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Today’s flight plan

e Alpha Jet Atmospheric eXperiment (AJAX) overview

* Introduction to our measurements

e Example flight missions:

Flights capturing stratospheric intrusion and impacts on air quality.
Onshore-Offshore vertical profiling.

San Joaquin Valley & San Francisco Bay Area boundary layer profiling.
Flights to sample wildfire plumes.

Future flights

e Where to find out more
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AJAX overview

e Partnership with H211, LLC since 2008
* Total flights to date: 178

Ceiling 50,000 ft (~14 km)

Speed 150-550 knts (~75-280 m/s)
Range ~1,000 km

Endurance | 2-2.5 hrs
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Modified Picarro (2301-m) measures CO, Modified 2B technologies (model 205)
and CH, located in center- and tail- sections measures O; and Meteorological
of the wing-pod Measurement System (MMS) located in the

front/nose section of the wing-pod

Plus recently installed formaldehyde instrument in separate wing-pod! A



Ozone instrument

Commercial unit (2B Technology Model 205) measures ozone (O;) in ambient air (0.5 Hz)
using UV absorption (254 nm)

Ozone Monitor

O; Instrument

« Simultaneously measure differences between O;-scrubbed air and un-scrubbed air.

« Airintake is Teflon tubing (perfluroalkoxy-polymer, PFA).

« Eight-point calibrations (ranging from 0 — 300 ppb) before and after each flight,
referenced to WMO scale.

« Modifications: vibration isolators, UV lamp heaters, upgrade of pressure sensor,
temperature controlled box, replacement of fittings to meet aircraft operating conditions
and requirements
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Greenhouse gas instrument

Commercial unit (Picarro model G2301-m) measures carbon dioxide (CO,), methane
(CH,), and water vapor (H,O) in ambient air using cavity ring-down spectroscopy.

« Near-infrared absorption in narrow, well-resolved, sharp
lines, each at a characteristic wavelength.

« Effective pathlength of many km.

 Repackaged to meet environmental and safety
specifications and to fit in wing-mounted payload pod.
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Meteorological Measurement System (MMS)

Provides high-resolution pressure, temperature and 3D winds.

Consists of three major systems:
* air motion sensing system to measure the air velocity with respect to the aircraft
« aircraft motion sensing system to measure the aircraft velocity with respect to the earth
« data acquisition system to sample, process and record the measured quantities.

151209 AJAX flight #176 Prelim MMS P,T, and Winds
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Formaldehyde instrument

COmpact Formaldehyde FluorescencE Experiment (COFFEE) was
developed and built at NASA GSFC specifically for integration into a wing pod

on the Alpha Jet at NASA ARC.
Instrument Characteristics
- Time response: <1 sec

— - Sensitivity: 100-150 pptv/1 sec
. e - Accuracy: +/-20%

- datals
data 10 s bin avg| |

- cal system

- used for cal fit
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Where we fly
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1) AJAX samples filament of high ozone

5 June 2012

2) Modelled ozone indicates filament of stratospheric air

descending into the troposphere”
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June 5-7, 2012 Thunder Basin 1-Hour Average
Ozone and Relative Humidity

Wyoming State determined that a
stratospheric intrusion created
elevated ozone readings resulting in an
ozone standard exceedance at the
Thunder Basin, Wyoming on June 6,
2012

“Modelling conducted by Brad Pierce (NOAA/NESDIS)

Yates, E. L., etal., (2013) A.C.P,, 13, 12481-12494, doi: 10.5194/acp-13-12481-2013.
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Comparing offshore and inland vertical profiles

8 August 2012
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« Dobson Unit summation method (Cooper et al., 2011, doi: 10.1029/2011JD016095)

* May-October: Dobson Unit sum of O below 2 km inland (SJV) exceeds that offshore by up
to 21%, implying net O; production over the SJV and/or vertical transport.

» During extreme events (STT) laminae of enhanced or depleted O, are observed in the
offshore and SJV profiles at different altitudes, demonstrating the scale of vertical mixing

during transport.
Yates et al., (2015) Atmos. Environ., 109, 342-350, doi: 10.1016/j.atmosenv.2014.09.002 16



Pearson Correlation Coefficient R®

Correlation of offshore layer mean O, with Merced surface O,
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Correlation analysis method (Parrish et al., 2010, doi: 10.5194/acp-10-10093-2010) 17
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Correlation of offshore layer mean O, with Merced surface O,
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Profiling the San Joaquin Valley &
San Francisco Bay Area boundary layer
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Summarizing SJV & SFBA flights
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Comparing boundary layer flights

e Jan 2013 (during DISCOVER-
AQ-CA): well-mixed Os.

« Nov 2014: latitudinal gradient
down SJV (Stockton=less O,
Madera=more O,).

Daily Max 28-Jan-13 10-Nov-14 ==

San Jose 33 35 i&
Stockton 37 49 v
Modesto 34 edeiilie, ¥
Merced 31 67
Madera 35 67

CH, analysis: Johnson, M.S. et al., 2014, Atmos. Environ., 99, 2014, doi: 10.1016/j.atmosenv.2014.09.068.
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SFA outflow

« Offshore flow: Offshore O,
20-30 ppb higher than inland,
elevations also in Carquinez
Strait.

) Googleearth

* Onshore flow: O,
enhancements of 15-20 ppb
higher than “offshore
background”

"CT\_nrloc’I:.‘r

(.oog_lc_ear;tg

CH, analysis: Johnson, M.S. et al., 2014, Atmos. Environ., 99, 2014, doi: 10.1016/j.atmosenv.2014.09.068.
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Valley Haze

Rim Fire, 19 August 2013, north of Yosemite (Bear Valley)

Sampling emissions from forest fires

24
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Rim Fire — 29 August 2013

Courtesy Rob Simone 26



Rim Fire — 29 August 2013







Rim Fire: Emissions vs time
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* Smoke Emission Estimation (EES) model

E.L. Yates, et al., 2016, Atmos. Environ.,
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In Press, doi:10.1016/j.atmosenv.2015.12.038. 29
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Rim Fire: GHG emissions

26 Aug 2013: 1° = 0.85Y = 8.03x +34.86
27 Aug 2013: ¥ = 0.33 Y = 5.74x +31.00
29 Aug 2013: ¥ = 0.92Y = 6.49x +26.79
10 Sep 2013: " = 0.97Y = 18.28x +-7.67
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Aircraft data:

« Highest enhancements 26 Aug

 Fresh emissions 26 & 29 Aug

« Aged emissions on 27 Aug

* Increased CH, emission ratio
during increased smoldering

E.L. Yates, et al.,
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2016, Atmos. Environ.,

20Aug 13 25Aug 13 30Augl13 04 Sep 13 098ep13 14 Sep 13

In Press, doi:10.1016/j.atmosenv.2015.12.038.

PM,, emissions (ug/m°)
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Rim fire: High ozone within plume not observed at
surface sites

Valley smoke

GPS Altitude (m)

| ‘ |
21:07 21:35 22:04
Time (UTC)

Daily Peak P&
Thursday, At

Thursday, At

W Skos

No O, exceedances downwind of Fire

E.L. Yates, et al., 2016, Atmos. Environ., In Press, doi:10.1016/j.atmosenv.2015.12.038. 31



View from Donnell Vista during Rim fire
on 29 August 2013 Courtesy Matt Roby 32




Rough & Cabin fires: 19 August 2015

Fire Activity Detected By GOES
Last 0 To 6 Hours
Last 6 To 12 Hours

® Uast Y270 24 Hours

@ 6 Days Previous To Last 24 Hours

Rough Fire Active

Cause Lightning/natural
Date of Origin 31-Jul-2015
Size 32,414 Acres
Percent of Perimeter
Contained

3%

Timber (Litter and Understory)

Fuels Involved Chaparral (6 feet)
Tall Grass (2.5 feet

Cabin Fire smoldering

Cause Lightning
Date of Origin 19-Jul-2015
Size 6,940 Acres
Percent of Perimeter
Contained e o 0 g )
Fuels Involved Timber (Grass and Understo RN GOOgIC earth

96%

33
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Rough/Cabin fires: Comparing ratios
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Smoke surrounding the Rough fire has
highest emission ratio for CH, (relative to
CO,) observed by AJAX from wildfires:
24 ppb CH, per ppm CO.,.

Previous night, smoke settled into San
Joaquin Valley, stagnant conditions
during flight = likely mixture of
urban/agriculture and fire emissions.

Smoke around the Cabin fire has more
overall CO, & O, than that surrounding
the Rough fire.

Both fire regions have similar emission
ratios for O, (relative to CO,) and indicate
O, production.
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Rough/Cabin fires: Impacts on air quality

Sequoia & Kings Canyon Natl Park

100
——38hr average e Exceedances 8hr Av

O3 (ppb)

07/31/1508/10/15 08/20/15 08/30/15 09/09/15 09/19/15 09/29/15 10/09/15 10/19/15 10/29/15

O; & PM, - near Rough fire — SJV impacted for prolonged period
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Current & future plans: Sampling LA outflow to
Mojave desert

R. (Tony) VanCuren/Atmosphenc Environment 109 (2015) 331-341

e e 0« LA & SJV have large pollution

e B & impacts downwind in Mojave.

* 4 AJAX flights to date
(including Aliso Canyon CH,
sampling).

# axceedances of 1hr 70 pb O, std: Barstow

"« Working with Tony VanCuren
to plan flights this summer. / N




Current & future plans: Capturing the coastal
barrier jet during atmospheric rivers

- e e
e

‘Chew‘s Ridge

C()Oglc earth

CalWater 2015

NOAA HMT Network . DOE G-1
(Sterra Nevodo & Coastol Ronges) Aerosols,

Wind Profilers, Radars, GPS Met : Microphysics

NOAA R/V Ron Brown
DOE ARM Mobile Facility 2,
Air-Sea Fluxes, Precipitation
Estimates, Radiosondes,
Ozonesondes

Cloud & Aercsol Remote Sensors,

Microwave Radiometer
- -AIOAA WP-3D

Precipitation and Cloud Radar, Dropsondes
(NOAA), AXBTs (NRL), Cloud Probes

NOAA G-IV

Dropsondes (NOAA), Precipitation Radar,
Airbarne GPS Radio Occultation, Ozone




Find out more

Alpha Jet (N2165) ¥  2014-08-06T19:36:17Z (About 42 seconds ago) ¥ Actions ¥
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* Follow us in NASA's Airborne
Science "Mission Tools Suite":
http://airbornescience.nasa.gov
[tracker/

«  Twitter: @NASAAJAX
* Instagram: @nasa_ajax
*  YouTube:

“NASA AJAX”

"NASA Ames Stars in Documentary
About Climate Change"

"Years of Living Dangerously"
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https://www.youtube.com/watch?v=ZtGQLrkepes
https://www.youtube.com/watch?v=slLTUMgEoFM&feature=youtu.be
https://www.youtube.com/watch?v=brvhCnYvxQQ
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