The MIRAGE airborne division
The C-130 crew and support team
JThe MILAGRO project
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C-130 Research Flight summary

- successful campaign
« 12 flights while on station (+ two transits)

5400 minutes
— 1000 min <100 km of MEX
— 2000 min 100-250 km
— 1600 min 250-500 km
— 600 min > 500 km
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C-130 Research Flight summary

successful campaign
12 flights while on station (+ two transits)

5400 minutes

— 1000 min <100 km of MEX
— 2000 min 100-250 km

— 1600 min 250-500 km

— 600 min > 500 km

already have 5 science highlights
23,200 C-130 frequent flyer miles

INTEX miles don’t count and
MIRAGE miles expire 12/31/2006



-130 M rement
e C-130 Measurements

*Gas phase:
»CO, CO,
»O3, NO, NO,, NO,
»PANSs
»S0O,
»OH, H2SO,, MSA
»HO,, RO,
»HNO,
»CH,0
»H,0,, CH;00H, HOCH,O0H, HCN, SO,, HNO;,...
»VOC, tracers (TOGA)
»VOC, aromatics, tracers (PTR-MS)
»NMHC, tracers (WAS)




-rticle phase:

»Soot Sampler

»Aerosol Phys. + Optical Properties
»Aerosol Hygroscopicity + Volatility
»AMS

»SP2

»CNC, Filters (functional grps)
»PILS liquid sampler

»SABL (remote aerosol)

C-130 Measurements

Buseck / AZ State U
Clarke / UHI

Collins / Tex A&M
Jimenez /U of C
Kok / Droplet Meas.
Baumgardner / UNAM
Russell / UCSD
Weber / GaTech

Morley






Pl Institution Instrument Measurement

MET.NAV NCAR/RAF various lat, lon, alt, T, P, rh, shortwave, UV, CN
Apel NCAR/ACD TOGA organic gases

Blake U Califronia Irvine WAS stable gases

Busek Arizona State U filters' TEM hi-res images of asrosols

Campos NCAR/ACD CO2 CO2

Campos NCAR/ACD VUV flourescence CO

Cantrell NCAR/ACD CIMS HO2 and HO2+RO2

Clarke U. Hawaii PSAP aerosdl scatt & abs coefficients

Clarke U. Hawaii APS aerosol number, area, volume

Clarke U. Hawaii CPC-3010/3025 CN concentrations, including ultrafine
Clarke U. Hawaii DMA Aerosol #, area, volume, integr. 20-150 nm
Clarke U. Hawaii OPC #, area, volume (total, submicr., supermicr.)
Clarke U. Hawaii TSI nephelometer scatt. Coeff. at 450, 550, and 700 nm
Cdllins Texas A&M DMA aerosol number, 86 bins 10-758 nm
Collins Texas A&M TDMA hydroscopicity

Zheng'Flocke NCAR/ACD CIMS PANs

Holloway NOAA medified TICO S02

Jimenez U Colorado ToF AMS size-resolved non-refractory composition
Karl NCAR/ACD PTRMS VOCs, OVOCs

Mauldin NCAR/ACD CIMS OH, H2804, MSA

Morley NCAR/EOL SABL aerosal profiles

Russell L. U Californa SD /Scripps  SP2 single particle scot mass

Russell L. U Californa SD /Scripps  DMT CCN CCN

Russell L. U Californa SD /Scripps  Organic sampler  filter samples

Shetter NCAR/ACD SAFS photalysis coefficients

Weber Georgia Tech PILS - anions chloride, nitrate, sulfate

Weber Georgia Tech PILS - cations MG,K,Ca,Na, NH4

Weber Georgia Tech PILS - WSOC water-soluble organics

Weibring NCAR/EOL DFG-TDL CH20

Weinheimer NCAR/ACD CLD NOxy

Weinheimer NCAR/ACD CLD 03

Wennberg Cal Tech CIMS H202, HCN, HNO3, PAA, SO2




C-130 Measurements

* large data set
* lots of exciting results
* touching all science objectives

e controversies



C-130 Measurements

Flight Numbering
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C-130 Flight Numbering “System”

NCAR/EOL Mirage Flight Tracks

Browse 2D Flight Tracks : Google Map Flight Tracks

For Windows XP users who have downloaded GoogleEarth from http://www.earth.google.com

Google Earth 3D Flight Tracks ("Save Link Target As..." and then open with GoogleEarth):

Mirage Ferry 1
Mirage Ferry 2
Mirage Flight 1
Mirage Flight 2
Mirage Flight 3
Mirage Flight 4
Mirage Flight 5
Mirage Flight 6
Mirage Flight 7
Mirage Flight 8
Mirage Flight 9
Mirage Flight 10
Mirage Flight 11
Mirage Flight 12




C-130 Flight Numbering “System”

NCAR/EOL Mirage Flight Tracks

Browse 2D Flight Tracks : Google Map Flight Tracks

For Windows XP users who have downloaded GoogleEarth from http://www.earth.google.com

Google Earth 3D Flight Tracks ("Save Link Target As..." and then open with GoogleEarth):

Mirage Ferry 1 1 2/28
Mirage Ferry 2 14 3/31
Mirage Flight 1 2 3/4

Mirage Flight 2 3 3/8

Mirage Flight 3 4 3/10
Mirage Flight 4 5 3/12
Mirage Flight 5 6 3/16
Mirage Flight 6 7 3/18
Mirage Flight 7 8 3/19
Mirage Flight 8 9 3/22
Mirage Flight 9 10 3/23
Mirage Flight 10 11 3/26
Mirage Flight 11 12 3/28
Mirage Flight 12 13 3/29




¢ C-130 Flight Numbering “System”

Please refer to flights with their
respective flight dates

“20060319 flight”
“3/19 flight”



C-130 Flights — overview

3000

— 2500

-104 -102 -100 -98 -96 -94 -92 -90 -88



MCMA Plume persistence

DC-8: on average unlikely encounter
BB plumes may dominate Gulf area

C-130: when “hunted” certainly easy to
find even 2 days downwind

very persistent under stagnant conditions
visible plume even 2 days downwind



C-130 Flights — 3/4/06

Dataset: dom2 RIP: dom2 Init: 0000 UTC Fri 02 Mar 06
Fest: 45.00 h Valid: 2100 UTC Sat 04 Mar 06 (1400 MST Sat 04 Mar 06)
Terrain height AMSL

Mass weighted ©f integral
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C-130 Flights — 3/4/06

Datasget: 20060304 RIP: 20060304 Init: 0000 UTC Sat 04 Mar 06
Fest: 2100 h Valid: 2100 UTC Sat 04 Mar 06 (1400 MST Sat 04 Mar 06)
Terrain height AMSL

Mass weighted ©f integral

Trajectories from hour 18.333 to 25.833

Trajectories from hour 20500 to 21.500
106 T 105w 104 W 10237 102 TW 101 W 100WM 98 W BAYW @YW 86 W S5 W

-

 observed previous day’s pollution

» did our first city run

* including low pass over Atizapan

24 N

23 N

22 N
2L N
20 N
19 N
18 N
__| ;;;%%::%% . 17 N

2 SN _ 18 N

o b - 15 N



C-130 Flights — 3/4/06

Dataget: 20060304 RIP: 20060304 Init: 0000 UTC Sat 04 Mar 06
Fest: 2100 h Valid: 2100 UTC Sat 04 Mar 06 (1400 MST Sat 04 Mar 06)
Terrain height AMSL

Mass weighted ©f integral

Trajectories from hour 18.333 to 25.833

Trajectories from hour 20500 to 21.500
106 T 105w 104 W 10237 102 TW 101 W 100WM 98 W BAYW @YW 86 W S5 W

Iig 24N
Za

http://box.mmm.ucar.edu/projects/mirage/

23 N
22 N
21N
20 N
18 N
18 N
17 N
2 2 BN _ 18 N

e ] - —— - — = - 15N
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C-130 Flights — MCMA
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20060304
20060308
20060310
20060318
20060322
20060329

C-130 Flights — MCMA

Flights including a “city run”:

(TO,T1)
(T0,1,2)
(T0,1,2)
(T0,1,2)
(T0,1,2)

each flight listed above included a missed approach on Atizapan airport

T 1 or T2 overflights only:

20060319

(T2)

20060326 (T-2 spiral)

« 10500 feet (minimum) for T1,2

For ATC reasons, altitudes for overflights were restricted to
« 9000 feet for T-0 (only approved altitude),










The BB contribution
to MCMA pollution

Crounse et al: large fraction
Apel et al: small fraction
Vay et al (DC-8) large fraction?

PILS data: small fraction?

PAN data: small fraction?

Pico de los Padres: large fraction...
Junkermann: large fraction in SE



C-130 Flights — 3/8/06

Dataget: 20060308 RIP: 20060308 Init: 0000 UTC Wed 08 Mar 06
Fest: 20.00 h Valid: 2000 UTC Wed 08 Mar 06 (1300 MST Wed 08 Mar 06)
Terrain height AMSL

Mass weighted ©f integral

Trajectories from hour 17.500 to 24.400

Trajectories from hour 19.500 to 20.500
106 T 105w 104 W 10237 102 TW 101 W 100WM 98 W BAYW @YW 86 W S5 W

24 N

23 N

22 N

21 N

20 N

19 N

18 N

17 N

18 N

15 N




C-130 Flights — 3/8/06

Dataget: 20060308 RIP: 20060308 Init: 0000 UTC Wed 08 Mar 06
Fest: 23.00 h Valid: 2300 UTC Wed 08 Mar 06 (1600 MST Wed 08 Mar 06)
Terrain height AMSL

Mass weighted ©f integral

Trajectories from hour 17.500 to 24.400

Trajectories from hour 22.500 to 23.500
106 W 105w 104 W 1037 102 TW 1017 100WMW 98 W BV

* observed previous day’s pollution 24 N
* city run with T-0 overpass

» spiral over CVJ (“gap” outflow) .
» same day outflow E of MCMA o2 N
* elevated background on return leg

21 N
20 N
o __ 1IN ,_ " ' 19 N

I | ; S N e 18 N
17 N
LY 18 N

15 N







Aerosols

large particle numbers in MCMA

persitient large numbers 1-2 days
downwind

partic
partic
partic

es grow, change optical properties
es seem to accumulate organics?
es become more hygroscopic



C-130 Flights — 3/10/06

Dataget: 20060310 RIP: 20060310 Init: 0000 UTC Fri 10 Mar 06
Fest: 19.00 h Valid: 1900 UTC Fri 10 Mar 06 (1200 MST Fri 10 Mar 06)
Terrain height AMSL

Mass weighted ¢S integral

Trajectories from hour 16.333 to 23.878

Trajectories from hour 18.500 to 19.500
106 T 105w 104 W 10237 102 TW 101 W 100WM 98 W BAYW @YW 86 W S5 W

» coordinated spiral with J-31, B200,

MISR overpass

* radiation closure attempt ="
22N

 observed previous day’s pollution

* city run with T-0 overpass 2N

» first “classic” NE transport case

« same day outflow over T1 and T2 1"

* PBL at 16 kft N of MCMA [ o x
| 18 N

15 N









C-130 Flights — 3/12/06

Dataset: 20060312 RIP: 20060312 Init: 0000 UTC Sun 12 Mar 06
Fest: 20.00 h VYalid: 2000 UTC Sun 12 Mar 06 (1300 MST Sun 12 Mar 06)
Terrain height AMSL

Mass weighted c©f integral

Trajectories from hour 17.433 to 25.600

Trajectories from hour 19.500 to 20.500
106 T 105 %W 104 TW 10237 102 TW 1017 100W @98W BT 8Y W ©S6W 65 W

S

« spiral over Tamihua (AERONET)
» first comparison with DC-8

- some gradients but weak pollution
* prev day’s pollution N of MCMA
» strong dust(?) layer E of City
» spiral off coast near VER

122 N

20 N

18 N

18 N

4118 N

15 N







C-130 Flights — 3/16/06

Dataget: 20060316 RIP: 20060316 Init: 0000 UTC Thu 16 Mar 06
Fest: 17.00 h VYalid: 1700 UTC Thu 16 Mar 06 (1000 MST Thu 16 Mar 06)
Terrain height AMSL

Mass weighted ¢S integral

Trajectories from hour 15.700 to 24.561

Trajectories from hour 16500 to 17.500
106 W 105 W 104 W 103V 102 TW 1017 100W 98 W B8V @Y M 86W 857

24 N

| 23 N

22N

——- 21N

{120 N

18 N

18 N

______________ 17 N

18 N

- 15N

L= adleaaeaed




C-130 Flights — 3/16/06

Dataget: 20060316 RIP: 20060316 Init: 0000 UTC Thu 16 Mar 06
Fest: 2100 h Valid: 2100 UTC Thu 16 Mar 06 (1400 MST Thu 16 Mar 06)
Terrain height AMSL

Mass weighted ¢S integral

Trajectories from hour 15.700 to 24.561

Trajectories from hour 20.500 to 21.500
106 W 105 W 104 W 103V 102 TW 1017 100W 98 W B8V @Y M 86W 857

124 N
123 N
22N
21 N
{120 N
18 N

Lo ‘ 18 N

________________ 17 N

18 N

- . 15N

el adlceaec




C-130 Flights — 3/16/06

Dataget: 20060316 RIP: 20060316 Init: 0000 UTC Thu 16 Mar 06
Fest: 23.00 h Valid: 2300 UTC Thu 16 Mar 06 (1600 MST Thu 16 Mar 06)
Terrain height AMSL

Mass weighted ¢S integral

Trajectories from hour 15.700 to 24.561

Trajectories from hour 22.500 to 23.500
106 W 105 W 104 W 103V 102 TW 101 W 100W @88 W B8V 98YNW 86 W 85

» prev day’s pollution far N 24 N
» same day N of T-2
«flowreversal | [ Ned plaa Y < o0 LT T “h
* same day S of city .
» profile over CVA
18 N
“—l ————————————— . 17 N
——-i 18 N
l
| 15N




C-130 Flights — 3/18/06

Dataget: 20060318 RIP: 20060318 Init: 0000 UTC Sat 18 Mar 06
Fest: 18.00 h Valid: 1800 UTC Sat 18 Mar 06 (1100 MST Sat 18 Mar 06)
Terrain height AMSL

Mass weighted ©f integral

Trajectories from hour 15.167 to 23.717

Trajectories from hour 17.500 to 1B8.500
106 T 105w 104 W 10237 102 TW 101 W 100WM 98 W BAYW @YW 86 W S5 W

24 N
23 N
22 N
21 N
20 N
19 N
18N

—————————— ' ‘ 17 N

L= | e — — —— = — e 15 N




C-130 Flights — 3/18/06

Dataget: 20060318 RIP: 20060318 Init: 0000 UTC Sat 18 Mar 06
Fest: 2100 h Valid: 2100 UTC Sat 18 Mar 06 (1400 MST Sat 18 Mar 06)
Terrain height AMSL

Mass weighted ©f integral

Trajectories from hour 15.167 to 23.717

Trajectories from hour 20500 to 21.500
106 T 105w 104 W 10237 102 TW 101 W 100WM 98 W BAYW @YW 86 W S5 W
= —
|
|

21 N

« prev day’s pollution far N
« same day over T-2

» comparison with G-1

e City run

» forest fire (overflew Tw.Otter)
» strong dust event on return leg

20 N
19 N
18N

—————— 17 N

*CMET balloons released during T-2 leg

18 N
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C-130 Flights — 3/19/06

Dataget: doml RIP: doml Init: 0000 UTC Sat 18 Mar 06
Fest: 36.00 h Valid: 1200 UTC Sun 19 Mar 06 (0500 MST Sun 19 Mar 06)
Terrain height AMSL

Mass weighted ¢S integral
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C-130 Flights — 3/19/06

0 500 1000 1500
n-Butane (pptv)



C-130 Flights — 3/19/06

Coordinated G1 - C130 - CMET Balloon Flights

28
-
26 -
24 -
N
=3 22 A
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C-130 Flights — 3/19/06

Footprint emission sensitivity in nested domain for c130_ 060319
Start time of sampling 20060319.212523 End time of sampling 20060319.212812
Lower release height 513 hPa Upper release height 512 hPa
Meteorological data used are from ECMYVF

http://zardoz.nilu.no/~a .
ndreas/MILAGRO_ET
C/

0.000 0002 0005 0.010 0.020 0.03%9 0078 0.156 0312 0.625 1.250 2.500

na f kn



C-130 Flights — 3/19/06

Footprint emission sensitivity in nested domain for c130_060319

Start time of sampling 20060319.214146  End time of sampling 20060319.214209
Lower release height 707 hPa Upper release height 695 hPa

Meteorological data used are from ECMWF

o

: :
! !
N ! ! ™

http://zardoz.nilu.no/~andreas/MILAG RO_ETC/

0.000 0.002 0.005 0.010 0.020 0.03%3 0.078 0.156 0.312 0.625 1.250 2.500
ps/kg



C-130 Flights — 3/19/06

28— 80

]
« comparison with DC-8 LT
 2-day old plume near TX coast /‘ 3
* 1 day old plume N of Tampico nterrey / -2

- tagged by CMET balloons . /7 - 53

» same day plume over T-2 %
» fireworks near T-2 49
» 3 days in one flight g

0

e same air masses observed on 3/18

!l’ ITU% n - 20
20—
T ﬁ% Y
olued 5 | lea Verdcruz
18—

Aca%ulco

\ \ \ \ \ \ \ \
-104 -102 -100 -98 -96 -94 -92 -90



MCMA plume processing

quite large NOx/NOy ratio observed even
1000 km (and >2 days) downwind

slow processing? PAN decomposition?
Other NOx sources?

NMHC still high but so are products
iIf slow processing - why?

MCMA outflow characteristics?
Radical losses?



“Lagrangian” opportunities

* many cases where one of the other two
“In-situ chemistry” aircraft either extend the
time base (DC-8, C-130) or provide
measurements for the starting conditions
for tomorrow’s plume (G-1, DC-8, C-130,
ground sites).

e comparisons !

 we tried to plan for this during flight
planning



C-130 Flights — 3/22/06

MCRO& 2006 03 22







C-130 Flights — 3/22/06

Datasget: 20060322 RIP: 20060322 Init: 0000 UTC Wed 22 Mar 06
Fest: 17.00 h Valid: 1700 UTC Wed 22 Mar 06 (1000 MST Wed 22 Mar 06)
Terrain height AMSL

Mass weighted ¢ integral

Trajectories from hour 15.683 to 22.683

Trajectories from hour 16500 to 17.500
106 T 105w 104 W 10237 102 TW 101 W 100WM 98 W BAYW @YW 86 W S5 W

=3 —

24 N

* preparation for next day . ) - | . o Al 28 N
- probe1 day old plume to NE ] ‘
 probe same-day during city run
* G-1 had sampled morning
» fresh fire plume in the S of MCMA

21 N

1720 N

————— 19 N

18 N

B 17 N

18 N

15 N



C-130 Flights — 3/23/06

Dataget: doml RIP: doml Init: 0000 UTC Wed 22 Mar 06
Fest: 4200 h Valid: 1800 UTC Thu 23 Mar 06 (1100 MST Thu 23 Mar 06)
Terrain height AMSL

Mass weighted ©f integral

110 7 100 7 90 W
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2-day old
pollution

Yesterday’s
pollution
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- fresh
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C-130 Flights — 3/28/06

Dataget: 20060328 RIP: 20060328 Init: 0000 UTC Tue 28 Mar 06
Fest: 12,00 h Valid: 1200 UTC Tue 28 Mar 06 (0500 MST Tue 28 Mar 06)
Terrain height AMSL

Mass weighted ©f integral

Trajectories from hour 10.117 to 17.483

Trajectories from heour 11.500 to 12.500

1067 105 W 104 W 10237 102 TW 1017 100W 98 W 88T @YW S6W S5 W

=T - \_—j'

24 N

=N P3N

* Sunrise flight
 probe1 day old plume
during night-day transition
» probe same air transported
further out at higher altitude

21 N

120 N

I I IR



C-130 Flights — 3/29/06

Datasget: 20060323 RIP: 200603290 Init: 0000 UTC Wed 28 Mar 06
Fest: 22.00h Valid: 2200 UTC Wed 29 Mar 06 (1500 MST Wed 29 Mar 06)
Terrain height AMSL

Mass weighted ¢ integral

Trajectories from hour 17.067 to 23.800

Trajectories from hour 21.500 to 22.500
106 W 105 W 104 W 103'“' 102 1017 100 W 99'"' BT 9Y M B86W S5 W

24 N

« stagnant meteorology ' ——dzN
* probe same air 3 times (2 worked)

» city run sandwiched in between

. probe yesterday S alr again SE of VER

22 N

21 N

{1720 N

19 N

18 N

17 I






