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WACCM, CAM & CARMA at LASP

Talk outline: Ongoing Toon group studies:
- WACCM

e Energetic particle precipitation -
Cora Randall, Xiaohua Fang, WACCM/ICARMA

Mike Mills, Laura Holt » Upper tropospheric sulfates -
Jason English

e Archean Earth - Eric Wolf

e Stratopause height &
temperature - Jeff France, L.

Holt, Lynn Harvey, C. Randall « CAM

e Cold air outbreaks - Donovan e Tropospheric dust - Lin Su
Wheeler, Lynn Harvey e Sea salt - Tianyi Fan

« WACCM/CARMA  Titan - Krystyna Dillard

e PMCs, dust - Chuck Bardeen,  Mars - Richard Urata
Brian Toon « Subvisible cirrus - David

o Stratospheric & mesospheric Stokowski, Eric Jensen, Chuck
sulfate - Mike Mills, Brian Toon Bardeen, Andrew Gettelman

e Regional nuclear war - Mike
Mills, Brian Toon



Altitude (km)

400 [\

350 —
300
250
200 -

150

llllll 1 1 Illllll ' 1 lllllll ' Illlll-
(o) |

—«— Model results

|

——— E—dependent
parameterization

Roble & Ridley
parometerization

) 1 keV
100: T— S 10 keV ]
% 100 keV |
5ok =" D 1000 ke ]
ol Y T BRI BRI
10’ 102 10° 10* 10

Total lonization Rate (cm™ s™')

Energetic particle
precipitation

* lonization: N, = NO,

 Auroral electrons
— 1 -30 kev

* Add medium-energy
electrons (MEE)

— 30 kev - 2.5 Mev

Figure from Fang et al., submitted
to JGR, 2008.



Geopotential Height (km)

Geopotential Height (km)

JASONDUJFM JASONDJFMAMUJ

8 o o
--1-""”"- 'ﬁ“

NOXx (ppbv) Diff (%)

< 0o
- 0

NOX (ppbv)

Randall et al. (AGU 2007): On average, auroral precipitation
causes >10% increases in NO, down to ~35 km in SH
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WACCM, GEOS, SABER, and MLS
Stratopause Temperature and Height
MLS T Feb 2006 SABER  GEOS-4 WACCM

"’,‘7 (/

iy

1000

Potential Temperature (K)
n
o
8

228223 GRS : - P et R ——wmae ! : : : ‘ -
o ) -45 0 45 90 45 0 45 90
90 45 0 45 90 -45 0 45 90 .

Latitude Latitude Latitude

Stratopause Temperature 70N Stratopause Height 70N
r i WACCM 5 yr avg

C Saber 2002-2007 avg]|
< :

v 260 A 60 - ]
2| = |
o = i
a -g’ i
E 240 41 E 50}
o I

WACCM 5 yr avy

L Saber 2002-2007 avg -

220 . i L " 1 . " N " 1 a L N " 40 ! | X s K N : | | | ]

Sep Oct Nov Dec Oct Nov Dec

Courtesy of J. France and L. Holt



WACCM and ERA-40 Cold Air Outbreaks

WACCM 1000 hPa Temperature

ERA-40 Surface Temperature

Latitude
Green lines ~ US/Canda border & FL panhandle

-40 -20 0 20 40 60 80 100
Temperature (K)
ERAA40 12Z Surface CAO Algorithm

40

w
[~
o
|
|
|

N
o
"

i

11 121 11 21 31 a1

101
October 1%, 1995 to April 31”, 1996
0 5 10 15 20
# of Points

-40

-20

0 20 40 60 80 100|
Temperature (K)

Latitude
Green lines ~ US/Canda border & FL panhandle

-~
o

[=]
(=]

50 -§- 4

£ <3
o
' 1

N
o
"

101

WACCM ~1000mb CAQ Algorithm

I I
111 121 11 21 3n 41
October 17, 1997 ta April 317, 1998
4 6 8 10 12
# of Points

Courtesy of D. Wheeler



CARMA Microphysical Model
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Reduced Dust At
Summer Mesopause
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Polar Mesopause Temperatures

WACCM vs. Lubken [1999], 70°N

New, Tmin=127.25

Lubken [1999], Tmin=129.00
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Extinction @ Zmax
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Sulfate Geoengineering
(Rich Turco, 1997)
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Changes in Monthly-Averaged
Global Ozone From 1979-2001
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Ozone column (DU)
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Pressure (hPa)

Pressure (hPa)

Global effects of regional nuclear war

Mills et al., PNAS, 2008.
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Ozone column % change
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"Massive global ozone loss predicted following regional

nuclear conflict," Mills et al., PNAS, 2008.
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Ozone column (DU)

Ozone column annual average and range
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Conclusions & Poster Plugs

Energetic particle precipitation (poster, Randall et al.)
— Aurora: >10% NOx increase down to 35 km

— MEE: >25% NOx increases down to 20 km

WACCM stratopause (poster, Harvey et al.): ~10K warmer than
SABER in November

Cold air outbreaks (poster, Harvey et al.): WACCM produces
statistics similar to ERA40 observations

PMCs & meteoritic dust (poster, Bardeen et al.):
— Winds deplete meteoritic dust at summer mesopause

— WACCM/CARMA tuned to observed temperatures produces
PMCs in agreement with SOFIE observations

Mesospheric sulfates: sufficient concentrations at summer
mesopause for PMC nuclei

Sulfate geo-engineering: O, depletion ~2% globally, ~10% near
poles
Regional nuclear war: could produce a near-global ozone hole.
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Polar Mesospheric Clouds
PMC Nucleation

Homogeneous nucleation of water vapor 1s too slow to account
for observed PMC particles.

Proposed nuclei:

meteoritic dust proton hydrates sulfates

H.,O
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Column loss (x10° molec/cm?/s)

Global Mean Ox Column Loss Rates (Geoeng - Control)
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Sulfate Microphysical Model

1. meteoritic dust 2. pure sulfates

emission profile based on Homogeneous
nucleation

Kalashnakova et al. [2000]

Condensation
Evaporation

uow

H SO,
Condensation

H,O
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How Does GW Tuning Impact
CN?

Dust, Previous Tuning, July Dust, New Tuning, July
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Aerosol Size bins
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« 38 aerosol size bins x 3 groups
* volume doubling
 minimum radius 0.1 nm



Pressure (mb)
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