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Global 1.5-km Aerosol Simulation

Global 1.5-km aerosol simulation produced with GEOS-5 Earth system model, focused on North
African dust, running on approximately 30,000 cores at NASA GSFC NCCS, W. Putman (GMAO)
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Aerosols Seen From Space
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Aerosols and Climate Prediction
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IPCC AR5 Technical Summary, 2013

A Direct and indirect effects of anthropogenic
aerosols remains the leading uncertainty in
overall anthropogenic forcing of climate

A The reason is that there are fundamental
uncertainties in important aerosol parameters:
propagating realistic uncertainties in aerosol
parameters through radiative transfer suggests
IPCC estimates of uncertainty are too small

A Aerosol schemes used in near-real time
forecasting models have typically come from the
climate modeling community, which has different
needs and has favored more complex schemes
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Near-Real Time Aerosol
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A Modeling centers are increasingly recognizing the
needs for near-real time aerosol prediction, with
applications to: air quality, hazards, visibility,
scientific mission flight planning, satellite retrieval

a prioris, &

A ICAP is the International Cooperative for Aerosol
Prediction, a grassroots group of forecasting
centers and data providers communicating

common issues and best practices

A The needs for aerosol prediction at NWP centers
has been driven to date by practical application
rather than on the NWP impacts themselves
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Outline

A What are aerosols, and why are they important?

Aerosols are important for climate, weather prediction, and human
applications, but are a very complex and under-observed system

A How do aerosols affect weather and climate?

Aerosols affect weather and climate through their radiative forcing (direct
effect) and their interactions with clouds (indirect effect)

A How do you incorporate aerosol complexity into

weather and climate models?

Complexity can mean different things: including direct and indirect effects (or
not), impacts of aerosols on meteorological assimilation, more or less detailed
treat ments of the aerosols themsel ves,

p
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What are aerosols?

e Aerosols are solid

% particles or liquid droplets
suspended in the
atmosphere

Volcanic Ash Pollen Sea Salt

Primary aerosol sources are dust
storms, wildfires, sea spray, fossil
fuel combustion. Secondary
sources include oxidation of SO2
from fossil fuel and volcanic
sources and condensation of
volatile organic gases.

Dust Organic Haze Smoke Volcanic Ash

About 90% of aerosol emissions by mass are natural, mostly large dust
and sea salt particles that have short atmospheric residence times. The
remaining 10% of aerosol mass is anthropogenic and tends to be
smaller particles, but these are almost all of the particles by number!
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Direct Human Impacts of Aerosols
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A firefighter from the Palo Alto and Santa Clarita County strike team works on the Soberanes Fire on
Tuesday, July 26, 2016. From Palo Alto Fire Department.

Smog in Lianyungang, Jiangsu Province Haboob in front of squall line, Dori, Burkina Faso, May 23, 2016
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Air Quality and Human Health
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UN World Urbanization Prospects Highlights (2014)

A Between 2010 and 2050 world population
will increase from 7 to 9-10 billion

A All of this population growth is occurring in
urban settings

A 2010: 3.3 million air quality related deaths;
2050: grows to 6.6 million

A Aerosol events implicated in vector borne
diseases
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Air quality implicated premature deaths (per 10* km?) in 2010
(Lelieveld et al., Nature, 2015)
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Why do we care about aerosols?

A Air quality and human health

A Aviation hazards
A Visibility

A Field campaigns
A Measurement a priori
A Data assimilation

A Biogeochemical cycles
A Climate
A Impact on weather and NWP
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Aerosol Radiation Interaction (ARI)

The Aerosol Direct Effect
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Aerosol Cloud Interaction (ACI)
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-, The Aerosol Indirect Effect -
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y:pllc courtesy NASA Earth Observatory

Larger cloud droplets, Smaller cloud droplets,
less reflective cloud. more reflective cloud.
Less Aerosols More Aerosols
Larger cloud droplets, Smaller cloud droplets,
droplets rain out euierm droplets rain out less,
clouds dissipate quicker. longer-lived clouds.
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Radiation and Clouds

The Aerosol Semi-Direct Effect
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Surface radiative cooling due to

aerosol layer vs. no aerosol layer
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Decreases \  to reduction in low-level clouds
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eCharacteri zati1 on

e Are the aerosols:
;}4-‘;3* Brightening or darkening?

o, Cooling or warming?
Above the cloud or below or inside?
Natural or anthropogenic?
How dark (absorption properties)?
Inside the clouds or not?

These questions cannot be
answered today with the necessary
accuracy or coverage.

2o & 3

e

K
4 ;&3‘

Lorraine Remer, from the ACE study presentation
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An NWP Example

n of Canadian smoke plumes with radiatively interactive section

Angstrom Wavelength Exponent «

3 : | = g 5 ) | i
Optical Properties :
Model 1
Y >
2p M 1
M3 s K1
M3 ......... Y %96
M3
. K2
1r 5'\(‘9(“ !
e® i
e’ F l
Fi J
i
O ri

Mz. ........... MQ. ........... MZ Kz
| |
| J

Blue Moon l

J
-1 e s 4 s 0 o f - 3

0 24 48 72 96 120

Estimated Age (h)

Westphal and Toon, JGR, 1991

@ iSF‘ACE FLIGHT CENTER @

Peter Colarco, Aerosol Complexity, ECMWF Annual Seminar, September 2016

Temperature (°C)

Flux (W/m?)

40 LA B S B BN LA RN A R T T T
L ®)  Surface Temperature
30k LT ~. Tg (passive smoke) _
."— T T KX
l‘ ..-’-‘ -‘"- ‘\
20+ ,"..-"'} Tg (aclive smoke) "».,__::“_‘ -
e RN Rman
10 ]
0
ATg
-1 0 PR R | | - 1 1 1 1 1
12 18 24 30 36
Model Time
150 [ ~frrrrrrr-r rTrrrr-r-1 T J ]
i (b) Net (passive smoke) ]
[ ’ !
100 - ]
[ |
I: Nel (oclive smoke)

Net Flux

-100 L.

24
Model Time

36

Pressure (mb)

Pressure (mb)

100
200

300
400
500
600 |-
700
800
900
1000

T T T T T T T T L) T L)

Model 1800 UTC 31 July, 1982

N

Solar, aclive smoke

®

aclive
smoke

Heating
Rate
IR, passive smoke

] 1 1 L L L A 1 1 1 i

N
R TC L
M

{
v

-4

-2 0 2 4 6 8
Heating Rate (K d™') or Extinction (km™)

Smoke Profile 1

Inilial Profile

-~
..... = “-.*
‘."\. y Baseline Case
’

"y

. LN
7 - " Passive Smoke
1"‘.

.....
ot

i 2 3 4 ) 6
Smoke Concentration (uzg m™)



Impact of Dust Radiative Forcing

Altitude [km]

10

Airborne Saharan dust particles absorb solar and infrared radiation, affecting
weather and climate. Difference of simulations ARI - no-ARI.
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Speed-up of westward
blowing winds caused
by dust heating [m s7]

Warming of air caused
by absorption of sunlight
in dust [K]

Outline of dust plume
over western Africa

A North-South vertical
slice through the
summertime western
Saharan atmosphere,
where a dust plume is
centered at about 20°N
(thick, solid line).



Impact of Dust Radiative Forcing

Emissions [Tg]
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A Strong SW absorption in our model leads to enhanced
dust emissions, contrasts with Miller et al. (2004), Perez
et al (2006)

S EERETITE A Stronger SW absorption also associated with higher

Local Hour

altitude of Saharan dust transport

A LW effects more pronounced in our model (larger
particles) and were important to controlling diurnal cycle
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Climatological Aerosol Forcing

No Aerosol Impacts Old Climatology (1997) New Climatology Data Assimilation Clim.
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A Clear reduction in meteorological surface
parameter biases by including aerosol impacts

A Not obvious however that forecast skill is
improved by choice of climatology (or that
bias/rmse dramatically better for more
sophisticated climatology)

2m specific humidity bias (g/kg)
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Forecast length (hours)
Toll et al., Atmos. Res., 2016
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Increasing Complexity in Model
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Increasing Complexity in Model

(b) CAPO_VERDE 440nm, T+24

(a) SAADA 440nm, T+24
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Increasing Complexity in Model

Differences in clear-sky net TOA forcing from
model with static climatological aerosols

Monthly varying Prognostic aerosol Data assimilation
climatology with ARI initialized with ARI
(a) Clear-Sky Net TOA Radiation (W m™) (CLIM-CNTRL) (b) Clear-Sky Net TOA Radiation (W m®) (AER_Dir-CNTRL) (c) Clear-Sky Net TOA Radiation (W m®) (INIT_Dir-CNTRL)
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Increasing Complexity in Model

Potential cloud droplet # concentration [cm]

(a) CLIM (b) AER_DIR_INDIR
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0f 0
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__ I [ N T
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Table 2. The global mean day 5 all-sky net radiative forcings Net TOA Radiation (W m”) (AER_Dir_Indir-CNTRL)
W m_2) from the different aerosol representations. 90N

CLIM -0.30
AER_DIR —-0.87
AER_DIR_INDIR 4.18 R
INIT_DIR —1.48 229 0.89 ass
INIT_DIR_INDIR 226 4—181 407

Mulcahey et al. ACP 2014
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Increasing Complexity in Model

Aerosol impacts on low cloud amounts

Direct Effects Indirect Effects

positive impact on model
temperature and
radiation biases

Mulcahey et al. ACP 2014
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Interactive Aerosol Forcing

WGNE Exercise
Evaluating Aerosols Impacts on Numerical Weather Prediction

A WGNE (WMO) exercise:

- How important are aerosols for
predicting the physical system (NWP,
seasonal, climate) as distinct from
predicting the aerosols themselves?

- How important is atmospheric model
guality for air quality forecasting?

- What are the current capabilities of
NWP models to simulate aerosol
impacts on weather prediction?

A Series of models run same aerosol
conditions in series of forecast
experiments; e.g., SAMBBA case of
S. American Aerosols

A All models run with and without
aerosol radiative interaction; JIMA
additionally includes aerosol cloud
Interaction

s

Aerosol Optical Depth 550 nm (MODIS)
Time Average 0515 SEP 2012

e |
0,05 0,26 047 0,68 0.89 1,10
Aerosol Optical Depth 550 nm (Dark Target) (1)

OeaMn = D01 Mar = 1 08

-

Saulo Freitas
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Interactive Aerosol Forcing

WGNE Exercise
Evaluating Aerosols Impacts on Numerical Weather Prediction

A WGNE (WMO) exercise:

- How important are aerosols for
predicting the physical system (NWP,
seasonal, climate) as distinct from
predicting the aerosols themselves?

- How important is atmospheric model
guality for air quality forecasting?

- What are the current capabilities of
NWP models to simulate aerosol
impacts on weather prediction?

A Series of models run same aerosol
conditions in series of forecast
experiments; e.g., SAMBBA case of
S. American Aerosols

A All models run with and without
aerosol radiative interaction; JIMA
additionally includes aerosol cloud
Interaction
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Interactive Aerosol Forcing

WGNE Exercise

't ‘{h Evaluating Aerosols Impacts on Numerical Weather Prediction

& 274

A WGNE (WMO) exercise:

- How important are aerosols for
predicting the physical system (NWP,
seasonal, climate) as distinct from
predicting the aerosols themselves?

- How important is atmospheric model
guality for air quality forecasting?

- What are the current capabilities of
NWP models to simulate aerosol
impacts on weather prediction?

A Series of models run same aerosol
conditions in series of forecast
experiments; e.g., SAMBBA case of

S. American Aerosols

A All models run with and without
aerosol radiative interaction; JMA
additionally includes aerosol cloud

interaction

@ i SPAGE FLIGHT GENTER &

Peter Colarco, Aerosol Complexity,
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Interactive Aerosol Forcing

" WGNE Exercise
WA Evaluating Aerosols Impacts on Numerical Weather Prediction
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Dust Impacts on Tropical Cyclones

Alnclusion of interactive
aerosols in GEOS-5 model
In NWP configuration has
no impact on anomaly
height correlation (inset)

No Aerosols

Reale et al. Weath. Fore. 2011

A Statistically significant
changes in forecast
vorticity at 5 - 6 day range

Interactive
Aerosols

Statistically
Significant

Reale et al. GRL 2014

Peter Colarco, Aerosol Complexity, ECMWF Annual Seminar, September 2016



