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Outline

 Introduction to GEOS-5 Modeling
Environment

e Evaluation of Online GOCART In GEOS-
A

e Application of Online Aerosol to Field




GEOS-5

GEOS-5 [Rienecker et al., 2008] is the Goddard Earth
Observing System global climate model and data
assimilation system.

*Finite-volume dynamical core [Lin, 2004]

*Relaxed-Arakawa Shubert (RAS) convection scheme [Moorthi and Suarez, 1992;
Bacmeister, 2005]

*Chou and Suarez [1994; 2002] and Chou [2003] radiation schemes in solar and IR
I-Car|1 run at multiple resolutions: 2.0° x2.5° — 0.25° x0.3125° , 72 vertical
evels

*Meteorology: Can be run in AGCM, “replay”, and forecast modes.

*Aerosols: prescribed or on-line (GOCART aerosol module).

GEOS-5 AGCM
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Aerosol Module

GEOS-5 Aerosol Module
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GOCART

*Offline CTM [Chin et al. 2002]
*Online in GEOS-4 [Colarco et al. 2010]

Features

sSources, transport, dry & wet removal,
aerosol optics
*Dust, Sea Salt

=—dynamic (wind-speed dependent) sources
=particle size distribution

=black & organic carbon

=inventory based emissions

=“aging” by conversion to hydrophilic species
«Sulfate

=inventory based emissions of SO2, dynamic DMS

=sulfate production in aqueous phase, SO: reaction
with climatological oxidants



Baseline Evaluation
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Sampling Issues

MODO04 Model-MODO04

Global | Satellite AOT

*Surface/atmosphere assumptions
*Optical models (assumed aerosol types)
*Some have difficulties over bright
surfaces

*Cannot see through clouds

Model AOT
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Clear-sky bias

«Satellite sees aerosols in clear-sky
conditions

*Screening model results to exclude the
cloud cover improves model-data
comparison

Colarco et al, “Online simulations ofi global aerosol distributions in the NASA GEOS-4
model and comparisens to satellite and ground-based aerosol optical depth,” JGR; 2010.



Transition to GEOS-5

GEOS-5 Total AOT [550 nm] July 2007 MODIS Total AOT [550 nm] July 2007
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« TC* experiment based out of San Jose, Costa Rica, summer
2007

 First field mission deployment of aerosol enabled GEOS-5
system

» Twice daily 5-day forecasts support mission/flight planning




Fate of Saharan Dus{ -
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Nowottnick et al, “What is the fate of Saharan dust
across the Atlantic?,” JGR, in prep.




Welton et al.
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Ferrare et al,

2008

HSRL deployed on B- 200 &>

15 science flights, April 2008, Alaska
14 science flights, June/July 2008,
Canada

*GEQOS-5 aerosol extinction profile
computed and extracted along B-200
flight tracks

sComparison to HSRL extinction profile
shows generally good agreement

Aerosol Extinction (532 nm)
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“Airborne High Spectral Resolution Lidar (HSRL) Measurements during ARCTAS,” Fall AGU



GloPac

s ten 160 a0 0 Ao e e 0 e First deployment of NASA
Global Hawk aircraft

* Long-distance, long-duration
(up to 30 hour) flights
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Eyjafjallajokull
Eruption

* A major eruption occurred on April 14,

with minor ones over the next several GEOS'5 COIumn SOZ Loading (relative)

days 22:30Z14APR2010
90N
*The NASA Global Hawk aircraft was
projected to fly in the Arctic north of
Alaska on April 22

60N +—

30N

*Would the Global Hawk intercept air
masses containing aerosols from the
eruption?

EQ

*The NASA GEOS-5 model was
deployed in support of the Global Hawk
mission

> TApril 22 proposea"--;\____,_ap
Global Hawk flight

120W 60W

*Forecasts carried out in the field
showed that while the Global Hawk 0001 0002 0005 001 002 005 0.
would intercept air masses from the
eruption, the plume would be quite
dilute and at lower altitudes than the
aircraft



Presenter
Presentation Notes
The Eyjafjallajökull volcano in southern Iceland began erupting in March 2010.  A major eruption occurred on April 14, 2010, spewing a cloud of ash to altitudes ~10 km.  Eruptions continued over the next several days, although the ash injections generally occurred at lower altitudes (< ~6 km).  These plumes of ash were transported over Europe, causing major disruptions in air travel.



During this same period of time, NASA was flying the new Global Hawk aircraft out of Dryden Flight Research Center in southern California as part of the GloPac mission.  The April 22 flight plan for the Global Hawk called for a flight roughly up the Pacific west coast of the US, across Alaska near the Alaska-Canada border, and then several circuits in the polar air north of Alaska before returning to base (a planned 30 hour flight).  The question was: will the Global Hawk encounter effluent from the Eyjafjallajökull eruption?



The Global Modeling and Assimilation Office (GMAO) at NASA Goddard Space Flight Center has deployed the GEOS-5 modeling system in support of NASA satellite and field missions.  In particular, a version of GEOS-5 was being run to support GloPac.  The GloPac version of GEOS-5 was being run at a global 0.25° x 0.3125° resolution (~30 km grid spacing) and included tracers for aerosols, CO, CO2, and CFCs that were used to support flight planning for the mission.  GEOS-5 does not at present have a mechanism for including events such as volcanic eruptions into its operational stream.  Lacking this operational capability, a special simulation was conducted in which a tracer was introduced in the model to represent the volcanic emissions.



This simulation is represented in the animation on the slide.  Here, we inject an SO2 tracer into the model at the volcano location.  Our assumption is that emissions are injected between 1.5 and 10 km on April 14 and between 1.5 and 2.5 km on April 15, and then shut off.  At the time the simulation was conducted, assimilated meteorology was used to drive the simulation through April 18, and then a forecast was produced through April 23.  We note that the assimilated meteorology used was the same provided by GEOS-5 as part of GloPac, and the model was run at the same high spatial resolution as the GloPac run.



SO2 is chosen as the tracer here as a proxy for aerosol.  Ash has proven to be the dominant aerosol produced in this particulr eruption, as OMI observations have shown subsequently little SO2 injection.  Because of the larger sizes of ash particles they will fall out with an e-folding time of something like a week.  Accordingly, the SO2 tracer illustrated above is probably a conservative estimate of trajectories of air masses affected by the volcano.  Because the ash falls, it will not occur at higher altitudes than the SO2 tracer.



In the animation we show the column loading of SO2, presented relative to the maximum loading at the volcano source during the eruption.  Over a period of about 1 week the air masses from volcano have reached Alaska, and so are potentially intercepted by the Global Hawk flight, although the maximum loading of SO2 in this region is about 1 – 2 % of the peak loading near the source.  A separate analysis of this simulation shows that the SO2 is concentrated at altitudes of p > 150 hPa.  For comparison, the Global Hawk flies at altitudes of about 70 – 80 hPa (about 65,000 ft), and so is above the projected air masses from the volcano.



It should be stated that the simulation is based on some preliminary assumptions about the characteristics of the eruption.  In practice, what is really needed is some reliable information about the timing and during of the eruptions, the injection altitudes as a function of time, and the particular characteristics of the emissions (amount, size, type).  These will be assembled, along with relevant satellite and in situ observations, to investigate the dynamics of the plume in more detail in subsequent simulations.


Climate

Options for running
the AGCM

*No aerosol forcing
«Climatological aerosols
*Fully interactive aerosols

What Is the
180W 150W 120W 90W 60W 30W GM 30E 60E 90E 120E 150E 180E 3 .
difference in model
30 25 20 15 10 -05 00 05 10 15 20 25 30 C|imate between
Surface Air Temperature [K] . .
Climatology Aerosols - No Aerosol Forcing cllmatologlcal and
1 - Interactive aerosol
forcing?

*Runs for 2003 (SST forcing,
emissions), 2 x 2.5
Climatological aerosols based
on interactive run
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Interactive -

Climatology

[e)
0
o
S
Q
<
o
=
+— 3
O 3
@®©
| -
Q
—
=
[e)
(%9}
o
|-
0]
<
'S
Q
(@)
O .
O
—
®©
=
O

Chemistry - Climate

OLR June 1990 [W/m2]
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Large, experienced
chemistry modeling group at
GSFC

sHeritage in stratospheric chemistry
*Group is building around UTLS, dipping
toes in tropospheric chemistry

*Using GMI chemistry mechanism in trop.

Interactive GOCART

*For example, sulfate mechanism in
GOCART requires offline oxidant fields
sIntroduce a two-way coupling: oxidants
from GMI to GOCART, aerosol from
GOCART to GMI (photolysis, surface area)



Future Dynamical
Core

2010-02-02 21:30z. -

Geostationary
IR |magery

55 km OLR




Future Aerosol Cores

Nucleation Accumulation
mode modes

001l ym =————— (1 (m 1#”"% 10 ym

Particle radius

Coarse modes

* Modular nature of code permits trying different aerosol cores

 MAP project involves inclusion of CARMA sectional aerosol
microphysical model

* Need this evolution in sophistication to get to clouds, climate



GEOS-6

Non-hydrostatic dynamical cores to run

at g

MOC

0,

e

nal ~1/8° resolution: 91 levels

becomes “cloud permitting;”

relaxed-RAS

Morrison/Gettelman cloud
microphysics; Nenes ice microphysics

4D-Var data assimilation

RRTMG radiation scheme



Summary

* Aerosol development going on in much
larger GCM development

e Same model is run for
climate/assimilation/hindcast/forecast
problems

* |nvolvement in field mission activities
provides detailed case study analysis
opportunties
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