborted fight, circled over Franklin
6/22 Saturday Birmingham and Atlanta west to east urban
Centreville
EC Gaston power plant
coal mines, land fills, paper mills point sources
6/23 Sunday Indianapolis urban
biogenic/landscape emission change biogenic
Johnsonville, Cumberland power plant
6/29 Saturday Centreville
C-130 intercomparison
Birmingham urban
James H Miller JrEC Gaston power plant
7105 Friday Ozarks biogenic
St Louis urban
Archer Daniels Midland biofuel refinery point source
7110 Wednesday Trander flight Smyrnato Tampa

%%000 !
%%B !
%%l

coal mines, paper mill
hog farming

point sources
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6/19

Wednesday

Atlanta day into n

ight urban

Missed approaches
step profile in aged Atlanta plume

7/02

Tuesday

Birmingham north to south urban

Centreville

JH Miller, EC Gaston, Gorgas, US Steel, Greene Cou  power plants

7/03

Wednesday

New Madrid, White
agricultural fire

Bluff power plants
biomass burnin
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6/10 Monday Haynesville

6/25 Tuesday Haynesville

6/26 Wednesday Fayetteville Biogenics in Ozarks
Independence power plant

7/06 Saturday Marcellus

7/08 Monday Fayetteville New Madrid power plant
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%BL Q)AG(| B3*(6;6C!1);G(7J*)G'G16)!6)|G<*1"331&:T$9147(1)Y!HUIU
%BQ !

Low turbulencenlet LTI: decelerating inlet to N/A N/A N/A (Wilson et al.,
provide sample air to aerosol 2004
instruments in fuselage
Size distributions fine  parallel CPCs, and whitnd 1s (Brock et al.,
(0.0041um) and coarse laser light scattering 201% Brock
(1-8.3um) et al., 2000
Cloud condensation CCN: Continuouslow 10% 10 CCN cn? 30-60s (Lance et al.,
nuclei CCN) and streamwise thermajradient 0.04% 2006 Roberts
supersaturation CCN counter with scanning super and Nenes,
flow CCN analysis saturation 2005
8 cell optical extinction CRD: Cavityringdown arosol <2% 10%0.1 Mn* 1s (Langridge et
(dry 405, 532, 662nm, extinction spectrometer al., 2012}

70% and 9% RH
532nm,thermodenuded
405 and 662nin

5 cell optical absorptior PAS: Photoacoustic Absorptio 10 % 1 Mm* 1s (Lack et al.,
(dry 405, 532, 662nm, Spectrometer 2012
thermodenuded05nm
and 662nm
Refractory BC mass SP2: SingleParticle Soot 30% 0.5 fg (0.08 m 1s (Schwarz et
content of individual  Photometewith laserinduced massequiv. al., 2008
particles incandescence diameter with 2 Schwarz et
g/cc density) al., 2010
Nonrefractory, AMS: Aerosol Mass 50% 0.05, 0.07, 024, 10s (Bahreini et
submicron sulfate, Spectrometer 0.36 and 005 al., 2009
nitrate, ammonium, 1 gsm?
organicandchloride (study average)
massconcentrations
Cloud particle size Cloud probest.aser light 1s (Lance et al.,
distribution (0.650! m) forward and back scattering 2010
(3-50! m) Laser light forward scattering
(50-6000 m) Droplet imaging probe
%BYV !
%BA
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%L1 !
CH, wavelengthscanned cavity 0.07 ppm 0.11 ppm 1s (Peischl et al.,
(6{0 ring-down absorption 1 ppb 0.4 ppb 2012
spectroscopy
CO vacuum UV resonance 5% 0.5ppb 1s (Holloway et al.,
fluorescence 2000
SO, pulsed UV fluorescence 20% 250ppt 1s (Ryerson et al.,
1999
NO Gas phase 3% 10ppt 1s (Pollack et al.,
NO, chemiluminescence 4% 30ppt 201Q Ryerson et
NO, 12% 40ppt al., 1998 Ryerson
O, 2% 15ppt et al., 1999
various VOCs PTRMS: proton transfer 25% depending 1severy 17s  (de Gouw and
reaction mass spectromete on signal Warneke, 200y
using HO" as reagent ion and species
hydrocarbons, IWAS: wholeair sampler 12-20% 4-7ppt 72/flight (Gilman et al.,
oxygenated with immediateGC-MS % ppt (3-8s) 2009 Lerner et al.,
VOCs analyss % ppt 2015
HNO, HNO,-CIMS: chemical 20%+50ppt 25 ppt 1s (Neuman et al.,
HCOOH ionizationmassspectrometer 20%+120ppt 40 ppt 2002 Neuman et
HONO with das reagent ion 40%+30 ppt 25 ppt al., 2003
NH, NH;-CIMS: chemical 25%+(0.02 0.02-0.07 1s (Neuman et al.,
ionizationmassspectrometer 0.5) ppb ppb 2003 Nowak et al.,
with protonated acetone (depending on (depending 2007
dimers as reagent ion flight) on flight)
PAN PAN-CIMS: chemical 0.04-0.05ppb 0.01ppb 2s (Osthoff et al.,
PPN ionization mass spectrometr 0.04-0.1ppb 0.003ppb 2008 Slusher et al..
APAN with |- as reagent ion 0.01-0.02ppb  0.006ppb 2004 Zheng et al.,
CINO, 0.01-0.02ppb 0.02ppb 2011
various UW HR-ToF-CIMS: 50% depending 1s (Lee etal., 2014
oxygenated chemicalionizationmass on signal
VOCs spectrometewith I” as and species
CINO, reagent ion
N,O5
alkyl nitrates
glyoxal ACES: cavity enhanced 5.8% 34 pptv 10s (Min et al., 2015
NO, absorptionspectroscopy 5% 80 ppt 5s Washenfelder et
al., 2013
NO CRDS: cavity ringdown 5% 1 ppbv 1s (Dube et al., 2006
NO, absorption spectrometer 5% 0.2 ppbv Wagner et al.,
O, 10% 0.2 ppbv 2011
NO, 20% 3 pptv
N,Os 12% 3 pptv
HCHO In Situ Airborne 10% 36ppt 1s (Cazorla et al.,
Formaldehyde (ISAFE)aser 2015 DiGangi et
inducedfluorescence al., 2011 Hottle et
al., 2009
jnoz @nd pip j-headsfilter radiometers 10% 1s
%L#
%L$



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2015-388, 2016

Manuscript under review for journal Atmos. Meas. Tech.
Published: 20 January 2016
¢ Author(s) 2016. CC-BY 3.0 License.

(@MO]

= BY

%L% L*0&%(#B,

Atmospheric
Measurement
Techniques

Discussions

$S920y uadQ

NO,, N0, NO, NO,, O,

%LB !
%Ll !
Aerosol low
turbulence
inlet (LT1)
CRD; PAS = C"’t':d
UHSAS RIS
%L@
LY |

%LA  L*0&9%(,2B'33!1&:T$ 9!' L(F(WGEFG7(*.\N>C6'44! C-67GI0<*\<6G6!8';IG'+*)147(1)Y!
%QR G<*1)GTF6JI\(1;6)!WC1Y<G!81G<IG<*I,3BRID>IK>))*5('G[ -!

%Q! !
%Q¥ | !

#k

EGU



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2015-388, 2016 Atmospheric
Manuscript under review for journal Atmos. Meas. Tech. Measurement
Published: 20 January 2016 Techniques
¢ Author(s) 2016. CC-BY 3.0 License. T Discussions

=& B :
42— + * » i AR
.' ™ A
. _‘ § IRREE Marcellus
L8 PR . e
401 = PN 7
s \Indianapolis” ‘ N ;_"‘
38 - .. : St. L;)uisz ) " f ‘\‘ 2:'
5 i Ly
36 ’ " Fayetteville Nashvillg S . ; i \
. chicken f‘ai'ms 5 i A
B e o ; > /
2 . hog farms
e 6 | Birmingha SHAtlanta . )
; = o : Centreville >
32 4 VEX \ s
Haynesville "~ * ’ ;'
. . : - gas wells
3 ® power plants
® paper mills
® bio refineries
® coal mines
e ® landfills
—— daytime flight .
28 — —— nighttime flight v e
—— shale gas flight ] .
/-\.'.
I I I I I I I I I I
%Q$ -94 -92 -90 -88 86 -84 82 80 -78 76 I
%Q% !
%QB L*0&%(,=B331& T $INMELY<G!G(M¥(14'>GI*.1)1Y<GG1I*!)41:<'CHY WCI1Y4T1)Y!
%QL  HUIUA-0<*1J'(+*(1;1[*IW6(IG<*\68*(\C')G;!1;IG<*1))7'C IY(6;;1C6'4.]WB(IG<*\'\*(1J1CC;!
%QR G<*F\F1G>.IW6(IG<*ID16!(*W1)*(1*;|G<*ID BARHELR].IW6(IG<*IF6'CII1)*IG<HI*G<')*!
%QV  *J1;:16);.IN4IW6(IG<*IC)4IWI1CC;IG<*II*G<")*1*J1;;16)
%QA ! !



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2015-388, 2016 Atmospheric

Manuscript under review for journal Atmos. Meas. Tech. Measurement
Published: 20 January 2016 Techniques
¢ Author(s) 2016. CC-BY 3.0 License. Discussions

100 1 1 1 1
— PCL
10 - — CRDS L

NO, (ppbv)

:g
o 60 =
g
S 40 -
20 -
T T T T T T
16:00 18:00 20:00 22:00
6/16/13
100 bl il vl vl YN I I R R
?:DOS ;;' Pc E 100 R*=0.96 .
10 _: intercept=0.034| L :;(t)zr:_egt;zz 8 -
3 |slope=0.94 E 80 -t

+* | ACES vs. P-CL

T
03 CRDS (ppbv)
(2]
o
1

0.1 4 R%=0.93 E
int t=-0.016|F
1 Isr;o;recfg.so r 20 AL
0.01 - AL B S L B S
0.01 0.1 1 10 100 20 40 60 80 100
%VR NO, P-CL (ppbv) 03 P-CL (ppbv) ’
%V

%VE#  L*0&%(,@B #IG*TF6I\(1;6)! D*G8*)!:T K.1,29 HIN413,UH!I1);G(7J%)G;!")4!6[6)*!
%V$ 1)G*TFE6JIV(1;6)ID*G8*):T KIN41,29H -I

%V% |

%VB | ,

##



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2015-388, 2016
Manuscript under review for journal Atmos. Meas. Tech.
Published: 20 January 2016

¢ Author(s) 2016. CC-BY 3.0 License.

%VL
%VOQ
%VV
%VA
%AR

L*0&%(,HBG*(TF6I\'(1;6)! D*G8**)1:0? T/H!')4!1&3H g5,/H -!
!

isoprene (ppbv)

GC-MS (ppbv)

16:00
6/29/|1 3

2 isoprene MVK+MACR
R'-087| [ R*-0.94 B
s=1.08 s=1.45

0 T T T

0 2 4 6 6
1.5 1 1 1 1 ! T
1.0 -
benzene : toluene
1.09  |-o00s / | RZ_M/'/
s=0.75 5=0.84
0.5 | 0.5
0.0- r— 0.0- = * T
0.0 0.5 1.0 1:5 0.0 0:5 1.0
1 I 1 1 1 1
40+ methanol / I 2 / -

2 -
R?-0.78
$=0.69 /

20
PTR-MS (ppbv)

10
8-
6
4
24
0

acetone
R°=0.62

s=1.15 r

2 4 6 8

PTR-MS (ppbv)

(wyy) apmnje

Atmospheric
Measurement
Techniques

Discussions

#$



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2015-388, 2016 Atmospheric
Manuscript under review for journal Atmos. Meas. Tech. Measurement
Published: 20 January 2016 Techniques
¢ Author(s) 2016. CC-BY 3.0 License. T Riemiecinme

Discussions

r; Q
2 =
g =
>k [oN
ja = ()
o ~
S 5
I B N
—— UW HR-ToF-CIMS
—— HNO,-CIMS
0 T T T T T T T T O
16:00 18:00 20:00 22:00
6/23/13
'l 2 1 L 1 " 1 " 1 " | ' | ' 1
HCOOH
104 |R*=0.80 B

slope=1.03
intercept=-0.38

UW HR-ToF-CIMS (ppbv)
[¢)]
1

04

T

T T T T T T T T T
0 2 4 6 8 10 12
%A1 HNO3-CIMS (ppbv)

%A
%AS$  L*0&%(,IBV,MMI1)G*(TFEI\'(1;6)!D *G8*)IG<*IMI* sTO/H!)4IG<*1]& IM?D6=TO/H !

%A% "'GLI**(1*IWE (' *CHRFG*4IWCLY <G4 F' GEBOREIF6CH6('F64*11)!G<*; F'GG*(\C6G!

%AB 1)41F'G*C@G<*11)41@147'CIWCLY<G;-I0<*!DC'F+!C1)*I1;I'"W1G!7;1)YI'CCIG<*I4'G'IG<*IY (*>IC]
%AL W6(11)41@147IGNEBLG<!IG<*I<1Y<*;GI6(IC68*;G!;CH\*.I(*;\* FG1@*C>

%AQ |

%AV ! ,



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2015-388, 2016
Manuscript under review for journal Atmos. Meas. Tech.
Published: 20 January 2016

¢ Author(s) 2016. CC-BY 3.0 License.

%AA
BRR

BR"

BR$
BR%

N,05 (ppbv)

CINO, (ppbv)

UW HR-ToF-CIMS (ppbv)

—— UW HR-ToF-CIMS
— CRDS

—— UW HR-ToF-CIMS
—— PAN-CIMS

CINO,

R°=0.74
slope=1.12
interc.=0

0.25 0.50
PAN-CIMS (ppbv)

(w>y) spminje

(wp) spmnje

N2Os

2
1.5 4|R =0.92
slope=0.91

UW HR-ToF-CIMS (ppbv)
o
1

interc.=-0.001}

0.0 1.0
CRDS (ppbv)

Atmospheric
Measurement
Techniques

Discussions

L*0&%(,JBG*(TF6JI\'(1;6)!D*G8**)IG<*]& IM?T6=TO/H I6W!" slI81G<!,79H!"4!,CI"
BR# 81G<IG<*:3ITO/H!IGLI**(1%! 4! FGG*(I\COVE(IGFY<GGLWICLY <@y C#R"$-!

#B



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2015-388, 2016 Atmospheric

Manuscript under review for journal Atmos. Meas. Tech. Measurement
Published: 20 January 2016 Techniques
¢ Author(s) 2016. CC-BY 3.0 License. Discussions

©
o

R°=0.99
offset=-0.05
slope=0.89

2]
o
1

40

fitw NO3
—— fit w/o NO3

20+

® NO,sum measured
+ NOy with AMS NO3

. . ; : . =
0 20 40 60 80
NO, measured (ppbv)

NO+NO,+APAN+PAN+PPN-+HNO3+NO3+2*N,05
+AMS NO3 (ppbv)

4 . L L | . | .
I} ® NO, sum measured “
E + NO, with AMS NO; . 5 »
i a1 a8 ° o % |
S3 R°=0.95 >
z3 offset=0 iEr
S slope=0.84 2
Z > °
8 2 : -
Zow o
& > .
T < K 4
Z ¥
<1 L
& 2
2 . . R°=0.76
x excluding power |0ffset=0
< plant plumes  [slope=0.75
0 T T T T T T T
0.0 1.0 2.0 3.0 4.0
BRB NO, measured (ppbv) |
BRL !

BR® L*0&%(,FB !')4lr (blIN sTA cD74Y*@GW6(IGH*B31&T $9IWCIY<G!6RMHHR"S!
BRY 81G<!)4!81G<67G!*(6:6C!)1G¢G*

BRA !

B'R! | !



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2015-388, 2016 Atmospheric

Manuscript under review for journal Atmos. Meas. Tech. Measurement
Published: 20 January 2016 Techniques
¢ Author(s) 2016. CC-BY 3.0 License. Discussions

slope=1.02
130 140 150 1.60
density (g cm’)
O-r———T7T——T71 7T
0 4 8 12 16 20

volume from size distribution (pm3 cm'a)

. 3 3
volume from composition (um™ cm ™)
©
|

20 | | | |
b
B
2 1.5 -
é combined uncertainty @
15}
=
£
83 c
~5%
= 5= 1.0 -
aog
8 g ®
o
o ®© o
2 o ¢
2 05@ L
<
0.750.800.850.900.95 1.00
0.0 R
% T I T T

5/31/13  6/10/13  6/20/13  6/30/13

B"™ | ,
B #l |

B"$!  L*0&%(,RBs*!"*(6;6C!@6C7I*4*(1@*4IW(6JIG<*IF<*J1F'CIF6J\6)MXEB03/H!)41H:#c!

B"94  8'IF6J\'(*4IG6IG<*@6CT7JI*IW(6JIG<*!:1[*141;G(1D7@TH)bl/3HH!)4]MH3Hc-! b'clo<*!

B"'B!  F6((*C'G1EW6(!G<*WC1Y<@B)MER"$IF6COE64*4ID>IG<*14%):1G>-1bDcl0<*;C6\*:IW6(I'CC!
B'L! G<*WCL1Y<G;HEB@!D>IG<*I(*\*FG1@*F6((*C'G16)!F6*WWEL)@!4*3<68)!1)!

B'"Q b'cd

BV |

B"Al | !



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2015-388, 2016 Atmospheric

Manuscript under review for journal Atmos. Meas. Tech. Measurement
Published: 20 January 2016 Techniques
¢ Author(s) 2016. CC-BY 3.0 License. T Discussions

| Satite; R S Y 7

: \ © @ paper mil
;= o\

landfil T2 3 45
35.0 = g &

[}
35.5 A NOy (ppb)

»
Harllee Branch

34.5%

34.0

3357

N =
33.0-

-87 -86 85 84 83
B#R !
36.0 | MNashville, NG, ™ e — —E =
. ; . 4| 400 8001200 ~4{ 200 1000
Y 3 isoprene b . isoprene emissions
35.5 Maebl_0P°e (PD) L | soprenc emissons |
- 3 F s o oy %

35.01 5=

34.51

34.01 ¥
33.5 8

33.0- "

B#"1 !

B |

B#Y  L*0&%(,B)<*'WC1Y<G!G(F+BWEREIT $9!6)127)*I"L.I#R"$! 6@*(13GC")G".!586CH(!
B#9b F64*4181G<!INI1)IG<HGB\N)*C)4! 81GL;6\(*)* 16)IG<*ID6GGBIN)*C-10<*I7)4*(C>1)Y!
B#H J\;<68! G<A61)G!;67(F*1*J1;;16):!0\68*(\C)G;.\\*(1J1CC;IN4  IC)4IWICDIB<*IGH\!
B#L  \)*C INAIG<*I1;6\(*)*1*]1;;16 );\6G*)G1'CL)IG<*ID6GGBIN)*C-!

B#Q ,



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2015-388, 2016

Manuscript under review for journal Atmos. Meas. Tech.
Published: 20 January 2016
¢ Author(s) 2016. CC-BY 3.0 License.

Atmospheric
Measurement
Techniques

Discussions

2050 =
j Transect 4
&
2 2000+ % -
&
T
© 1950 =
1900 T T T T T T T T T T T T T T T
18:40 18:50 19:00
6/16/13
UTC
10_ -IO 1 | | | 1 | 1 | L 1 35
- monoterpenes L
8- 5 8- Transect 0 -O- methanol 30
~ |8 —Ng 25 3
2 6 @ 6- = & g
Q o
2 418 47 & & L15 g
24 &
O_
15:50 16:00 16:10 16:20
B#\ UTC
B#A
B$R  L*0&%(@>BO1J*;*(1*;! 6W!G86!G();*FG;147(1)Y!GI27)*I#R"$IWC1¥68)81)4!6W!!
B$"! CH4W1CC!lp&a\\*(1J1CC;-!
B$# |
By ! !

#A



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2015-388, 2016 Atmospheric
Manuscript under review for journal Atmos. Meas. Tech. Measurement
Published: 20 January 2016 Techniques
¢ Author(s) 2016. CC-BY 3.0 License. T Discussions

36,0 Nashvile, TN -~ . < )
35.5 | .\ @ 1 2 3 4 5
° - NO, (ppbv)
35.0 ’

L)

Atlanta, GA

:
“(‘. s i /’/&/ Harllee Branch

34.0 S - \ @ Y
el A2l gALERY [/
ik x-(, vy
T T T

34.54

-87 -86 -85 -84 -83
uTC
20:00 22:00
1 1 1 1
~— NO, 2013 -6
— NO, 1999 | &
— Alt 2013 »
3 — Alt 1999 L4 =
ra [ =4
i g
o>~ [~ 3 f;
b4 3
— 2 =
{
|
LN AL r
XW‘ny{A R < AN
I ' I '
-6
—— C0 2013
3501 — C0 1999 L5
e 300~ o
2 -4 g
[=3 -
g 250 i g
S |‘3 =
S 200 3
| -2 N
150 ] {
100 - : — . » ik
T T T T T T
16:00 18:00 20:00
6/16/13 uTC
B$% )
B$H

BSL  L*0&%(@?BO<*G('F+IBW!I'WCLYEG@BI>I"AAAIB@*(13GC) G147 (1) YIG<HHAHAAIFILY)!
B$Q F6COF644181G<IG<HIAIL_1)Y!(G16-101%*(1*BVB<HILI 27)* HR"$!)4IG<HLI27AAAA!
BSV  WCLY<G;WEMA <68 IG<'GIG<*JI1_1)Y!('G16;16@*(13GC)G'I< @*4*F(*;*4!

B$SA ;1Y)IWI1F)GC>I6@*(IG<*HgSI:- |

B%R |

Bo%! | !



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2015-388, 2016 Atmospheric

Manuscript under review for journal Atmos. Meas. Tech. Measurement
Published: 20 January 2016 Techniques
¢ Author(s) 2016. CC-BY 3.0 License. Discussions

36.0 - ‘NashV|JIe, TN g m

35.5 386388390392394
rf co; (om)
35.0 1 -
v
- McDonough
o pertee sranc
.
)

34.5 4

34.0

33.541

33.0

87 86 -85 84 83
410 L L 1 L 1 L 1 410 L L L 1 L 1 1
E Bowen E McDonough
S 400 - &g 400+ B
2 s
8 390+ r 8 SQO_WVM\WW_
R P b
5 e L5 e i
g g
< 6 F < 6 =
> >
o o
S 4 .- 4_M_
I |
T T T T T T T T T T T T T T
24 F B i
g7] [ &7 I
~ 2 B ~ 2 B
o S Ll
0- - 0 T
17:52 17:54 17:08 17:10 17:12
BY%# uTC uTC '
B%$

B%% L*0&%(Z=B0<*IG('F+I6W!'WC1Y<G!6)ILI27C>!"A2@GIGH47(1)Y!IG<*IHAHAAIFIV'LY)!
B%B FBCEE64*4181G<IG<*IAJ1_1)Y!('G16-101J*:*(1%;I6WIG<*I"LI27)*#R"$!') 4 BL27C>I"AAA!
B%L WCLY<G;WBMA M:<68IG<GIG<*J1_1)Y!('G16;16@*(13GC)G I<!@E(*;*4!

B%Q :1Y)1WI1F)GC>I6@*(IG<*\;GI"0b1>* (-

B%Y |

B%A | !



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2015-388, 2016 Atmospheric
Manuscript under review for journal Atmos. Meas. Tech. Measurement
Published: 20 January 2016

¢ Author(s) 2016. CC-BY 3.0 License.

Techniques

Discussions

BBR !

BB"!

BB#
BBS !
BBY% L*0&%(,?@8<Ud:3?201J64*C!(*;7CG:fIGLI*;*(1*16WHB1G<!%VI<67(;|6W!I'FF7J7C'G16)!
BBB G1J*.!G<*WCI1Y<G!G(F+IF6C6(TF64*41D>1J6UOGHRMI; 7(W'F*I(*;14%)FXG1I*W6(!'!
BBL \61)G!6)!IG<*IC":G!G():*FG!468)81)416WIG<*IM'(CC*IE()F<N\68*(\Q")G-

BBQ !

BBV | !



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2015-388, 2016 Atmospheric

Manuscript under review for journal Atmos. Meas. Tech. Measurement
Published: 20 January 2016 Techniques
¢ Author(s) 2016. CC-BY 3.0 License. Discussions

BBA T(2(%("9(#B,,

BLR !

BL"! E'<(*1)1.!1?-.197)C*.1U-12-1/'GG<*8.|E-!/-.IH1J6);,-.|96F<*(G>.!S-1H-.19* '(C6.! :-1=-.]

BLA  21J%)*[.1 2-1K-.1 E(6F+.! -1 3-.1)41/144C*D(66+.! 3-1/-8%;1Y)! )41 6\*(G16)! 6W! '"I\(*;;7(*T
BLY F6)G(6CC*4! 1)C*G! W6 (! '1(D6()*! ;' I\C1)Y! 81G<! ') "SBHLF! *(6;6C! C*);.! 3*(6;6C! HF1-!
BL% O0*F<)6C-.1%#. 196" .1#RRV-

BLH E'<(*1)1.17-1U(@%);.IE-.1/144C*D(66+.13-1/-.1&'()*+*. - 14*15678.12-13- 19% '(C6.1:-1=-.!

BLU  21J%)*[.12-IK-|E(6F+.1,-13-.11¥7.0).12-13-.125%(;6).10-|E-.IHG'(+.M-.13GC";.1U-.|E(1674*.12-.1=(1*4.]
BLQ 3-! MBCCB8'>.! 2-1 H-.l *1;F<C.! 2-.1 21F<G*(.! 9:1 Z'CEY¥1D(1)Y.! :-.! &6CC)>.! 3-1 5-.1 4!
BLV  =*<*)W*C4.1=-1 -fIA(Y')1F!I'*(6;6CIW6(J'G16)!1)! 7(I)4!1)47;G(1'CN\C7I*1)*(IM67;G6)!

BLA )419'CC';.10%_';.12-15%6\<>;-17%:- T3GJ6;-.""06.1#RRA-!

BOQR E(6F+.1,-13-.1 B[1F.12- 1E'<(*1)1.17-.1=(6>4.1 SHBAACD(66+.13-1/-.|[F,6J1:+*>.13-.!
BQ1 E(1674*12-.1 66\%(.1A-17- IHG6<C.!3-.131+1).|815678.12-13- 1 ='<*> 19-1&- 1 =*(((*.1?-13-.!
BQ# 5'6.17-1H-.156(*.1&-.IMBCC68'>.12-1H-.M7DC2EIBM*(;6).! 3- | K'F+.19-1 3- 1K) F* | HBB(*.1 2-1
BQ$ M-1/7(\<>.19-1/-.11%)*%: 13- I6@*CCL.1:-1 - 1168+, 12-1E-IAY(¥).12-13-.1:¥1;F<C.12- L 1*(F*.12-1E- !
BQ% :1C*8;+1*.!:-.1 71)).1:-1 S-.1 2>*(;6).! 0-1 E-.! HF<J14GS-! H-.l HF<8'([.! 2-! :-.l H64*J")).! M-.!
BQB  HVF+J)).12-12- IHG'(+.IM-.10<6J;6).19-IH-.10<6 ()D*(§.10-.1Z*(*;.1:- 1&' G G;.IK-13-1&' ()*+*.1,-.!
BQL ")4!&6CC)>.13-15-fl <'(FG*(1;G1F;.!;67(F*.I) Al G(:\6(G! 6W!'*(6;6C;1 J*;7(*4 1)1;\(1)Y!

BQQ #RRVI47(1)YIG<*I'*(6;6C.!('41'G16).!I")4IFC674\(6F4 WW*FG1)Y!3(FG1F!,C1J'G*b3?,:3,c!
BQV :(6P*FG.I13GJ6;-,<*J-l:<>- " 1#%6#FH%BS. R

BQA E(6F+.1,-13- 1HF<(64*(.!=-.|E*()4.!1S-.1 *G[6C4. Z;HE! 2-.1') 41 =1*D1Y.1/-fl [CG(W1)*!
BVR \(G1FC* ;1[*! 41;G(1D7G16);! J*:7(*4! 1)l 'L(F(WG!'F;@ \C7J*.] 2-1 5*6\<>;-! ?*:-.1 "RB.!
BV #L.BBHB#L.BLQ.#RRR-

BV# [6(C".1/-1&B6CW*.15-1/- IE'LC*>.1H-13H8');6).13-1S-.13(+1);6).IM-IK-.I" 4IM")1;F6.10-!

BVS =-fl 31 )*8! "1(D6()*! C';*(T1)4A7F*41 WCT6(*F¥)F* 1):G(7J3G! W6(! 1)! ;1G7! 4*G*FG16)! 6W!
BV WBE(J'CA*<>4* G<(67Y<67G! G<* G(6\6;\<*(*! )4l C68*(! ((GB;\<*(*.! 3GI6;\<*(1F!

BVB /*;7(*J%GI0*F<)1e7*.IV.IB%"T BB#.I#R"B-

BVLU <) Y. &I K- E<X@*.! -1 Z-.1 E(68).] H-! H-. 21*J*(.! I-.78E! 2-.1 ')4! 9'D47D.! 9-f!
BVQ M*G*(BY*)*67;13GJI6\<*(1F! ,<*J1:G(>.13JD1%G! /*;7(*])G;  .1')41/64*C! 'CF7C'G16);!
BVV  BWI# BfI312*@1*8.13*(6;6CIHF 1) F*I410*F<)6C6Y>. MABTAB. I#R™"!

BVA (6;.1U-1H-.IHC681+.12iB@146 @1G;.!:-.|13CC").12-19-.1&6(;)6\.19-1?- 132) 0-.IK*81;.!
BAR 9-1 S-1,)Y'(G).! /-1 )4l A);F<.! 0-1 E-fl KD6(G6  (>! ')4! 'JID1%)G! \(GLFC* 4%);1G>!
BA"  4*G*(J1)'G16):! 7;1)Y! C1Y<G! ;F'GG*(1)Y! 1)! F6)P7)BGES) *(6;6C! J';;! \*FG(6J*G(>.!
BA#  3%(6:6C'HF1-10*F<}B-.1%" |$IBBA.#RRO-

BAS 9'CCJY).10-12-1")/4IM(C*>.1 2-13-lU@'C7'G16)! 6W! JBDBT(F* *J1;;16)! G(*)4;! 1)!

BA% G<*])1G*4IHG'G*;.12-I5%6\<>;-17F3GJ6;-.I""B.#R"R-!

BAB 4*15678.12-13- 1/FS**).1H-13-.131+1).1S-! - |E(6FH3~!E(68).IH-IH-.151CJ').12-1E-.15(7;.!

BAL / -IM)1;F6.10-.IM6CCB8'>.12-1H-.1S'1;*(.12-.IS*7G;F<.I=-11- IK*()*(|E-Y/-.IK1'6.12- /' (+6 @1F.1/-IX-.]

BAQ /144C*D(66+.!3-!/-.1/1).1S-1U-11*7]".12-13-.1168'+.! 2-IE-.1:*1;F<C.12-.l:6CC'F+.!10-IE-.1?6D*(G;.!2-!

! $$



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2015-388, 2016 Atmospheric
Manuscript under review for journal Atmos. Meas. Tech. Measurement
Published: 20 January 2016 Techniques

¢ Author(s) 2016. CC-BY 3.0 License.

BAV
BAA
LRR

LR"
LR#A
LRd

LR%
LRB
LRL!
LRQ
LRV
LRA

L"R!
L"#!

L"$!
L"od
L"B!
L"L!
L"Q!

L"V!
L"Al
L#R
L#"!

L
L#$!
L#%
L#Bl
L#L!
L#Q
L#V!

L#Al
L$R
L$"!
L$#!
L$$!

L$%
L$B!

Discussions

[-125%(:6).10-1E-10( L) (-1 Z¥(*,.L-12-0&()  *+*.1 - 1&*CGL.13-.1)41&6CW*.15-1/-f131(D6()*!
J*:7(3%)G;16WIG<H'GI6;\<*(LFI*I1;;16);W(BJITWT7*CI*@')6CI (FW1)*(>.1 2-15*6\<>;-12%;,-T
3GJ6;-.I"#R.1%$VBASAQ. R "B -

4¥15678.12-13-.11((1;<.19-19-.1=(6;G.15-12-.1NAIQU)*(.|/-fl 2*4TF*41*J1;;16); | 6WI, M.
IA_1Y4l HA#W(6J! TH! \68%(1 \C')G;! 681)Y! G6! ;81GF<! WAJ! F6'C! G6! )'G7('C! Y';! 81G<!
F6JD1)*4IF>FCHG*F<)6CEY>.1U (G<;1=7G7(* M GERT%%-

4*15678.12-13-.10("1)*(.V/-.JE(68).1H-1H-.1U48'(4;.1:-.151CJ').12-1E-15('7;./-. IM") 1;F6.!
0-.1S'1;*(.12- 1S*7G;F< JEA S1IIH-1&- IK*()* (N E-1/-11F73") 12-13- 17 (1< .19-19-.1:6CC'F+.10-!
E-.126D*(G;.! 2-1 /-1 25*(;6).1 0-1 2-.1 Z*(*;.1 -1 2-.1 &'()*+*.] ,-.1)41 &6CW*.! 5-1 /-fl U)<')F*4!
2*J6@'C!6W! E16Y*)1F! M>4(6F'(D6);! 1)!:68*(1:C")G!:C7;1%6);G('1);! G<*I9*\¥)4*)F* 6!
3GJ6;\< *(1F! M>4(6_>C! ,6)F*)G('G16);! 6)! I1G(6Y*)! A_14*.1 5*6\<>;-! 2%:-| K*GG-.! 1)!
\(\'(G16).1#R"BD- !

4*15678.12-13-1')41&' ()*+*.1 fI/*: 7(*J%)G;16W!@6C'G  1C*6(Y")1FIF6\67)4;!11)IG<*!
*(G<;I'GIB\<*(*17;1)Y\(6GB)T G();WHT(*FG16)!1J;;,\\FG(6J*G(>.!/;H*FG(6]  *G(>!
27*@1*8;. L. HHFHBQ. HRRD-

915')Y1.1 2-1 -l E6>C*.1 U-I H-.1 S(C.1 0-.! M'(CPOTI(4\;**4.1 3-.1 S1J.1 H-. ')G(*CC.! ,-.!
['74C1).1 2-1K-1000.1 X<*)Y.1 &1 =C6F+*.| = NPOQAED")).! S-.! I'+;<1J" 1 a-.! '7C.1 21 E-.]
&BCWH.! 51 /-1 9%'1.1 3-1 2-1 S'PP11.! a-.! 57%)G<*(.! 34! S*7G;F<.! =-! |-fl =1(;G! 41(*FG!
J*7(3%)G:! 6W! WB(J'CA*<>4* WCT_| @1'! *44>! F6@'(L)ERCLF'GL6):! W6(! J1:;;1)Y! 1)T
F)B\>IWB(J'CA*<>4%1:67(F*;.13GJ6;-1,<*]-1:<>- " 'R BLBTRBQV.I#R"*

97D*.! &1 - E(68).] H-1 H-1 A:G<6WW.! M-19- )31 1F16(.! H-1 2-.1:'(1;.0 /-1 &-.!
[FK'TY<C1).12-12- 141 2@1;<")+'(.! 3-1 2-fl BL(F(WG);G(7I%)G! W6(! :1J7CG')*67;.1 1)! ;1G7!
J*7(3%)GIBW! NS4 I#ABI @11\ 7C:*4IF @1G>! (1) Y B68)!:\*FG(6;F6\>.1 2*@-IHF 1-1 0); G(-.!
QQ.I#RRIL-

UJJB);.IK-IS-.13()6C4.IH-12-.1/6)+;.IH-13- IM71P)*).1IB1CJI*;.IH-.IK'8.IS-1H-.10<6J';.12-!
K-.12'7G.! 2-1 -1 E67'((.! O-.1 07(e7*G>.! H-.l K6)Y.! a-.! 97)F).HE*)(64.! H-.! HG(64*.! H-.!
=C*JIL)Y.12-.1/'6.1 2-. L K')Y)*(.1 2-10<6I\;6).13-1/-10" (;1F+.19-.13*C.1U-! -l EC'+*.19-12- 1
6<*).1 21 ~191DD.! 2-.1 91;+1).1 5-l H-.l =(1*4.1 3-1 MBETMA*H.| K-1 5-.1 &*1)<*1J%(.! 3-1 2-.!
&1;G<'CH(.I13-./1+6@1)>.10-.1168'+.12-.1:*1: F<C2BRX(G;.12-1/-125%(;6).10-.1&' () *+*.1,-.1 4!
M*CJLY.! 9-fl 0<*I :AK3?,30! /64*C! O)G*(F6I\'(1;6)! :(6P*FG!b:"K/O:cfl 6@*(@1*8! ")4!
*@'C7'G16)!81G<!6D;*(@'G16);.13GI6;-!, <*J-1:<>:- IR T Q%%. [#R'IB-

51CJ").12-1E-1S7;G*(.1&-1 - 156C4").1:-19- IM*()46) H-1 -.IX'<) 1;*(.1/-IH- 107 F+*(1H-1 - 1
E(*8*(1&-13-IK*()*(/E-1/-.1&1CC1'J;.1U-12- IM'(CHP-13- 1=+ < X)WHCA 1 =-1 - 1g*+*.1 -.1') 4!
4*1 5678.1 2-1 3-fl *;7(*J)G;! BW! @6C'GLC* 6(Y')1F! F6MpA;! 47(1)Y! G<* #RRL!
0*_3'Hg56/3,,H! F'IV1Y)fl 0)47;G(1'C! 1)WCT7*)F*;.1 (*Y16)C! F<'(FG*(1;G1F;.1)4! 417()'C!
ANH)49)F1+1IBWIG<HAMI(FFG1@1G>.12-15*6\<>TI3GJ6;-.I""%. I#RRA-!

MBCCB8'82-IH-.12'+67D*+.12-1"- 11((1;<.19-19- I5*(D1Y.!,-. | ZBRPBJ’;.!13-. IHF <J1G Y*).!
H-.1=(1*4.13- 1&*(G.IE-.IM*)(>.1E-.I419(7JJ6)4.12-1131(D6()*| 1) G*(F6I\'(1;6)!6W! @'F 77J!



Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2015-388, 2016 Atmospheric
Manuscript under review for journal Atmos. Meas. Tech. Measurement
Published: 20 January 2016 Techniques
¢ Author(s) 2016. CC-BY 3.0 License.

Discussions

L$L! 7CG(@16C*GIWCT6(*;F*)F*)41G7)DC*4164*BREDE)II*;7(*J*)G;16W!IG(6\6:\ <*(1F!
L$Q  F(DB)IJ6)6_14*.12-15%6\<>:-17%:- I"RB.1#%. #B"F#% #L" #RRR-

L$VI M6GGC*.12-12- IM71;J).13-12- 191Y") Y 1.12-1:- 1S' J JBS5'CCH8'>.1/-1/-.1,6%);.1S-1K-.!
LSAl N4l S*7G;F<.! =1 Il 31 K'*(I O)47F*4! =C76(*F¥)F*TE';*4! 0):G(7J%)G! W6(! GYIG7!
LOGR  /*;7(*J%)G;16WI3GJI6:\<*(1F1=6(J'C4*<>4* 1U)@1(6)-HF L0*F<)6C-.1%$.| QQRB. #RRA-

L%" S'1;%(12-.1&BCW*.15-1/-.1/1).1S-1U-.1E(68).I HIYHEC* (1 -1 -1 2'F6D.19-12-.14*5678.1 2-13- |
L%# 5(7;.1/-!M)1;F6.10-1=-.IM6CCB8'>.12-.1:*1:F<C.1 2-.1:6CC'F+.1 O-1E-.1 2>*(;6).10-| E-.| & () +*
L%S$ &' <*)W*CA*(1?-13-.1)4IS*7G;F<.I=-1I-fI2*%:;1)Y 1G<*I(G16!6W!IYC>6_'CIG6IWE(J' CA*<>44!";]
L%% ')! 1)41F'G6(! 6W! <>4(6F'(D6)! \(*F7(;6(! \*F1'G16).! 3TB;-! ,<*J-1 :<>;-.1 "B.l QBQ"T QBVS.!

L%B #R"BA

L%l S*(F<*(1 2-1 -1 21%4*C.1 0-1 :-.1 ')4! 0<6()G6).! 2-1 34C6(1)*! 'FGI@L6)! D>! I#Bfl
L%® :1J7CG)*67;.! 1)! ;1G7! 4*G*FG16)! 6W! ,CIM#! 4l [#°B! IDB<*J1F'C! 16)1[G16)! J';;!
L%V \*FG(6J*G(>.13GJI6,\<*(1F!/*;7(*J*)GI0O*F<)1e7* . #.I"A  $THR%.I#RRA-

Lo%A S1#)4CHTHF<'((.! 3-.1 X<)Y.! -1 MB<'7;.1 0-.1 SC*1;G.! U-.! %K1 3-.1 ¥)G*C.! 0-! =-.!
LBR  H\1)4C*(.!,=1]*(C1)Y;.1?-.101CCJ')).12-.1)41&1CAG.12-I3*(BIBEMF G (6J*G(LFIW* G 7(*;16W!
LB"!  D16Y*)1FIHA3MAD:*(@'G16):!W(6J!I"\C)G!F<'ID*(1N4!1 1) 7(‘CI'GI6;\<*(LF*)@1(6)J%)G:; !
LB#  U)@1(6)-IHF1-10*F<)6C-.1%%$. V" Q. I#RRA-

LB K'F+.19-13- 121F<'(4;6).1/-1H-.1K'8.19- K') Y(14Y*.12-1/-.1 V"1 -19- |/FK'7Y<C1).17-12-.!
LB% )41/7(\<>.1 9-1 /-fl 3L(F(WG! 0);G(7I%)GI WE(!,6I\(*<*);1 @*,<'(FG*(1['G16)! 6W! 3*(6;6C!
LBE MGILFC! :(B\¥(G1*.! (G! #f EC'F+ 4! E(68)! ,(D6)! 3D;6(\G16)! 4! 3D;6(\G16)!
LBL  U)<)F*JNG! +:7(*41 81G<! :<6G6! 3F67;G1F! HWFG(6;F6\>! 3*(6;6C! HF1*)F* )4l
LBQ 0*F<)6C6Y>.1%L.IBBRV. #R"#

LBV K)F*.IH-1E(6F+.1,-13-.126Y*(;.19-.114156(46).123-fl &' G*(14(6\C*G!F'C1D('G 16)! 6W! G<*!
LBA ,C67419(6\C*G!:(6D*!b,9:c!)411) TWCLY<GN\*(W6(J)F*11)ICLe714.11F*")AINK  HETE74;!
LLR  47(1)Y!32,:3,.13GI6,\<*(1F!/*;7(*J%)GI0*F<)1e7%.1$.)"L  V$TQRL.#R"R-

LL"! KYF*1H-.1/*41)'12-1HJ1G<.12-11-1)411*)%;.13-fl/ "\1)Y!G<*I6\*('G16)!6W!G<*19/0!
LL# ,6)G1)767;!=C68!,,IIF67)G*(.13*(6;6 CIHF1*)F*I14!0*F<)6C6Y>.1%R. 1#%B%. '#RRIL-

LLS$! K)Y(L4Y*.! 21 /-1 21F<'(4:6).1 /- H-1 K'F+.19-1K'8.19-.1")41 /[7(\<>.1 9-1 /-fl 31(F(WG!
LL9% 0);G(7J%)G! W6(! ,6I\(*<*);1@* ,<'(FG*(1[G16)! 6W! 3*(B6C! NG1F'C! :(6\*(G1*..! :(G! Of!
LLB  &@*C*YGEI"\})4*)G! NGIF'C! U G1)FG16)! 4! OG;! 2*C'G1l@* GIFUBHY)4*)F!
LLL!  /*;7(*41 ;1)Y! '@1G>! 21)Y468)! H*FG(6;F6\> .! 3%(6;6C! HF1*)F*! )4l 0*F<)6CBY>.! %B.!
LLQ "$RBT$"V.I#R™- !

LL\A K** IE-IM-.IK6\MIM1CW1+*(.1=-19-.1/6<(.!,-.|S7(G*).10-.1&6(;)6\.19-17-.1410<6()G6).! 2-!
LLA  3-fl 3)l O6414*T3447FG! M1Y<T?*6C7G16)! 6MEELY<G! ,<*J1OBJL[G16)! /!
LQR HWFG(6J*G*(fI3\C1F'G16)!G6!3GI6;\<*(1FI0)6(Y") 1FIMY")1F!,6J\67)4:.1U) @1 (6)-'HF1-!
LQ"  0*F<)6C-.1%V.ILSRA"Q.1#R"%%-
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LQQ
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Lv"!
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LVS

LV%
Lve
LvL!
LVQ
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LAH
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LA%
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Discussions

K*(*(/E-.I51CJ).12-1E-.197J",.1/- IM7Y<*;.19-19- 12'+:1F< 13- IM'GF<.1,-19-.15('7:.1/-.!
06+'(*+.10-1&-.1*1;F<C.12-.1S6;;.13-.1a7") | E-|&*+*.1,-10:"FI) T Z')I&X(G[ .15-.IH7*\*(.!
9-.1Y414*15678.12-13-f13)1 LI\(6@*4.I'7G6I G*418<6C*T'L(;'\C*(1N41ZA 15T /HI'C>;1;!
>:G*J.13GJI6;\<H(1FII*; 7(*J%)GI0*F<)1e7%,191;F7;;16)..]  1)\*\'(G16).1#R"B-!

J144C*D(66+.13-1/- IE'<(*1)1.12-.121%)*[.12-IK-.1)4)'Y'(G) . I-12-lU@ 'C7'G16)!6W!
F6J\6;1G16)T4"\*)4%)G! F6CC*FG16)! *WWIF1*F1*! WEA6@M *(6;6C! J';!
\FFG(6J*G*(17;1) YIW1*C414'G'.13%(6;6C!HF 1-10* M O#BVD" I#R"#!

[1).1S-1U-1&";<*)WHCA*(.12-13- 197D*.1&-1:- 1K) YW.13-11-.1U48! (4;.1:-1 /- IX'([)".!
S-12HG7G[.12-.IK7.1S-.1X<)Y.!a-.1 )4 E(68).|H-| H-B3IDJ4! F @1G>1*)<')F*4!'D;6(\G16)!
\FEG(6J*G*(IW6(!'L(F(WG! J*;7(*J*)G:16W! YC>6_'C.1 B3GRYC>6_'C.1)1G(67:!'F14.1)1G(6Y*)!
416_14*1)418'G*(! @\6(.!13GI6;\<*(LFIJ*:7(*J*)GI0*F<)  1e7*191;F7;16);.1:7DI1GG*4.!
#R"BY

[¥73').12-13- 1M7*> 1 K-15-191::C>.1 2-1 &-.| =*<*)W*CA-! - | =COF+*.1 =- | MECHF*+.12-1 - 1
MBCC68'>.12-1H-.IM7DC*(.15-.12'+67D*+.12- [I1F+;12(-.19-1S- 1 ((1;< 39¢16).10- E-. IH7\*(.!
9-10-.1N418*1)<*1J*(.13-12-f1=GT*\6);*I'L(DB()*  1)1;1G71I*;7(*I%)G;I6WIMIN$IA7(1)Y!
G<*l 0%l #RRR! 31( “7'C1G>! HG74>! 2-1 5%\<>-1 ?2*'RQ.  %%S$L.!
4611%%"R-"R#AGHRR"29RR"%$Q. #RR#-

1%73).12-13-.125*(;6).10-| E-.|M7*>.1K-15- 1 2'+6 7D*#2-.1168'+.1 2- E-.H1J6);.! -.I')4!
=*<*)W*C4.1=-1 -fl 'C1D('G16)!")A@'C7'G16)!6W!)1G(1F!'F14!')4!'JI6)1'\*(I*G16)! G 7D;
D>1]ZI6\G1F'C!'D;6(\G16).1U)@1(6)-!HF 1-10*F<)6C-.|1$ GAKQBRR$-

168+. 21 E-. [¥77).1 2-1 3-.1 S['L.! S-.| M7%>.1 K-1 5-.0))*(.! 9-! 2-. M6CC68'>.! 2- H-.!
25%(;6).10- E-.1=(6;G.15-12-.1/FS**).1H-13-.1') 41 =*&)W*C4.|=-1 fI3IF<*J1FC! 16)1[ G16)! J';!
FFG(6J*G (> G*F<)1e7*W6(1'1(DB()*! J*;7(*I*)G;!6W!'JJ6 )1'.12-15%6\<>;- 2%,-T3GJ6;-.!
"4t 1#RRQF

AG<BWW.! M-1 9-.1 26D*(G;.! 2-1 /-1 2@1;<")+'(.] 3-BACCL'J;.! U-! 2-.1 KX()*(! E-! /-]
H6JJ'(1@'.12-./E'G*;.10-1H-.1,6WWJ').19-.1"71)).1:-1S91DD.1 2-1U-.1HG'(+.IM-.| E7(+<6C4*(.1 2- 1 E-.!
0'C7+4'(12-1S- 1< <H(12- 1=4<F)WHCA. 1 =-1 - 1NAIE(68).IH-IH-IM1Y<IC*@*C;16W!) 1G (>CIF<C6(14
1)IG<*\6CC7G*41;7DG(6\LF'CIJ'(1)1ID67)4' (>1C>H@I (*I5*6;F 1) F*.I" I$#%SHV. [#RRV-

“(+.1 S-.1 S1IGG*C;6).! 9-1 E-.! X'F<'(1'<.! /-1 2-.1 YAl FI7((>.) - M-ft /*:7(*J%)G! BW!
1)<*(*)GII'G*(1'C1 4%);1G>! 6W!))6V(GLFC*'YYCEI*('G2-1 )6\ (GLFECH 2*:-.1 LI #LQAQ#H.!
#RR%-

*1;F<C.12-.12>%(;6).1 0-1 E-.1 31+1).I S-1 -1 4*1 56 ZBIB-.1 51CJ").| 2-1 EM6CCH8'>.! 2-1 H-.!
K*O*(IE-Y- 114+ ()1.12-11%73').12-13- 1168'+.12-  1E-10(L)*(1-1&'()*+*.1,-. 1Al ((L;<.!
9-19-f1" 7')G1IW>1)Y!'GJI6;\<*(LF1 J*G<)**J1;:16):| W(6J! @*IM'>)*; @ 1CC*.|=">*GG*@1CC*.!')4!
)6(G<*;G*()1/'(F*CCT;!;<'C*Y';\(647FG16)! (*Y16);.] 2-15%6\<>;-1 2%,-T3GJI6;-. I "#R.I#AT
#'$A.I#R"B!

*1;F<C.1 2-.1 2>*(;6).! 0- E-.l MBCC68'>.1 2-1 H- QL) 3)4(*8;.1 3-1 U-.1 3GC";.l U-1 K-.!
EC'+*.19-12-19'7D* IE-1 - 19C7Y6+%)F+>.1U-12F&*(/-IK-.156C4;G*1).13-IM-.157<".13-.1S'(C.10-.!

! $L
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Q'R
Q™!

Discussions

SEWCH(.12-.IS6FRLTU-.1/1;[G'C.1:-1S-.1:*((1) Y.13-1U-.1:6 CC'FE=IBF) G 6) 1.15-1&-. HF <8'([.12-1:-.!
HYF+J).! 2-1 2-.1 &BW;>.1 H-1 -1 Y4l '((1;<.! 9-1 9-ft 31(D6()*! 6D;*(@'G16);! 6W! J*G<')*!
*J1;:16);! W(6J! (LF* F7CG1@'G16)! 1)! G<* H'F(\J*)GBHZEA ' CIW6()1'.! 21 5*6\< 2%t T
3GJ6;-.I""Q.IH#R"#-!

(>0 2-1 M-1)41 5().1 9-1 &1 bU4:-cfl *((>q;! ,<*J1F 'C! U)Y1)**(;q! M')4D66+.!
/F5(8 TM1CC.!I*8la6(+.lla."AAQ-

:6CC'F+.! O-1 E-.1 K¥()*(.! E-! /-1 )41 2>%(;6).! 0-1 E-fl U@'C7'G16)! 6W! 7CG('@18C*G! C1Y<
*J1GG1)Y! 4164*1 W6(! 4*G*FG16)! 6W! 'GIEMAH! D>! \<6GHC>; 1T F<*J1CTI1)*F*)F*.!
267()'CI6WI3GJ6;\<*(1F!,<*J1;G(>.ILB.I""BB.#R"R}

26D*(G;.15-1 ,-1)41%)*;.13-fl 3IF6)G1) 767, TWC68! ;G (*I8L;* G<*(J'CV (41%)G! ,,I!
F<'ID*(| WE(!'GJIB\<H(LF! J*:7(*J%)G:.1 3*(6;6C! HF1*)F*")  410*F<)6CBY>.I $A.| #RIT#
#RRB-

25*(;6).10-1E- |[E7<(V/-1:-.1=(6;G.15-12-.156C4").:-19-.IMBCC68'>.12-IH-.IMNDC*(.!5-.126 D;6).!
E-10-.1S7;G*(1&-1 -1 [FS*).TH-13-17((1:<.19-1 91 26D*(G;.1 2-1 - HTH*(.1 9-1 0-.1 O(1)*(.1/-.!
&1CC1'J;.12-1")41=*<;)W*C4.1=-1 -flUJ1;;16); CIWABIB[6)* W6 (J'G16)! 1)\68*(I\C) G!
\C7J%;.12-15%6\<>:-12%: I"RS$. I##. BLAB##.BVS$.I"AAV-

25%(;6).10-1E-.IM7*> 1K-15-1S)\IS-11¥7.0).12-13- 1:'((1;<.19-19-IH7*\*(.19-10-.1")4!
=*<HWHCALL =1 -fl 9%1Y)! )4l 1)1G1'C! F<'(FG*(1[G16)! 6W! )l 1)C*G! VE&(HVA 5l
J¥7(-I%GIW(BIIL(F(WG.12-15%6\<>;-12%:- 1"R%. IBUBIB YA I" AAR-

HF<8'([.! 2-:-.15'6.1 2-1 H-.l ='<*>.1 91 &-.1 0<6J;6).1 9-| H-.1 & GG;. K- 3-.1&1C;6).1 2-1 -.!
2 @*;.1 2-1 /-1 9(D*<*;<GL.! [-.| E'7IY'(4)*(.1 9-1 5-.1 S6+.!5-1 K1 ,<7)Y.I H-I M-.l HF<7C[.! /-.!
M*)A(LF+;.12- 1K' 7*(13-.1S*(F<*(.|E-.IHC681+.1296;*) C6W.!S-IM-.10<6J\;6).10-IK-.IK') YW6(4.!
3-17- 1K6*8%):G*1).1/-.1)4131+1).1S-1 -fIHL) YC*TV(GTH I*; 7(*J%)G; ! 6W! J14C' G1G 74* DC'F+!
F/(D6)!")4IC1Y<G;F' GG*(1)Y!"*(6;6C;!W(6J!G<*ID67)4'(>! C'>*(1 GBEHS*(1;G('G6:\<H(*.12-1
5*6\<>;-17%- T3GJ6;-.I"" 19"L#RQ.I#RRL-!

3-.10<6J;6).19-1H-IK'F+.19-13- 1:W1;G*(.IK-.1/'<6) 441 2- IE'TIY'(4)*(.19-.1&1C;6).12-1 -.1') 4!
2e@*;.1 2-1 [-fl 6'GL)Y;!1 )4l G*1(1 *)<)F*I¥)G! 6W! DGE+! F'(D6)! C1Y<G!'D;6(\G16)! 1)! G<*!
G(B\LF'CI'GIB\<H(*.12-15*6\<>;-17%,-T3G J6;-.I""$. I#HRRY

&6W;>.1H-1 -1 ="<*> 19-1&-fI5C6D'T,F'C* DC'F+! F'(D6)!\(6W1C*;! 6D;*(@*4! 1)! G<*! (*J6G*!
'GIG\<*(*1)AIFBIN(*41G6!J64*C;Ib@6C! $Q.I'(GIK"VV"#LI#R"RC.I5*6\<>;-1 2*;-IK*GG-.1$Q.!
#R"R!

HC7;<*(.19-1K-.IM7*>.1K-15-.10"))*(.19-12-.I =C6E47-.1)41 ?26D*(G;.! 2-1/-f1 31 G<*(J'C!
41;,6F1'G1aF<*J1F'C! 16)1['G16)! J';;! WFG(6J*G(>! b09D/Hc! G*F<)le7*! Wo6(!I G<*!
;7 1I7CG)*67;1 3 7(*I*)GI6W!I\*(6_>'F>C!)1G('G*;1)4141)1G(6Y*)!I\*)G6_14*.12-15*6\<>;-!
?*,- T3GJ6;-.I"RA.I#RR%-!
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Discussions

HG6<C.!3-.1=6(;G*(.!,-.1 =()+.!1 3-.IH*1D*(G.! :-.1 )8&®8".! 5-f! 0* F<)1F'C! 16G*! fl O<*!
K'Y()Y1)N(G1FC*141;\%(;16)1J64*CI=KUd:3?70! @*(;16)!L-#.13GJ6;-!,<*J-1:<>;-.IB.I#%L"T
#%Q%.!1#RRB-

5678.12-fl 9*@*C6\J*)G! )4! @'C14'G16)! 6W! 'IGADCH! Y';1 \<';*1 ;G)4'(4! Y*)*(G16)! )4l
F'C1D('G16)!;>;G*JIW6(I@6C'GLCH6(Y')1FIF6I\67)4; ABEIF!/*;7(*J*)GI0*F<)1e7*;.!
$.ILVSLA" I#R"R!

@6) HF<)*14*J%;:*(1U-.1/6)+;.1 -1 H-.1)41:C";; T97*CJ* (.!,-I5C6D'CIFBIN(L;6)! 6W!
ZA 141 NBD*(@'G16);11)17( D)'(*;.13GJ6;-U)@1(6)-.1%%. | BRBBRLY%.#R'R-

&Y)*(NI-IK-.197D* 1&-1:- 1&';<)W*C4*(.12-13-.1a67 )Y 1 -12- 1.6 CC'F+.!0-1E-.12>%(;6).10-!
E-.I')4E(68).1H-I H-f1 9164* C';ID'*4l FF @ 1G>! (1)468)! 1);G(7J*)GI W6 (! I"$.! [#B.! "]
IM#)AIN - TSIW(BIIL(F(WG.13GIB\<*(1F!/*;7(**)GI0*F<)1e7*;. |4 ##QTH#%R.I#R™",

&'()*+*.1,-.14*15678.12-13- IMBCCH8'>.12-1H-.1*1:E42-.17>*(;6).10-|E-.|13GC";.IU-. | EC'+*.!
9-.10(L)*(.1/-1) 41 ((1;<.19-19-I/7TCGL1>*(1G(*)  4;11)! @6C'G1CH 6(Y')1F!F6I\67)4;11)IK6;!
3)Y*C*:.l 'CIWE() L' =1@*! 4*F'4*;1 6W! 4*F(*;1)Y! *J1B)L! 2-1 5*6\<>;-! 2%:-T3GJ6;-.! "'Q.!
HR"#

"4l 4% 5678.1 2-1 3-fl ZA1 14)G1W1F'G16)! ')4! 1)G*(TF6(L:6)! W(6J! C'D6('G6(>! D16J;;!
D7()1)Y!7;1)Y!:0? TH!)4::00 T/H.I0)G*()'G16)'CI267()'CI6W!/";;IH*EG(6J*G(>.| SR %.!
HR™-1

& <*)WHCA*(12-13-.1a67)Y.! -12- | E(68).IH-1H-.| 3)@1)*.1&-1/-13GC";.l U-1K-.|EC'+*.19-1
?2-.1E6).19-1/-.1, 7D1;6).1/-12-.14*15678.12-1 3-.197;")G*(.| H-.1=C>)).1 2-.151CJ').1 2-1 E-.15('7;.1/-.]
5(LWW1G<.IH-.15(6;;D*(Y.!-.IM>*; 1:-1K-. 121 PRI S7;G*(1 &1, | K*WH( I E-IK-.l:6CC'F 4.1 O-1E-.
25%(;6).1 0-1 E-.l HG'(+.1 M-l HG*@%);.! :-1 H-.1 )41 O('1)*(.! /! S-fl 0<*1 YC>6_'C! D74Y*G! ")4! 1G;!
F6)G(1D7G16)!G6!6(Y')1F!*(6;6 CBER) Y*C*;.1 'C1IW6()1'.147(1)Y!,'CI*_I#R"R.12-15*@%;-!

2%:- T3GJ6;-.I""LI#R™"!

&1C:6).12-1 - IK'WC*7(.IE-15-. IM1CD*(G.IM-.IH*D'7Y<.1&-1?-.1=6_.12-.15*:C*(.19-1&-.|E(6F+.1,
3-.IM7*D*(G. E-12-.1)41/7CC*).1 2-fl =7)FG 16)! YAWG(J)F*| 6W! "I C68! G7(D7C*E)C*G! W6 (!
“I\C1)Y!;7\¥(J1F(6)\(GLFC*;IW(6J!'L(F(WG\C'GW6(IB*(6;6C! HF 1¥)F*!') 41 0*F<)B6CHY>.!
$V.IQAR/R#.I#RRY%-

&BCWH*.15-1 /-1 S'1;*(1 2-.1 M')1;F6.1 0-1 =-.| S*7GF&L.1 4*15678.1 2-13-.1 51CJ"). 2-1 E-.!
5(7;.1/-IM'GF<.1 ,-19- IM6CC68'>.12-.IMB(68 UG IK**.| E-IM-.IK*()*(.|E-. | KE\IMLCW1+*(.1=-10- !
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