to Assess the Performance of
Simulated Particle Properties and
Radiative Forcing
from Different Process Modules

e —

Pacific Northwest

MNATIONAL LABORATORY




What is the Problem?

Traditional Modeling Paradigm
processes tightly coupled within
aerosol model & other components

ACtions of atmospheric model

Meteorological Model

applied to specific case

Dry Deposition
Wet Scavenging

* Current modeling paradigm is haphazard and slow

> Differences among predictions arise from many sources (emissions,
meteorology, chemistry, configuration) rather than aerosol treatments

> Traditional model comparisons that quantify range of uncertainty
contain little insight on how to improve predictions

* Thus, it is difficult to improve predictions of \%/
direct and indirect forcing in a timely manner Pacific Northwest

NATIONAL LABORATORY



What Are We Trying to Accomplish?

Aerosol and Cloud Testbed: A computational framework that
streamlines the process of testing and evaluating aerosol and clouds
process modules over a range of spatial / temporal scales

Systematically and objectively
evaluate aerosol process modules

Better quantify uncertainties by
targeting specific processes

Provide tools that facilitate science
by minimizing redundant tasks

Document performance and
computational expense

Build an international-recognized
capability that fosters international
collaboration

New Modeling Paradigm

Traditional Modeling
Paradigm

4 :
Gas-to-P ticle + “rtitioning
"ty Depositic
Wet Scavenging
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ACT In Relation to Other DOE Activities

ACT  Aerosol and Cloud Tes’Fbec_l bed What are the similarities
CAPT CCPP ARM Parameterization Testbe and differences ?
FPT  Fast-Physics Testbed
ACT CAPT FPT
Model WRF CAM multiple (WRF, CAM)
Spatial Scale LES to mesoscale global / single column | single-column, LES to
global
Primary aerosols, cloud-aerosol cloud properties cloud properties,
Processes interactions, cloud some cloud-aerosol
Addressed properties, trace gases interactions
Data Used for field campaign + operational + field operational + field
Evaluation operational data campaign data campaign data
Assessment of how new ‘ _ ‘ _
How could  cloud parameterizations New / improved parameterizations
they interact? perform in the presence of cloud properties

of predicted aerosols



Example
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Comparing Two Models in the Testbed

MOSAIC @ ™

MADE/SORGAM @ £

size distribution

modal (3 modes) - sectional (8 bins)

# of prognostic species

38 (76 with clouds) ﬂ 104 (192 with clouds)

ldentical: Differences:
* Anthropogenic, biomass burning, * Nucleation & coagulation
online sea-salt & dust emissions - Gas-to-particle partitioning:
* Boundary conditions from global (equilibrium vs dynamic)
chemistry model (MOZART) «  Size distribution

* Photochemistry (CBM-2Z)

* SOA turned off

* Aerosol optical properties
* Cloud-aerosol-radiation interactions

* Dry deposition

o))
o

modal vs sectional

- _
% w0 . V4l
%&20_ // \ // —

0.01 0.10 1.00 10.00

diameter Dp (um)
IVINJI\I\w 1V de s U LITTTOVOD 11TV O

computationally expensive



Testbed Case Development

- -

i Data Sources
-~ DOE, NSF, NOAA,
NASA, operational,
_I#..__

otmers
-

Weather Research Analysis Toolkit Software
m and Forecasting
community model Simulators Metrics
configuring model domain, emissions, time series, profiles, statistics
boundary conditions, etc. aircraft, lidar, satellite graphics




Interoperability: Dry Deposition

Deposition Velocity for Evergreen Needleleaf Forest
from Pryor et al., Tellus, 2008

10 — = Zhang et al. (u,=10m s7)
----- Zhang et al. (u,=5msT)
————— Zhangetal (u=2ms')
Slinn (u, =10 m s7)
Slinn (u,=5ms’)

Slinn (u, =2 m s7)
Buzorius et al.

Gallagher et al.

Gaman et al.

Gronholm et al.

Lorenz & Murphy Jr.
Pryor

Pryor et al.

1 IJIIIIII
v

©
-4

v, (cms)

0.01

VIVAAPD

MADE/SORGAM MOSAIC
0.001 T T TTTT7] T T TTTTT] T T TTTT7] = = = = Binkowski and Shankar, u* = 1.0 m/s

= == = Binkowski and Shankar, u* = 0.5 m/s
0.01 0.1 1 10 = --- Binkowski and Shankar, u* = 0.2 m/s
Dp (um) Aerodynamic Resistance = 10 s/m
Stable Conditions

° vy Vvaries greatly among dry deposition treatments
° treatments based on limited data for specific vegetation types



Dry Deposition Uncertainties in Testbed Case

Black Carbon Mass
throughout entire model domain

ﬁ2-0-.|.I.I.I.I.I.I.I.I.I.I.I.- . . N
& ] from MADE/SORGAM _ [ 4mm models identical when deposition off
;‘? 1.51 4m differences of ~12% among treatments
@ black = dry deposition off
@ 1.0 L option 1 (from MADE/SORGAM) |
g | \ initial conditions : option 2 (from MOSAIC) ] Interoperable
D 55 i from MOZART [ option 3 (from Zhang et al., 2001)
) LN L L L L L L AL IR L L
6 7 8 9 10111213 14 1516 17 18 19
H2-0-.|II.I.I.I.I.I.I.I.I.I.
= | option 3 — MADE/SORGAM |
:? 1.5 1 l « differences in size distribution produce
P : _ differences of ~3%
73] ' L
< 1.0 -
g 10 : I _
Q | option 3 - MOSAIC -
m ]
0.5 L L L L L L L BN L L B

1
6 7 8 9 10111213 14 1516 17 18 19
date (UTC)



Carbonaceous Aerosols

Black Carbon Concentrations ~1 km AGL Mass Within_(_)uter _Domain
21 UTC March 20 — Strong Ambient SW Winds dry deposition option 1
ﬁ3-.I.I\I.I.I.I.I.I.I.\.I.
550 ?___J : Black Carbon :
2.00 ;2 2—_ -
1.50 % : :
1.00 g 14 -
; MOSAIC |
050 & MADE/SORGAM |
0.30 0'|'|‘|'|'|'|'|'|'|'\'|'
6 8 10 12 14 16 18 20 22 24 26 28 30
025 15|I.I\I|I|I|I|I|I.|.\|I|
0.20 «g‘
0.15 -
10 -
010 2 ]
- ]
-3 = ] -
Mexico City inner domain (4Ax = 3 km) a O oL 1 Igrgéln,l?,llvl,?t,tle,r 11

6 8 10 12 14 16 18 20 22 24 26 28 30
date (UTC)

* Since BC and OM treated as a scalars with no chemistry (SOA turned
off), differences due solely to size distribution in dry deposition and
wet scavenging



Secondary Aerosols

Nitrate Concentrations ~1 km AGL Mass within Outer Domain
21 UTC March 20 — Strong Ambient SW Winds dry deposition option 1
FS-.I.I.II\.IiIt.rI.tI.I.I...
2.50 2 5 i
2.00 o
1.50 @ 41
m 4
1.00 E 5.
0.50 o
] 0.30 Z0]|'|'|‘\'|'|'|'|'|'|'\'\'-
Gulf of Mexico - 6 8 10 12 14 16 18 20 22 24 26 28 30
025 40|I|I\\|I|I|I|I|I|||\|\|
020 & ] Sulfate :
o 2 30w
0.10 2 ] I
' @ 20 - -
MOSAIC 0.05 & ;
3 §¢ 101 MOSAIC |
m- ] L
Mexico City inner domain (4x = 3 km) * O 0 MADE/SORGAM ||

e LA B s e e e o o B e o B
6 8 10 12 14 16 18 20 22 24 26 28 30
date (UTC)

* Removal contributes to differences in secondary aerosols too, but
different gas-to-particle partitioning treatments largely responsible

®* HNO; + dust — NOj included in MOSAIC, but not MADE/SORGAM



Aerosol Water

Aerosol Water ~1 km AGL H,O within Outer Domain

21 UTC March 20 — Strong Ambient SW Winds dry deposition option 1
. 150-||||\||||||||||||||‘|||

Gulf of Mexico

s 5 1 MOSAIC
_:_ | MADE/SORGAM
3
40 @ I
> @ »_
0 & 50 |
20 Om ] I
I 4 L
10 0-|-|*|'|4|--|'|-4-\'|-
6 8 10 12 1416 |8 20 22 26 28 30
50 late uTC) ZI
4.0

3.0 cold surges — higher RH

2.0
1.0

: : : : pg m
Mexico City inner domain (4Ax = 3 km)

* Differences due to treatment of gas-to-particle partitioning and varying
amounts of hydrophilic and hydrophobic aerosols



Aerosol Composition over Mexico City

Percentiles
AMS Observatlons at TO Slte 10, 25, 50, 75, 90

R | A | b
Hﬂ[hé 0.38 051 1.58
hd 0.36 051 0.35
| A | b |

055 0.65 240
046 0.63 1.59

B [jﬁ 049 061 0.98
046 061 0.77

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 3D

mass (ug m-3)

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

ﬂ] ; 028 047 -7.40
3] 028 047 -859

(much better agreement with HOA)

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
date (UTC)



Aerosol Composition around Mexico City

NO; along G-1 Flight

Path March 20

L

red = highest concentrations

AMS Observations MOSAIC MADE/SORGAM

1.0

0.5 -

o = N W A
TN T

18

A b
031 024 0.12
035 0.28 0.13

A b
0.69 0.80 0.13
0.70 0.79 0.09

A b

0.62 0.78 -0.03

0.67 0.79 0.06

Lelfmle
ializl

0.28 049 -0.73
0.28 048 -0.79

(much better agreement with HOA)



Aerosol Composition Downwind of Mexico City

NO; along DC-8 PILS Observations MOSAIC MADE/SORGAM

Flight Path March 19 100001

1000-

red = hlg hest concentrations date (UTC)

 IENrE
- 042 0.22 1.80
[ 046 0.34 1.01

d r A b
. 046 0.37 0.46
[ 022 038 -0.13

| Al b
- 0.14 0.49 -0.99
- 0.18 0.50 -1.10

* Meteorological errors contribute to plume displacements over Gulf?

* MOSAIC somewhat better in predicting NO5; downwind



Satellite Simulator

Average AOD between March 6 and 29

MOSAIC MADE / SORGAM MODIS Terra
. i ¥ ._; i T i T h1- :

over plateau |
over coastal plain

0.6 over-ocean [

T

T

simulated AOD

0.4 -

simulated AOD

simulated < observed
02 &

simulated ~ observed,
ool without SOA — cannot

0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8 be rlght
observed AOD observed AOD




AOT (> 450 m AGL)

Lidar Simulator

AOT along B-200 HRSL Backscatter Profiles
Flight Path March 12 observed
. b T -,.-'|_. T

50

4.0

3.0

27

height (km MSL)
QO = N W A~ 01

2.4

2.1

18

15

height (km MSL)
o= N W A~ OO

=
w
i T " T T T =
1630 1700 1730 1800 1830 5
time (UTC) =
observed §‘
MOSAIC
MADE/SORGAM 1700 1730 1800 1830
time (UTC)

Mean and o of
extinction

0.0 0.I1 0.2
What is impact on

heating rates?



Aerosol-Radiation Effects: No Dust

400 nm AOD 19 UTC March 19

MOSAIC has greater impact

0.60
0.55
0.50
0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05

MADE / SORGAM - MOSAIC




Aerosol-Radiation Effects: SO, + NO; + NH,

400 nm AOD 19 UTC March 19

g ———
ONIL (),

MOSAIC has greater impact



Aerosol-Radiation Effects: Carbonaceous

- —

400 nm AOD 19 UTC March 19 MADE / SORGAM - MOSAIC

9 Ho.07

MOSAIC has greater impact



Aerosol-Radiation Effects: H,0

Effect o

MADE / SORGAM - MOSAIC

D IRG
f Aerosols on Net SW Radiation

=
3

I 15 O O
oo
—_—
MO

MOSAIC has greater impact



Summary

Models are similar over the plateau, close
to the anthropogenic emission sources, but ..

MOSAIC’s NO4 and H,O higher downwind

Some differences in dry deposition via size
distribution produce differences in mass

flight pa

While mass loading is similar, the impact of
dust on radiation is different as a result of
fine mode size distribution

Largest differences between the two models occurred where fewer aircraft
measurements were obtained (expect large differences everywhere when
testing SOA treatments) — useful to know model differences prior to field
campaign design and deployment

Need to test modal-MOSAIC to isolate gas-to-particle partitioning
Need to test other aerosol representations (QMOM, etc.)

Impact of size distribution on cloud-aerosol interactions \%/

not yet examined Pacific Northwest

NATIONAL LABORATORY



What’s Next?
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Future Testbed Cases

* Multiple Testbed Cases Needed:
> Field campaigns usually focus on narrow set of processes
> Evaluate aerosol process modules over wider range of conditions

: processing of
cumulus cleuds

"'(ASR support%
?, .o, O

* VOCALS: aerosol processing in
marine stratocumulus clouds

* Users are free to develop their own cases for all to use
° International Field Campaigns ? ‘*a?/

Pacific Northwest
NATIONAL LABORATORY



SOA Working Group

How will Field, Laboratory, and Modeling Scientists Work Together?
Aerosol and Cloud Testbed

Process Modeling

MILAGRO Testbed Ca

3-D Modeling Improved SOA
AVEWAIS modules:

Laboratory simplified

* Invite other ASR scientists to work with us
* Working groups that target other specific processes could be established



How Wil User’s Access the ACT ?

Beta Testbed Web Site — Software and Testbed Case Now Available
http://www.pnl.gov/atmospheric/research/aci/amt

Pacific
NA

Proudly

Aecrosol

Home

Detailed In
Frequently
Contact In

Reference!

Home

Atmosph
Change

Home

N
N

Pacific Northwest
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Proudly Operated by Ballelle Since 1965

_ Aerosol Modeling Testbed

Analysis Toolkit: Example Graphics and Statistics for MILAGRO

The following are “quick-look" graphics and statistic plots generated by the Aerosel Modeling Toolkit Analysis Toolkit and
provides the user with a means of quickly comparing observed and simulated guantities for the MILAGRO testbed case. The
user can use the input files to generate plots more suitable for journal articles and presentations. Graphics and statistics for
“profile” and "satellite” types of data are still being developed.

a U.S. DEPARTMENT OF
U.5. DEPARTMENT OF

ENERGY

PNNL Home | About | Research | Publications | Jobs | News | Contacts | Search PNNL n

Home
Detailed Information

Frequently Asked Questions
All the MILAGRO testbed graphic and statistic files can be downloaded or viewed individually for the various aircraft and surface

e = stations from the lists in the tables below:

References
Alrcraft Select Plot Type: Time Series | Scatter | Percentile
Meteorology [ timeser. ial_temper; ial_temperature_ohs.gl_060306 3]
Home Trace Gases [ timeser.ald.ptrms_45_obs.gl_060306a.gif - ]
Hydrocarbons [ timeser.ald.acetaldehyde_obs.mrgB0_dc8_20060309_r5.gif + ]
r— Aerosols [ timeser.Binl_Aer_Number.dma_8binwrf_binlnumber_obs.gl_060306a.gif + ]
Phatolysis [‘timeser.PHOTR10.j_h202_20h_obs.mrg60_c130_20060308_rd.gif 3|
Surface Select Plot Type: Time Series | Scatter | Percentile
Meteorology [ timeser.pressure.pressure_obs.mobile_ped_m4.gif ¥ ]
Trace Gases [ timeser.co.co_obs.mobile_ped_m4d_qcl.gif - }
Hydrocarbons [ timeser.ald.acetaldehyde_obs.mobile_ped_md_ptrms.gif % ]
Aerosols [ timeser.aot3d0.aot340_obs other_tamihua_aeronet.gif 3]
Photoysis
Radiation [ timeser.swdown.broadband_shortwave_downwelling_global_hemispheric % ]

Basic overview

Documentation
describing how
Analysis Toolkit
software iIs run

Example graphics
and statistics
How software and

testbed cases can
be downloaded

Pacific Northwest
NATIONAL LABORATORY



* Community tool to facilitate systematic

and objective evaluation of aerosol Laboratory
process modules for real-world conditions / \
°* Enhance research capabilities of DOE estbed

research (e.g. ASR) and its visibility in the © = |
scientific community Field  ___, Modeling

°* Long-Term Vision:

> New paradigm for aerosol science
community that increases collaboration -

> Reducing uncertainties in aerosol aging, wit
cloud-aerosol interactions, and
consequently aerosol radiative forcing in

Global Climate Modeling
regional and global models Community

Acknowledgements:
* Support from PNNL LDRD Aerosol Climate Initiative

* Thanks to hundreds of scientists contributing to data \gg/
used by testbed cases and development of WRF Pacific Northwest

NATIONAL LABORATORY
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Aerosol-Radiation Effects

400 nm AOD 19 UTC March 19 MADE / SORGAM - MOSAIC

< ~ O AN "' . oot 12 S F = l1.0

madil .. [;_ Z’Lﬁ%"(‘ 7 1.1 \ 2 ¥ ' 10.9
' 1.0 | 0.8
0.9 0.7

0.8 S Mos

0.7 0.5

0.6 0.4

0.5 0.3

0.4 0.2

0.3 0.1

" 0.2 0.0

0.1 -0.1

Lo A

n Net SW Radiation \y p=2

X% F/
) -

= " £ -90
why so similar ? e -100

o, different — offsetting effects differences as large

more less less more as ~20 W m=
direct ‘ diffuse direct diffuse
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