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Motivation of the German DLR Falcon team to
participate in DC3 —
Deep Convective Clouds and Chemistry
Experiment

- Quantification of lightning-produced NO, (LNOx)
(fresh and aged) )
including tracer transport and
O, production

- Aerosol characterization (fresh and aged)
in thunderstorm inflow/outflow and
in biomass burning (BB) plumes

i DLR




1. DC3 Field experiment design:

- role of the German DLR Falcon
- Falcon instrumentation
- Falcon flight tracks
2. Falcon mission flights in summer 2012 (KS):

- general overview

- selected flights: 12 June "fresh LNOx" (CO/KS) + BB
30 May "fresh LNOx" (OK/TX) + BB |
8 June “aged LNOx" (CO/KS) + BB

3. Summary




DC3 field experiment design
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Instrumentation on the German DLR Falcon during DC3
Aircraft base in Salina (KS)

T
particle size & distribution




-

Nerwegian Sea

CANADA

|
I'“'”\néu.i.-g

-® 13 DLR Falcon DC3 missions # ’
Hom 29 May - 14 June 201 ~ 3
= ~40 Iocal flight hours Z

Carrbbeun SEu R

5 x
WAL iGER] SUDA
Gal - EHAD -
by - : i x 3 . "
[——— - .
T.I'EI'IILI'ELA - " i

CTRERAL RFFCAN LB =

TR0

t.nwr"’ miles

g'gwf @ : "-,ﬂ
?\.J © 2012 NAVTEQ ImagecuurtesyquA N 12-M|arepp L




MODIS fire locations:
9-18 June 2012

High Park (CO):
<400 km downwind

Whitewater-Baldy (NM):
<600 km downwind

Little Bear (NM):
<800 km downwind




EDLR CO Falcon -DC3 2012 - Local
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4#7 SO, Falcon - DC3 2012 - Local
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EDLR NO Falcon - DC3 2012 - Local

pressure altitude /km
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- 30 May (b) supercell
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Aged LNOx plumes (12-24 h)

intercepted on:
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Vertical profiles: 250 m mean values
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NO, mean vertical profiles

TROCCINOX_2004
== TROCCINOX_2005 |
= CONTRACE_2003
e SCOUT_2005
AMMA_2006
EULINOX_1998 7
==@= DC3_local_2012 .
» DC3_transfer_2012 |

NO, mixing ratio /nmol mol”

|
|
|
|
|
L
2 3 4

DC3.

On average very high
NOx mixing ratios in the
UT (mainly LNOx)
compared to other
Falcon thunderstorm
campaigns in Europe,
South America, Africa
and Australia.

In a DC3 supercell and
MCS similar average
NOXx mixing ratios (~2-3
nmol molt) as in Hector!

BL-NOx similar as over
Africa and Europe.

Vertical profiles: 250 m mean values



#7 0, Falcon - DC3 2012 - Local
DLR
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Main DC3 objective: quantify O, production in UT from LNOx
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Falcon flight on 12 June 2012: Squall line (border CO/KS)
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Falcon flight on 12 June 2012: Squall line (border CO/KS)
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O, mixing ratio /nmol mol™
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Falcon flight on 12 June 2012: squall line in mature stage

>11.9 km

2X Tropopause

Photo: http://www.top-wetter.de/spezial/ueber_den_wolken/ueber_den_wolken 24.shtml




Pressure | CO Mixing | O, Mixing | NO Mixing Ethane, Propane,

DC3 Flight Altitude, Ratio, Ratio, Ratio, pmol mol! | pmol mol*
Number, Date, km nmol mol? | nmol mol? | nmol mol
Flight a or b,
anvil time
F#12 120612a 10.3 120+3 7314 0.6+0.2 - -
84536-85260 s (113/126) (65/85) (0.2/1.1)
upward (inside)
fNetto Impact 10.4 T™N12143 4 82+14  10.740.5 - )
84210-85400 s
Background 10.3 10611 120+1 - - -
\87939-87965 S )
F#12 120612a 11.6 123+2 7214 1.5+0.4 ™ 821/1073 1°656/615
85996-86999 s (117/129)  (60/80)  (0.8/3.1) (BB) (BB)
upward (inside)
( Netto Impact ~ 11.6 1821/1073 1-656/615)
85910-87650 s -30%! (BB) (BB)
Background 11.3 +20% mature X8 - -
\_87659-87832 s saL> Y
BB plume 976 454
(BL~2km) outflow
penetrates
into LS




Falcon flight on 30 May 2012: Supercell (border TX/OK)
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O, mixing ratio /nmol mol
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O, mixing ratio /nmol mol
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Falcon flight on 30 May 2012: supercell in dissipating stage

>10.7 km

Zx Tropopause

Photo: http://www.top-wetter.de/spezial/ueber_den_wolken/ueber_den_wolken 24.shtml




Pressure | CO Mixing | O; Mixing | NO Mixing | Ethane, Propane,
DC3 Flight Altitude, Ratio, Ratio, Ratio, pmol mol! | pmol mol?
Number, Date, km nmol mol? | nmol mol?! | nmol mol!
Flight a or b,
anvil time
F#4 300512b 10.3 10343 8215 0.240.1 - -
86852-87133 s (97/110) (69/92) (0.1/0.5)
upward (outside)
87134-87323 s 9.2 ] ] \
downward
(inside)
87324-87440 s 9.1 - -
- 4 -+
upward (inside) M117x16 | 110220 | 1M1.8*+1.3
+20% +20%! x36
87441-87577 s 9.1 o ; ]
downward dissipating
\ (inside) supercell /
87578-87838 s 9.1 98+6 K 0.05+0.01 - :
upward (outside) (89/120) strat. O, | (0.03/0.08)
s int
" Netto Impact 9.5 1108+14 | MO 1 A1.041.3 i - )
86852-87838 s troposphere
Background 9.5 9712 8614 0.05+0.03 - -
\_ 83988-84040 s




Falcon flight on 8 June 2012:
Flight over Kansas in aged outflow (12-24 h) from squall line
over Colorado




BB plumes from New Mexico advected to Kansas
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Falcon flight on 8 June 2012: aged SQL outflow (12-24 h)
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O, mixing ratio /nmol mol
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Falcon flight on 8 June 2012: aged SQL outflow (12-24 h)

>11.6 km
2Xx Tropopause
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Pressure | CO Mixing | O; Mixing Ethane, Propane,
DC3 Flight Altitude, Ratio, Ratio, nmol pmol mol! | pmol mol*
Number, Date, km nmol mol- mol1
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Summary of the DC3 Falcon measurements

Fresh and aged LNOXx successfully measured:

- on 30 May, 8 June, 11 June, and 12 June 2012

- in MCS, squall lines and isolated supercells

- repeated penetrations and long flight duration times in selected anvil outflows
covering lower outflow boundaries up to 12 km

- highest NOx mixing ratios (mean 2-3 ppbv) in supercell and MCS outflow
(comparable to Hector in Australia)

- LNOx mixed into the lower stratosphere (LS) and LNOx mixed with BB plumes

O; in fresh and aged LNOx plumes:

- in general O, decrease compared to background observed (upward transport)

- frequently stratospheric intrusions at the anvil outflow edges enhance O,

- frequently direct downward transport from UT/LS into the anvil enhances O,

- downward transport of O,-rich air dominates in aged LNOx outflow™*"

- photochemical O, production is not a prominent feature

— Strong UT/LS exchange caused by DC3 thunderstorms (2x tropopause & strat. intr.):
Role of thunderstorm intensification by ingested BB plumes?

NEWQutside thunderstorms (“=obstacles”): lofted BB plumes mix with strat. intrusion




