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Compelling Evidence for
Stratospheric Ozone Intrusion
• Langford “Stratosphere-Troposphere Transport (STT) and
Surface Air Quality” EPA Webinar, Oct 11, 2011:
– Most extratropical STT occurs through tropopause folds extruded
beneath the jet stream circulating around upper level lows.
– Often results in high ozone concentration plumes that can remain
above the boundary layer but that sometimes mix to the surface.

• Well documented in measurement studies using LIDAR
vertical ozone profiles and aircraft data.
• Stratospheric intrusion (SI) is represented in global scale
chemistry transport models (GEOS-Chem, AM3, MOZART)
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Characteristics of Stratospheric Ozone
• Air mass has very low relative humidity (RH)
• Elevated potential vorticity (PV)
• Low PM and CO concentrations and low ratios of O3/PM
and O3/CO.
• Elevated beryllium-7 concentrations.
• Ozone increase typically occurs rapidly, at any time of day
or night.
• More likely to occur in spring when photochemical
produced ozone is low, but can occur in other seasons.
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Challenges in Analysis of Stratospheric Ozone
• SI ozone might occur but remain isolated above the boundary
layer, e.g., during a summer subsidence inversion that also favors
photochemical ozone production.
• SI ozone sometimes results in ozone increases during the day
time when photochemical production also occurs.
• Difficult to distinguish ozone from SI and International transport.
• Photochemical ozone events also occur during winter – can be
difficult to identify SI vs winter photochemistry.
• SI can contribute to typical background ozone – this would
probably not be considered an EE.
• Lack of ozone vertical profile data.
• No archiving of some meteorology and satellite data sets.
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Current Regulatory SI Analysis Efforts
• WY and CO are leaders in analysis of stratospheric
ozone intrusion and have flagged several events as
stratospheric intrusion:
– WY flagged ozone stratospheric intrusion events:
February 27-28, March 6-7, and March 10-13, 2009

http://deq.state.wy.us/aqd/Exceptional%20Events/SouthPass/2009Events/SouthPas
s_Feb27_March7_March10_13_SI_Package.pdf

– CO flagged May 24, 2010, Stratospheric Intrusion

http://www.colorado.gov/airquality/documents/TSD_O3_Intrusion_Event_052410.
pdf
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Approval of Flagged SI Events
• No EPA Region has concurred on a flagged ozone SI event
– historically the Regions has not acted if the flagged data
does not affect attainment status.
• It is much more likely that SI events will affect attainment
status with the 75 ppb O3 NAAQS.
• 2011-2013 ambient data shows several possible SI events
during which ozone exceeds 75 ppb.
• EPA Region 8 is reviewing and expects to approve some of
the SI flagged data submitted by CO and WY.
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Goals of the Ozone SI Workgroup
• Develop standardized technical methods for analysis of SI.
• Promote collaboration and data sharing between the
states, academics and federal researchers.
• Promote archiving of key data sets.
• Reduce effort needed to prepare and review SI packages.
• The workgroup will not specify criteria for approval of EE
or make determinations of whether flagged data can be
approved by EPA.
• Cannot make recommendations on policy or how EPA
could use this information.
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Workgroup Resources
• State meteorologist and modelers
• RAQM forecast model (Brad Pierce, NOAA)
• Lidar Pilot study – continuous O3 profiles (Mike
Newchurch, UAB; NOAA Boulder Lidar group).
• NASA AJAX aircraft program (Emily Yates, NASA)
• Workgroup members are limited to government
employees but outside experts can provide
information.
8

3 TOLNet lidars Measuring Ozone Below 100 m

TOLNet is an emerging ground-based network making the first ozone lidar
profiles from < 100 m to the stratosphere.
•

•

JPL

ESRL

GSFC
LaRC
UAH

Mike Newchurch1, Raul Alvarez2, Russell DeYoung4, Mike Hardesty2, Shi Kuang1, Andy
Langford2, Thierry Leblanc5, Stuart McDermid5 , Tom McGee3, Christoph Senff2, John
Sullivan3
5 TOLNet Stations: 1UAHuntsville, 2NOAA/ESRL, 3NASA/GSFC, 4NASA/LaRC, 5NASA/JPL

UAH Ozone lidar retrievals from the 3 lowest altitude channels
compared with ozonesonde (marked by black triangle at 13:10 launch
time) and EPA (~16 km away) hourly surface measurements. A 4th
channel (not shown) measures the middle and upper troposphere.

The NOAA/ESRL two-axis scanning
lidar is installed in a truck. By
using the scanner to direct the
beam to low elevation angles,
measurements are obtained to
within a few meters of the
surface. Azimuth scanning
provides horizontal structure of
ozone.

Lidar observations were
made at elevation angles of
2°, 10°, 90° and pieced
together to create a profile
with higher vertical
resolution near the surface.

NASA ARC/H211, LLC Partnership
Description:
•
•
•
•

Owned and operated by H211, LLC
Based at and operated from Moffett Field, CA
FAA Experimental Certificate of Airworthiness
Installed NASA-specified payload management and
control system

O3 Instrument

•Commercial unit (2B Technology Model
205) measures O3 in ambient air (0.5 Hz)
using UV absorption

Flight duration:
• Approximately 2.5 hrs

Approx.
Round Trip

• Repackaged to meet environmental
specifications.
• Modifications: vibration isolators, UV
lamp heaters, upgrade of pressure
sensor, temperature controlled box,
replacement of fittings to meet aircraft
regulations

GHG Instrument

• Commercial unit (Picarro,2301-m)
measures carbon dioxide (CO2),
methane (CH4), and water vapor.
• Repackaged to fit in Alpha Jet wing
pod

Work Group Progress
• Meeting 3rd Tuesday of each month.
• Subgroup shares SI forecasts and identifies days
where lidar and aircraft flights would be useful.
• Working document provides a detailed analysis of
an SI event in 2012.
– Identifying data products that are useful and those that
are not useful.
– Goal is to reduce the effort needed to document an SI
event.

Work Group Future Plans
• Plan to release a draft document late 2013 that will
include:
– Sample analysis of June 4-6, 2012 SI event
– List of recommend data plots and resources for
obtaining data sets.
– Recommendation for additional monitoring data to
support technical analysis.

• Recommend continuing work group beyond 2013
to share real-time forecasts and data products.

Model Simulations of Regional Ozone
• 2008 WRF/CAMx modeling on 36/12/4km domains
• Collaborative study involves multiple agencies in the
western US (WRAP, CO, UT, WY) with original modeling
performed by ENVIRON and Alpine Geophysics.
• Model performance evaluation reports for available from
WRAP RAQC and CDPHE.
• BC for 36-km domain provide by NCAR MOZART.

Nested 36/12/4-km WRF/CAMx Domains

Lateral BC
from NCAR
MOZART

37-layer WRF, with
layer collapsing to
25 layer CAMx

L25: 15-19 km
L21: 5.8-7.4 km
L15: 2.1-2.5 km
L1:
24 meters

O3 animation in lower stratosphere, June 2-July 4
(15,000 to 19,000 m)

Ozone is advected into the domain from lateral BC derived from MOZART

O3 animation in free troposphere, June 22-July 4

June 27: A band of high ozone in the free
troposphere extends into the PBL fro CA to KS,
and also extends into the PBL in NC

June 27 Surface Layer O3
MD8

Ozone during SI and smog events
June 13: high ozone across large
region including rural areas

July 18: high ozone in urban areas
and areas with precursor emissions

Total Oxidant

Total Oxidant

May 7: Model biased high for background O3
ozone.

May 25: Model Biased low for background O3

SI and Background O3 Research Needs
• Background and transported ozone is highly
variable in both space and time.
• Important to accurately model background O3:
– transported O3 can cause exceedances of the NAAQS.
– background O3 level also affects the reactivity of the
VOC-NOx mixture.

• What type of monitoring network is needed to
characterize background ozone?
– surface monitors; lidar profiles; ozonesondes; satellite
data; research grade CO, RH, met data; urban, rural and
high elevation sites.

Questions?

