CalNex 2010
science goals, dates,

and strategies
Tom Ryerson — NOAA ESRL
Chemical Sciences Division

Major field study in May-June 2010

Led by ARB and NOAA; many

partners with independent goals
University researchers, NASA,
DOE, NSF, NRL, USFS, NPS

Surface-, aircraft-, ship-, and
space-based measurements;
complemented by Lagrangian and
Eulerian modeling studies

Will need to build on decades
of existing research in California
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ARCTAS-CA DC-8 flight tracks
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CalNex 2010 Ozone, ppbv
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CalNex 2010

Spatial and temporal pattern of
ozone and SOA is driven by:

background mixing ratios
diurnal transport patterns

precursor emissions distributions

Latitude

rates and yields of chemical
production pathways

deposition and removal processes
Improved understanding of

the complexity of these interactions
in California is a daunting task

CalNex - an integrated approach
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CalNex 2010

Ground-based monitoring stations

Measurements during CalNex:

Long-term surface observations

Latitude
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CalNex 2010

CALGEM (LBNL/NOAA) tall tower sites

Measurements during CalNex:

Long-term surface observations

Instrumented tall towers

Latitude
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CalNex 2010

Measurements during CalNex:

Long-term surface observations
Instrumented tall towers

Major intensive ground sites

Latitude

CalNex and CARES major ground sites
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CalNex 2010

Measurements during CalNex:

Long-term surface observations
Instrumented tall towers
Major intensive ground sites

Daily ozonesonde launches

Latitude

IONS-2010 ozonesonde network
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CalNex 2010

Measurements during CalNex:

Long-term surface observations
Instrumented tall towers

Major intensive ground sites
Daily ozonesonde launches

Radar profiler network

Latitude

Upper-air profiling sites
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CalNex 2010

CalNex and CARES aircraft operations

Measurements during CalNex:

Long-term surface observations

Instrumented tall towers
Major intensive ground sites

Daily ozonesonde launches

Latitude

Mobile research platforms
NOAA WP-3D & Twin Otter
CIRPAS Twin Otter
NASA King Air
DOE G-1
USFS Cessna
NOAA Ron Brown

Satellite observations 124 122 120 118 116 114

TES, OMI, Sciamachy, IASI

Lonaitude



CalNex 2010
NOAA science goals

Emissions evaluation

Chemical processing

e 0zone production
aerosol radiative effects
SOA chemistry
nighttime processing
halogen activation

Transport and meteorology

Forecast model evaluation

Today: a brief tour, with a few
examples of study plans

v

noaaresearch
NN NN NN

2010 CalNex

Science and Implementation Plan

Research at the Nexus of Air Quality and Climate
Change

6 October 2008

http://esrl.noaa.gov/csd/calnex/scienceplan.pdf



NOAA WP-3D payload - CalNex 2010 Emissions

evaluation
- : y t . - will be a focus
nstrumen gasuremen ime resolution .
0, ozone Isec in CalNex
CO carbon monoxide 1 sec
SO, sulfur dioxide 3 sec
CO,and CH carbon dioxide and methane 1 sec .
; ! anthropogenic
biogenic

biomass burning

agricultural

GHGs
and
soot

TDL H,0O water vapor 1 sec T
cloud probes drop size and morphology 1 sec short-lived

position and meteorologyaircraft location, T, P, winds, etc. 1 sec species linking
AQ and climate



Addressing CalNex science questions

Emissions

A. How can we improve the emissions Critical uncertainties remain in our
inventory for greenhouse gases, ozone and understanding of 1) the processes
aerosol precursors including emissions from by which primary emissions are
sail, ships, agriculture and other non-industrial | transformed within and removed

or transportation related processes? What from the atmosphere, and 2) how
measurements can help validate the use of aerosols interact with the radiation
satellite data for hiogente VOC and NOx flux in the atmosphere.

emission inventories?

B. What emissions (natural and anthropogenic) and processes lead to sulfate formation over
Californin coastal waters and in urbanized coastal rreas? What is the contribution from ship
emissionsT How does Southern California compare and contrast with the San Francisco Bay
Area?

C. What sources and processes contribute to atmospheric merenry concentrations in
California?
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Emissions studies

Enhancement ratios
relative to CO and CO,

can be compared directly to
inventory values for
anthropogenic emissions

- VOCs, NOx, CH,, halocarbons, N,O
- use 2002, 2008, & 2010 aircraft data
- link to long-term WGC tower record

» Detailed P-3 chemical data
can be used to

- differentiate between sources
- differentiate transport pathways
- quantify chemical processing



Addressing CalNex science questions

Emissions _ — - Emissions studies

A. How can we improve the emissions Critical uncertainties remain in our
inventory for greenhouse gases, ozone and understanding of 1) the processes
aerosol precursors including emissions from by which primary emissions are .
soil, ships, agriculture and ofher non-industrial | transformed within and removed Can we better quant|fy
or transportation related processes? What from the atmosphere, and 2) how
measurements can help validate the use of aerosols interact with the radiation NO , N H , CH , & NZO
satellite data for biogenic VOC and NOx flux in the atmosphere. X 3 4
emission inventories? emissions from

B. What emissions (natural and anthropogenic) and processes lead to sulfate formation over .
Califormia coestal waters aud in urbenized cosstal sreas? What is the contribution from ship the agricultural sector?
emissionsT How does Southern California compare and contrast with the San Francisco Bay
Area?

C. msqnfrmmdpmmrihmmmhﬁcmmymmﬁmain include |mperia| Valley ﬂights
California compare to satellite columns

Stoichiometry of CH, and CO; fiux in a California rice paddy _ o
Andrew M. 5. McMillan,! Michsel L. Goulden." and Stankoy C. Tyler! AQflCUlturaI emissions

Revcived [2 Mande 2006; pevised 27 Scphanber 2008 scceptel 19 Octoler 2005 published 3 Folranty 2007,
1

Blake VOC sampling grids and

T’ 2008 ARCTAS DC-8 data show
%a the high spatial variability of sources

High temporal variability is driven by
planting, irrigation, and fertilization cycles

SJV supersite will anchor P-3 flights

Repeat P-3 flights through growing season
Figmre 3. Half hoordy vaboes of Frge for 2.5 years. A negative value indicates the Joes of CO. from the

mmmmgmmw (4. po b g to observe changes in ag. activity over time
perinod prior to drainege when dlﬂymomeuojmﬂm"s_I'Mhi)-ﬂhm
period sfiey dminsge when the daily averape of Foog was 1.7 ol m™ 5™ (rigit box).




Addressing CalNex science questions

Emissions
A. How can we improve the emissions

inventory for greenhouse gases, ozone and
soil, ships, agriculture and other non-indostrial

or transportation related processes? What

measurements can help validate the use of

satellite data for biogenic VOC and NOx
emission inventories?

Critical uncertainties remain in our
understanding of 1) the processes
by which primary emissions are
transformed within and removed
from the atmosphere, and 2) how
aerosols interact with the radiation
flux in the atmosphere.

B. What emissions (natural and anthropogenic) and processes lead to sulfate formation over

Californin coastal waters and in urbanized coastal rreas? What is the contribution from ship
emissionsT How does Southern California compare and contrast with the San Francisco Bay

Em

Issions studies

Sulfur budget of LA Basin

Research vessel will sample
ship emissions (ports, offshore)

Areal combine with WP-3D data
C. What sources and processes contribute to atmospheric merenry concentrations in
California?
Track changes (2002-2008-2010)
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Addressing CalNex science questions

Chemioal Transformation and Climate _ _ Processing studies
Frocesxes Both climate change and air quality
D. meprmmehmnlm problems; originate frorfn sgpi?ty’s ) ]
ﬁm’“m“’;' gﬁ@w&mm'mzmwm 'i;flgf,‘?;%g;?;{f%‘;éf ggﬁ o , — Oxidation rates and
m@nﬂlnﬂelxm alifornia alocarbpons, black carbon, aerosols 1
mwmmmm and air pollutants and their _ Secondary prO(.jUCt formation
E. What are the sources and physical ft)r:ifzgfogu(r\i(ridcérggﬁaigzéfﬁhoésa; LA-SJV differences?
mechanisms that contribute to high azme emissions on both regional and
concentrations alafl that bave been observed | global scales is critically limited. 500 | _
in Central and Sounthern California? Air District
F. Are there dgnificant differences between Central Valley and South Coast Alr Basin ~O— South Coast
precorsors or ozome formafion chemistry? Will meteorological and/or precursor
differences between the Central Valley and the South Coast Air Basin lead to different 400 ~V— Sacramento Valley
chemical transformation processes and different responses to emissions rednctions? What is 1 ;;r: Ih:l'jr;:lx.“"
the importance of namral emissinns to the ozons formation process? Are there reginnal
differences in the formation rates snd efficiency for particolste matter as well? < 3001 B
G. What are the impacts of serosols in California on radiative forcing and doud H ;‘vﬂ
formation? What are the most important precnrsors and formation processes for secondary E,; . .
© 200+ S‘,y %WJ«_
» Use P-3to connect LA and SJV 100~ i
. . . |Maximum 1-hr avg. 03|
supersite observations during CalNex N I
350 T —
o _ o o D
* Emissions mixes are quite different 300 Z3 Son Joaguin valey
between the two basins 250 A San Francisco
z ?00—/ -
« How will this be reflected in differences 5 ‘5"‘%6 JW'\ -
between secondary photoproducts? oo X Paan KPR
P-3: O,, HCHO, CH,CHO, OVOCs, o | _
Maximum 8-hr avg. O
RONO,, PANs, (PAN/HNO,), etc. —
1980 1990 2000




Addressing CalNex science questions

4 &8 ¥ B #

JACOBSON: AGRICULTURE EFFECTS ON AIR AND CLIMATE

Processing studies

— Oxidation rates and
secondary product formation
LA-SJV differences?

Gas-to-particle conversion
of HNO; and NH,

Nocturnal chemistry and transport

Aerosol-cloud interactions

Central Valley aging and layers aloft

Repeatedly sample fresher vs. more oxidized
air within South Coast and Central Valleys
in the mixed layer & aloft (day and night flights)

Evaluate biogenic influences on CO, & CH,
via Lagrangian flights anchored by WGC tower

Determine effects of anthropogenic vs.
agricultural emissions on ozone and SOA



Addressing CalNex science questions

Satellite-derived day-of-week
differences in California urban
tropospheric NO, columns

Thu.

ormalized by the value on

Thursday value

NO, columns normalized by

KO, columnn

UB SCIAMACHY —&— Saltlakecity
0, S=ason Data —+— Lasvegas
=%— Reno

Opportunity for studying multiday events
(day — night — day studies)

Frontal passage (rare, but they do happen)
gives a chance to observe pollutant
buildup after clearing out

Basin exchange times from multiple looks

Processing studies

— Oxidation rates and
secondary product formation
LA-SJV differences?

Gas-to-particle conversion
of HNO; and NH,

Nocturnal chemistry and transport

Aerosol-cloud interactions

Central Valley aging and layers aloft

Repeatedly sample fresher vs. more oxidized
air within South Coast and Central Valleys
in the mixed layer & aloft (day and night flights)

Evaluate biogenic influences on CO, & CH,
via Lagrangian flights anchored by WGC tower

Determine effects of anthropogenic vs.
agricultural emissions on ozone and SOA



Addressing CalNex science questions

Frocesxes

. How inportent sre chennical processes
occnrring at night in determining transport
and / or loss of nitrogen oxides, reactive VOC
and ozome? Do regional models in Califomia

Both climate change and air quality
problems originate from society’s
increased emissions of radiative
forcing agents (CO2, CH4, N2O,
halocarbons, black carbon, aerosols)
and air pollutants and their
precursors (VOC, NOx, SO;, CO, air
toxics). Our understanding of these
emissions on both regional and
global scales is critically limited.

Processing studies

Oxidation rates and
secondary product formation
LA-SJV differences?

. Are there dpnificant diiferences between Central Valley and South Cosst Air Rasin

precorsors or ozome formafion chemistry? Will meteorological and/or precursor
differences between the Ceniral Valley and the South Coast Air Basi lead to different
chemical transformation processes and different responses to emissions reduetions? What is
the importance of namral emissinns to the ozons formation process? Are there reginnal
differences in the fonmation rates smd efficiency for particolste matter as well?

. What are the impacts of serosols in California on radiative forcing and dond

formation? What are the most important precnrsors and formation processes for secondary

— (Gas-to-particle conversion
of HNO; and NH,

Nocturnal chemistry and transport

Aerosol-cloud interactions

.*\llilml:.' (ki)

NEUMAN ET AL.: PARTICLE FORMATION OVER CALIFORNIA
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LA aerosol and ozone formation

Transects upwind and above LA ground site;
continue through Riverside and downwind

Should have measurements that fully constrain
NH; + HNO; < NH,NO,

The P-3 in 2010 will bring aerosol extinction,
absorption, and soot mass to this classic aging
experiment



Addressing CalNex science questions

Processing studies

Examples of nighttime data

(Houston, 2006) o
Oxidation rates and

secondary product formation
. E. LA-SJV differences?

Gas-to-particle conversion
of HNO; and NH,

__
B
:
o)
15

—— Nocturnal chemistry and transport

Aerosol-cloud interactions

A%
'w=
& NO, Sources |EV ’\

Urban Areas | 3% NO; (pptv)

Nighttime chemistry of NO; and N,O
N,O, — CINO, on sea salt d Y 3 275
N = R Sample urban plumes aloft after dark
8007 2 - 400
2 z
& = Ftls determine {N,O:) on NH,NO, particles
2 400 - 200 §
U S
A i evaluate NO, and O, loss vs. transport
0 [ L e e B T
21:00 23:00 01:0p 03:00 05:00 0f:00 09:00 11:00 13:00 . . .
2.5ep.2006 : study VOC sinks and halogen activation
Large mixing ratios Local tim
(up to 15% of NO,)
Sunrise
N,O; and CINO, are correlated.




Addressing CalNex science questions

R/V Brown

Microwave -
Radiometer: LWP . DopplerLidar.
updraft velocity
SSFR: Cloud optical _ J'-:__ . ——— In-situ aerosoal,
depth e CCN

Aerosol-cloud interaction studies:
contrast clean and polluted marine stratus

in situ and remote sensing from the
NOAA research vessel

remote sensing from NOAA WP-3D

Processing studies

Oxidation rates and
secondary product formation
LA-SJV differences?

Gas-to-particle conversion
of HNO; and NH,

Nocturnal chemistry and transport

— Aerosol-cloud interactions




Addressing CalNex science questions

Lidar Observation of Elevated Pollution Layers over Los Angeles™

ROGER M, WAKIMOTO
D of Atmospheric Sviences, University of California. Los Angeles. CA 90024

James L. MCELROY
U.S. Envi ! Py ion Agency, Envi | Monitoring S) Labh ry, Las Vegas, NV 89114

(Manuscript received 25 January 1986, in final form 26 April 1986)

ABSTRACT

Elevated pollution layers are observed o LosAnsHenvmhanmmmﬁ ipped with a
lidar. For the first time, detailed a m]iary ppcr—a" kincmatic and thermodynamic data were wllecled smm]

NOVEMBLR 1986 ROGER M. WAKIMOTO AND JAMES .. McELROY 1595

August 10, 1984
LIDAR Observations

a
o0 B o August [0, 1984
f_'__:?’__.--” 2 Porential Temperature
LR ~ ~ :
2 e A _\soo}—

----------------
..........

Transport studies

use chemical measurements to
define pathways for export of LA
Basin and Central Valley pollution

 Long history of studying transport
aloft in the LA Basin:

- 1984 UCLA/EPA airborne lidar

- 1997 Caltech/CIRPAS in-situ
aerosol measurements

* Hope to extend existing studies
by joint work with NOAA Twin
Otter airborne lidar, CIRPAS Twin
Otter aerosol, and combined
aerosol and gas-phase data
from the NOAA P-3



Alt., km

Latitude

Addressing CalNex science questions

Transport studies

NOAA WP-3D in-situ data - 2002

use chemical measurements to

5 .
4 define pathways for export of LA
3 Basin and Central Valley pollution
2
20 —11) A [s}—[a]—os
1 1 12]
X ‘
o o J\‘J\ﬂ MMFM o, v M 00
34.2 s
34.0
s Chem. data shows export is
highly variable in time
- need vertical profiles over same
39 E locations at different times
» - May 13, 2002 g.g., Igear Cgl_tallrll;\ & over
: colored by CO| an Bernardino Mountains
! ! ! Repeat often to build stats;
-118.5

-119.0 -118.0 -117.5 -117.0 -116.5 . .
even better with several aircraft

Longitude



Altitude, MSL

Altitude, MSL

Average Ozone in PBL, ppbv
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Addressing CalNex science questions

NOAA Twin Otter airborne lidar data - 2006

Ozone, ppbv

Ozone curtain
I |} T W TH )
| 1 1 |
1 )
1

PBL Ozone
Max
Average
Min

9:00 PM
8/14/06

10:00 PM 11:00 PM 12:00 AM

8/15/06
Time. GMT

Latitude,

Transport studies

use chemical measurements to
define pathways for export of LA
Basin and Central Valley pollution

" INOAA Twin Otter | &,
Ozone lidar
average in PBL

29.0 —

T | | | |
-96.0 -95.5 -95.0 -94.5 -94.0

Lonaitude.

Joint flights with P-3, Twin Otter,
and NASA King Air will be useful



Addressing CalNex science questions

The CalNex study will need to build on findings from ARCTAS

- emissions characterization

- chemical processing

- transport and mixing

- model performance evaluation

CalNex will add unique capabilities:

- agricultural emissions

- NH;-HNO;-NH/NO, cycling
- nighttime chemistry

- halogen activation

- transport between basins

- BL-FT exchange processes

An invitation to the ARCTAS community to participate



