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1. HALO ESMVal campaign
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« 65 HALO flight hours from 10 — 24 September 2012
* in close collaboration with HALO TACTS mission
 targeting specific large scale features to gather data for ESM evaluation
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2. EMAC simulation and HYSPLIT trajectories

EMAC (ECHAM/MESSyY Atmospheric Chemistry model)
 CCMI Ref-C1SD setup, EMAC 2.5 (simulation REF-C1SD-basel0a, project ESCIMoO)

T

Dynamics nudged

» T42L90MA resolution: ~150 km grid size, 90 vertical levels to 80 km

Comparison to measurements based on highest possible resolution:
time series along aircraft flight track, At =12 min (simulation time step)

HYSPLIT (HYbrid Single-Particle Lagrangian Integrated Trajectory model)

» Back-trajectories starting @ flight track
« Driven kinematically by GDAS 1°x1°, 23 vertical levels (1000 ... 20 hPa)
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. Measurements vs simulation > O3
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3. Measurements vs simulation > Other tracers
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monthly BB

Lightning parameterized:
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3. Measurements vs simulation > Summary

Obs

03, HCI, CO, NO, NOy enhanced in ASMA filament(s)
Sim
» Caution needed in regions with strong gradients / transport barriers

» Consider coarse resolution, approximations / parameterizations in the
simulation (incl. initial and boundary conditions)

Surprisingly well reproduces observations of HALO ESMVal, at least
large scale features

mmmm) Ok to use for interpretation of the measurements
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4. Back-trajectories
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All 3 flight segments have seen
a filament of similar genesis:

* At least one ASMA roundtrip in UT

« Entrainment by upwelling at
eastern ASMA flank
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4. Back-trajectories
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» Eastern ASMA flank passed 15/ 12/ 13 September 2012
» almost parallel streamlines in southern fringe @ ~const. altitude
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4. Back-trajectories > Summary

13 Sep

3
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* Filament transected outside-in, outside in, Inside-out

« ASMA moved eastward during the considered period & became smaller
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5. Tracer characteristics in the ASMA > Synoptic situation
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5. Tracer characteristics in the ASMA > Evolution 2012
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5. Tracer characteristics in the ASMA > Evolution 2012 (sim)

* no obvious O3 minimum in ASMA

« HCI stratospheric tracer in ASMA

« CO tropospheric tracer in ASMA,; proxy for non-NOx O3 precursors
« E-shaped NOy profile in ASMA

« NOXx has UT sources, probably lightning

« NOXx/NOy max @ TP, rather constant throughout the year

* Net photochemical O3 production is >0 and has a local max in ASMA
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UT NOx meeting uplifted other precursors




6. Tracer-tracer relations > Mixing lines
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* mixing complete = one point in tracer-tracer diagram
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6. Tracer-tracer relations > Mixing lines
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6. Tracer-tracer relations > HC| vs O3
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6. Tracer-tracer relations > CO vs O3 * 1100
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6. Tracer-tracer relations > NO,, vs O3
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6. Tracer-tracer relations > NO,, vs NOy
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7. Entrainment @ eastern ASMA flank > Zoom In
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7. Entrainment @ eastern ASMA flank
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/. Entrainment @ eastern ASMA flank > Zoom in
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/. Entrainment @ eastern ASMA flank > Zoom out
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7. Entrainment @ eastern ASMA flank > STE
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signatures to ASMA

Event shown here was too early for HALO ESMVal
Note: there is always entrainment of enhanced O3 at eastern flank
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8. Splitting and stirring  |a=
> Event @ HALO ESMVal * |

* ASMA splits in response to a
2nd TP trough, moving in from
the West
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* Redistribution across former
transport barriers:
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8. Splitting and stirring > @ Different altitudes

2012 500-400hPa 400-300hPa 300-200hPa 200-100hPa Wind
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* Red (West) — Blue (East) combination at a point in time is an anticyclone

» Tibetan anticyclone dominates UT

» Iranean anticyclone becomes more important in middle troposphere
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HCI 90°E ufrac 90°E vfrac 15-35°N

8. Splitting and stirring
> 5 seasons
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Summary

« HALO ESMVal transected ASMA filament 3 times in
September 2012: increased O3, CO, HCI, NOy

* mixture of lower tropospheric upwellings and UT
ASMA air
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« ASMA UT trace gas signatures show entrainment of
stratospheric components, probably from the TP Lo
region at eastern ASMA flank
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* In-situ net O3 production increased in ASMA, where
UT NOx meets lower tropospheric precursors:
Certainly contributes to increased O3

T LT s
« ASMA splitting / Eddy shedding overcomes transport “MH‘ —
barriers of the intact anticyclone and stirs effectively Fringe fringe

Tibetan
interior

« Entrainment at eastern ASMA flank &
Eddy shedding sensu lato are common
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