The benefits of in-line advection - Assessing the
transport characteristics of the CMAM-DAS

Michaela I. Hegglin
University of Toronto, CA

Stephen Beagley, York University, Toronto, CA
Andreas Jonsson, University of Toronto, CA
Diane Pendlebury, University of Toronto, CA
Saroja Polavarapu, Environment Canada, Toront
Shuzhan Ren, University of Toronto, CA
Ted Shepherd, University of Toronto, CA




ATMOSPHERIC TRANSPORT

TROPICAL
RESERVOIR

o~

e | SUMMER
— POLAR —teoo—l | LOWER STRATOSPHERE

iy { St large-scale stirring +
VORTEX rong large-scale stirring Weak large-scale stirring +

— leward & downword transport
|_'.ilrg¢-mnll.' L = P Large-seale ascent | weak poleward & downward transport
escent e -l R

(L) gF2y

450

—| |
SUBVORTEX ——

—— LOWERMOST ~~
 STRATOSPHERE _

-
=N
=,
g
2
w
24
=4
=

tand two-way
| stratosphere-troposphere exchange

60 K I Al il

winter hemisphers Lutitude sununer hemisphere

Haynes und Shuckburgh, JGR 2001

Atmospheric transport determines the distributions of radiatively active
species, which feedback on climate.




RESULTING STRATOSPHERIC TRACER DISTRIBUTIONS

The CH, distribution immediately gives the sense of the stratospheric Brewer-Dobson
circulation with ascent in the tropics and descent in the extratropics, and also reveals
transport barriers.

HALOE AND CLAES latitude-
height cross-section of CH,
mixing ratio for October (in

ppmv).

Randel et al., JGR 1998




STRONG GRADIENTS ACROSS THE TROPICAL PIPE EDGES

TAHITI TO AMES Aerosol measurements

ARPR FLIGHT 4 after the Mt Pinatubo

AEROSOL DISTRIBUTION volcanic eruption (measured

TOTAL SCATTERING RATIO (VS) by an airborne Ildar) ShOW
rapid lateral transport in the
layer between the tropical
tropopause and the ‘tropical
pipe’ mixing barrier, and
strong gradient across the
edge of the pipe above
these heights.

SL

ALTITUDE, KM A

12.73 15.69 18.26 31.44 24 .87 N LAT
—127.77  =124.65 -=121.12 —120.40 -=120.98F LON Grant et al., JGR 1994




DISPERSION CHARACTERISTICS OF DAS

Backward trajectory calculations starting in the tropical region for different DAS’s and a
GCM. All DAS-trajectories show excessive horizontal and/or vertical dispersion.
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INFLUENCE OF DISPERSION ON TRACER GRADIENTS

ER—2 data March 1994 FVGCM March o
Shown are the meridional

profiles of the NO,-O; ratio
from the ER-2 aircraft, a

GCM and a DAS.
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AGE OF AIR IN CCMs

(c) p=50 hPa CCMs on the other hand, have
reasonable transport, even at low
resolution.

This is reflected in the results of a
recent comparison between the
age of air distributions of different
CCMs with aircraft measurements.
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MOTIVATION FOR THIS STUDY

Recently, some authors have suggested that a point might be reached where the
intrinsic elements of data assimilation prevent certain transport applications from
further improvement [Stohl et al., 2004; Rood, 2005].

While CTMs are driven off-line by analyzed wind fields sampled at a certain
frequency, and often suffer from too strong dispersion, CMAM-DAS calculates
advection within the model code (in-line), hence providing higher temporal
resolution.

This procedure should mitigate the effects of noise and make 3D-Var analyses
useable for advection of chemical species.

In this study we test this hypothesis by investigating the transport characteristics of
the CMAM-DAS.
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MODELS CONTINUED AND OBSERVATIONS
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GLOBAL MEAN TEMPERATURES

The comparison of global mean temperatures shows that data assimilation lowers the
temperatures between 1 and 50 hPa, resulting in better agreement with NCEP, except
at 100 hPa, where temperatures are too cold.
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MONTHLY MEAN TEMPERATURE CYCLE @10o0hPa

Annual temperature cycle aﬂ 100 hl#a‘
shows an exact compensation between
the tropics and extratropics (Yulaeva et
al. 1994 JAS). This feature is clearl
seen in the ERA-15 data.

Data assimilation improves the seasonal
temperature cycle but leads to a to
strong decrease in tropical temperatures.
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Mean annual cycle in <T>,,, and at 100hPa

Pawson, BAMS 2000







CO DISTRIBUTIONS

DJF @0.01 hPa (78 DJF @0.1 hPa (64 k] DJF @1 hPa (46 km)

latitude latitude latitude

Latitudinal structures show general good agreement between ACE and CMAM-DAS,
however, CO at high latitudes is too low in the NH mesosphere, and too high in the SH
upper stratosphere, which might be related to the strength of downward transport.




H,O DISTRIBUTIONS

DJF @0.01 hPa (78 km) DJF @0.1 hPa (64 km) DJF @1 hPa (46 km)

H,0 [ppmv]
H,0 [ppmv]
H,0 [ppmv]

JJA @0.1 hPa (64 km) JJA @1 hPa (46 km)
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General good agreement between ACE and CMAM-DAS features, however, 2 ppmv
were added to the CMAM-DAS prior to plotting.







COMPARISON OF MERIDIONAL N,O PROFILES

ACE and

The gradients are well maintained,

except at lowest potential
temperature levels. This points
towards too strong meridional
transport.
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COMPARISON OF MERIDIONAL PROFILES O3

ACE and

CMAM-DAS shows double peak in
tracer meridional profile within the
tropical pipe.

CMAM-DAS shows more structure
than expected from ACE.
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LOWER STRATOSPHERE:
AFTER SPINUP TIME, OZONE IS TOO HIGH

I I
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See presentation of Gloria Manney!




03-N20 SLOPES AS A DIAGNOSTIC FOR
TRANSPORT AND CHEMISTRY

free stratosphere Apr 2003
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Bregman et al., JGR 2000 Hegglin et al., ACP 2006

The b# NE&D correlation slopes are an indicator for the chemical éﬁe ot air. Large
negative slopes indicate young drl masses with rather tropical origin, small negative
slopes aged air masses of sratosphericorigin.




THE SEASONAL CYCLE OF 03-N20 SLOPES IN THE SH

== CMAM 30S-60S x ACE 30S-60S
= CMAM 60S-90S A ACE 60S-90S
DAS 30S-60S
DAS 60S-90S

Freely adapted from Hegglin and Shepherd, JGR accepted.

The seasonal cycle of the
DAS indicates way too young
air masses.

The separation between the
midlatitudinal and polar
branches is mainly due to
chemical ozone loss.




PARTICLE DISPERSION @ 420K

Figure courtesy Diane Pendlebury




PARTICLE DISPERSION @ 480K
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PARTICLE DISPERSION CALCULATIONS
30 DAY FORWARD TRAJECTORIES WITH CMAM-DAS JAN
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Forward trajectories started on
different potential temperature
levels (360, 380, 420, 460, 500,
520, 540, 580 K).

Strong meridional transport
to midlatitudes, between 420
and 460 the tropical pipe
finally starts to be confined
(better in the SH).




TRACER GRADIENTS AT THE SUBTROPICAL EDGE — NO,

ER-2 aircraft data, for
‘ | gl March 2003, from
Punta Arenas Damin & Stavanger@ Murphy et al. (JGR
o l | 1998)
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VERTICAL PROFILES RELATIVE TO THE TROPOPAUSE
(midlatitudes)
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CMAM-DAS AND ACE 03, CO, AND H20 VERTICAL PROFILES
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POTENTIAL VORTICITY @ 202 hPa FOR MAY 16 2002 12:00




ZOOM ON PV OVER EUROPE @ 2002 hPa ON MAY 16 2002
12:00




VERTICAL CROSS SECTION OF PV @ 10°W May 16 2002 12:00
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IN-SITU COMPARISON SPURT AIRCRAFT AND CMAM-DAS

CMAM-DAS and SPURT aircraft data for 27 April 2003. Except H,O the DAS captures
most of the relevant features.
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SUMMARY

In general, the CMAM-DAS compares well with both, the free running CMAM and
observations, except for H,O which shows a low bias of around 2 ppmv.
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We conclude that in-line advection mitigates the effects of noise in data-assimilation
systems, makes 3D-Var analyses useable for advection of chemical species, and
hence represents a way ahead in order to improve tracer transport in DAS.




IMPACT ON THE MEAN AGE OF AIR DISTRIBUTION

el age 8120 am . Mean age of air at 20 km
— EQAITONCAT altitude from TOMCAT and
SLIMCAT CTM calculations
using different ECMWF and
UKMO analyses for the year
2000, as indicated.
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Age of air from DAS-driven
CTMs usually looked pretty bad;
but there have been some
recent improvements.
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TRACER GRADIENTS AT THE SUBTROPICAL EDGE - NO,/O,

CMAM DAS
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ZONAL MEAN TEMPERATURES

Figures courtesy Andreas Jonsson
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Zonal mean temperatures of CMAM-DAS and CMAM-REF compare well with NCEP.

Data assimilation In general cools the extratropical region.




TRACER GRADIENTS AT THE SUBTROPICAL EDGE - NO,/O,

CMAM REF
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TRACER GRADIENTS AT THE SUBTROPICAL EDGE - O,

| CMAM-DAS and ER-2
‘ | \ aircraft data (Murphy
CMAM-DAS e et al. JGR 1998), for
CMAM-REF of. March 2003, and
gy 862 hPa | f.--. CMAM-REF for March

of 4 years.

Well ma‘in‘tained {
@radienﬂs‘as seerlp for
NO,.
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COMPARISON OF MERIDIONAL N,O PROFILES

ACE and

While DJF looks well in both years,
JJA 2003 does show unrealistic
structures in the tropical region and
SH midlatitudes.
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COMPARISON OF MERIDIONAL O, PROFILES

ACE and
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While DJF looks well in both years,
JJA 2003 does show unrealistic
structures in the tropical region and
SH midlatitudes.
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