
Lower Tropospheric (Smog) Ozone Signals Contribute Significantly to OMI
Tropospheric Column Estimates

… and  in  Both  OMI-MLS-Trajectory Ozone and
a New OMI-AIRS(θ) Mapping Method

R B Chatfield (NASA Ames), M R Schoeberl (NASA GSFC), R Esswein (NASA Ames/BAER)

30 45 60 mean O3, ppb

Subtropics easier to interpret, compare
March 14, 2006

75

Schoeberl pre-Mar07 version
IONS Sondes(best when they “disappear”)

Confusing or unreliable

Often reliable as with this Mexican smog event

Front

Low Trop.

Vertical Distribution of Ozone from Column Ozone Measurements:
Stratosphere and “Distraction” Removal:   OMI ozone and AIRS Temperatures

Specific technique “ projection pursuit regression”   —  roughly analogous to empirical orthogonal functions, but assembling combinations of those explaining variables  (θ ’ s )  that have the most explanatory value for the explained variable, total ozone.
Sums:  average properties of layers
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Statistical r elationships depend on co-variations over six weeks of dynamical variables,  T ’ s , θ ’ s ,  Z ’s (varied expressions of AIRS temperatures)

Some automatic fitting, some choices for small sets of variables which might work best
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Example of Stratospheric Fit:  First and second combinations

Two Concerns We Addess:
(1) Tropospheric ozone column estimators based on OMI

total ozone which then subtract trajectory-mapped (Schoeberl et
al., 2007) stratospheric ozone estimates (extending on the ideas
of Ziemke et al, 2006) often
- show clear tropospheric pollution signals,
-but often show rapidly moving features; lower-stratospheric
ozone, low-tropopause areas, and upper-tropospheric fronts filled
with stratospheric air. (The fate of this air is often uncertain).
Retrieval theory says that middle- and upper-tropospheric air
should dominate
- What do sonde comparisons tell us about vertical response of
the tropospheric ozone estimates?

(2) It is desirable to have another tropospheric ozone
estimate that does not require MLS or similar stratospheric ozone
sensor.  This would allow near-real-time or “overnight tropospheric
ozone” (MLS requires ~2 days processing), and also could
remove space and time interpolations between the retrievals’ sun-
synchronous-time and meteorological models (fixed history times).
We propose an ozone using AIRS depictions of stratospheric
structure (T, Z, θ) and correlations/regressions, not (yet) AIRS O3 .
Conceivably, this could remove low tropopause situations and
even UT fronts.
- How well do this estimate work (so far) and what is its vertical
response function, based on IONS-06 sondes?

Conclusions:

“Best-regression” studies
suggest that O3 in the lower 3
km of the troposphere
contributes significantly both to
OMI–MLS (mapped) column
estmates and a new
tropospheric ozone column
method, often with near 1:1
weighting.  Air in the 350-200
hPa region contribrutes similarly,
However, mid-tropospheric
ozone often contributes weakly,
insignificantly, occasionally
negatively (in estimates).  Other
regression methods agree.

A tropospheric-ozone
estimate using AIRS depictions
of evolving stratospheric
dynamical structure (T, Z, θ) and
correlations/regressions
compares well to sonde and
MLS-based estimates.  Some
UT/LS high-ozone remains, but
is reduced
- Considerable improvement is
possible to this variance-based
technique, I.e. addition of
complimentary time-mean-based
ozone information (OMI: X. Liu
et al., this meeting, AIRS: M.
Divakarla, submitted, 2007)

OMI–MLS tropospheric O3
as estimated for a INTEX-
B Mexico City plume event.
Above the orange line, the
sensitivity to ozone below
~200 hPa commonly
produces very high ozone
features which race W to
E.  South of the line,
features move more
slowly, such as the
Central-Mexico plume.

Schoberl Ozone Column to 200hPa

Theoretical sensitivity of the UV-based
total ozone measurement to
tropospheric ozone, decreasing greatly
below 5-6 km.  Reproduced from PK
Bhartia, this sensitivity includes known
basic scattering-absorption physics for
the situation shown.

Our analysis model layers are shown:
for the Sfc-700 hPa region 1 DU true
ozone (e.g., estimated by sondes)
should produce 0.3 DU total column
ozone.

Tropospheric ozone column estimated by a new
technique, labeled OMI–AIRS(θ) or Overnight
Tropospheric Ozone (need not wait for MLS analyses)

The method is to perform a multiple regression of total column ozone
against Stratospheric and tropopause-level temperature and
temperature-based quantities, from AIRS.  These provide good, but
not perfect fit of the ozone column.   The remainder is
Interpreted to be tropospheric ozone, … and error.

Some supporting rationalization is that over periods of a month or so, O3-θ
relationships characterize the stratosphere vertically and regionally; also that local
positions of the tropopause and UT fronts are fairly well captured by AIRS.  (Fairly
well: Horizontal and some vertical precision

Comparison of near-daily analyses provided by
OMI–AIRS(θ) method (below) with Xiong Liu’s UV
optimal estimation method based on UV absorption
and scattering.  The new method requries several
improvements:

(a) Clouds reported OMI and AIRS must be
understood and rationalized, so that regions of the
troposphere predominantly clear over 4 km can be
analyzed.

(b) Multiple sampling
during one day (over
the poles north of 55
N) must be handled
consistently.

Comparison of the OMI-MLS-
trajectory and the OMI–AIRS(θ)
are good:
However, not all high values
(UT-Strat features?) are
removed. Comparisions are
better than comparisons of
either with sondes (see below).

The exploratory analysis used is
called Projection Pursuit Regression.
PPR automatically selects linear
combinations of predictor variables
most related to the predicted
variables, and makes a (non-linear)
fit involving those combinations.
Interpretations: sums and
differences of T’s define averages
and also the tropopause.

Tropical-Subtropical Comparisons
Using SHADOZ-05 and SHADOZ-06

OMI–MLS (Schoeberl Estimates)

Layers were chosen to have roughly
similar mean layer-integrated ozone
content (in DU) and statistics showed that
they had similar standard deviations of
ozone.

Both SHADOZ-05 and SHADOZ-06 showed significant and ~ 1:1 response in the
lowest layer!  Also the upper-troposphere layer. Some tendency in to lower
response in the mid-troposphere appears.  What theory do we need here?

OMI–MLS (Schoeberl Estimates)
SOUTHERN STATIONS:
Holtville, Houston, Huntsville, Mexico,
Socorro, Tablemtn

      OMI–MLS (Schoeberl Estimates)
Beltsville, Boulder, Brattslake, Edmonton, Egbert,
Kelowna, Narragansett,
Native, Paradox, Sable, Trinidad, Valparaiso,
Wallops, Walsingham, Yarmouth

       OMI–AIRS(θ)
August only
SOUTHERN STATIONS

        OMI–AIRS(θ)
August only
NORTHERN STATIONS

Layers again have roughly similar mean layer-integrated
ozone content (in DU) except for the uppermost (often
including UT/LS).  The uppermost has extreme variability
as shown in the standard deviation.

Best-fit plots were estimated: if p-values exceeded 10% or if estimates were marginally significant but
unconvincing (one mid-tropospheric contribution was estimated ~ -0.2(!), they were dropped.

For both Northern and Southern stations, and both methods, the Sfc-700 hP layer contributed signicanty, while
mid-tropospheric layers often did not contribute. OMI-MLS methods had slightly better correlation with sondes, but
also exhibited very high values, most likely stratospheric.

IONS-2006 Mid-latitude
Comparisons

The PPR method is based on
variability of ozone, including
midlatitude and tropical ozone.
Constant background ozone
and its stratospheric or
tropospheric nature cannot be
estimated.  We used a 240 DU
Background; this should vary
from region to region.

Thanks to OMI, AIRS, SHADOZ, IONS Teams

Motivation:   MW  IR
methods for  O3 have unit
response, so  theoretically
SWIR–UV could  give on
smog ozone. (Our sonde
analysis: this might not
work!)

similar correlation, no very
high values


