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Phenomenology - Oceanic Weather
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Volcanic Ash Tr'anspor‘r Dlsper'swn & aﬁ.
Sedimentation

Va
- Severe engine / windscreen hazard. ‘w
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Mid-Latitude Cyclonic Storms, waves,
and related jet stream influences.

- Turbulence, severe embedded
convection, winds, low-mid level icing.
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Tropical Storms, Squall Lines,
Hurricanes.

- Deep/severe convection, turbulence, ‘
damaging precip.

f,. TIsland- Induced 7= : |
L Convection { Equatorial Systems:

Equatorial Cloud Clusters.
Twin Cyclones and Super Clusters.
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;if URAL SCIENCE: ELEMENTS OF CLIMATE
5?@‘% FEEDBACKS IN MODEL PROJECTION$AR
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. RESOLUTION — REGIONAL DISTRIBUTION

— MISSING SCIENCE
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Putting pieces together: to add context and N
understanding to the aerosol-physical |

meteorology system NLAR
Seml-dlr_ect: Direct radiative forcing and energetics:
Do the direct :
Hot ol modify the clear sky heat budget
Indirect Effect: i b Boundary
15t Cloud brightness o e layer &
2nd: Precipitation transitions
e e e —
— ———

| g

N b \ SeaWiFS: Africa Feb 2000
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NCAR

- Water: Stuff of life, death
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Daily Precipitation at 2 stations &

NCAR
Monthly
40 Amount 75 mm

20 Frequency 6.7%
O e Intensity 37.5 mm

1 6 11 16 21 26

drought wild fires local
wilting plants floods

40 Amount /5 mm

20 Frequency 67%
0 lna J L. sl .08 sslls. ois Intensity 3.75 mm

;] 6 11 16 21 26
soll moisture replenished
virtually no runoff




Motivation N
WorIdWide water resource Business-as-Usual 2050 &
stresses
Severe weather hazards

New observational,
computational, statistical

technologies
i ; \Withdrawals-to-Availability Ratio
I ncreaSIng e nV| ron m ental Low Stress Mid Stress Severe Stress
; _ E—
and air quallty Processes ' '
The global mean radiative forcing of the o . -

: - for the year 2000, relative to - €StiMates of indirect
Population and demographic forcing that includ
changes s . Bl feedback to the

> liquid-water path
Inadvertent weather e 27w andcloud amount
modification : oo S I, S H from changes in
Sl : 2, Ui cloud microphysics
=2 similar physical s 1 vl e and precipitation
efficiency range from

processes as active
weather modification



Microphysical processes in precipitation develofRlent

NCAR
Evaporation during melting
= Condensation Initiation
= Deposition
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Inadvertent weather modificatiof®

NCAR
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N\
The aerosol/precip connection

Important IN _
» Clear anthropogenic effects

P kg | Mool Hase | -pesg Glunde
(e.g., satellifg-evfdence) il ir.l o e - ,
« Well known cllmate connectlons AN -

— Direct (reflect incoming solar radlatlon back to space)

— Indirect (modify properties and Ilfetl Rosbrdt & AV Ao
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Key Uncertainties N
(Possible solutions) e

Cloud and precipitation microphysics Issues

« Background concentration, sizes, and chemical
composition of aerosols participating in cloud
processes (in-situ and satellite measurements, models)

Cloud dynamics issues

 Cloud-to-cloud and mesoscale interactions relating to
updraft and downdraft structures and cloud evolution
and lifetimes (Multi-parameter radar, models)

Cloud modeling Issues

« Combination of best cloud models with advanced
observing systems in carefully designed field tests and
experiments (data assimilation, development of two-way
Interactive aerosol and microphysical parameterizations,
land-surface interactions, upgraded and new
parameterizations)



N\
NCAR

Main Point;

Aerosols Have Changed:

e CCN: sulfate is about 70% anthropogenic, with
emissions that have varied with location (e.g.,
peaking for the US about 1970 but increasing
concentrations in some other parts of the world)

e Desert dust concentrations fluctuate over a wide
range and possibly show increases. These have
good ice nucleating ability, and are likely candidates
for the ice nuclel that are of importance to
precipitation formation.

Preliminary indications are that this could have changed
precipitation processes in significant ways depending on
the background pollution and aerosols in a specific
region. These results apply both to inadvertent and
advertent weather modification.



N\

" NCAR

Important Point:

Conditions may have changed in significant ways during
the last century. Climate change especially through the
aerosol component could have changed the feedback
mechanism of clouds and climate

There is a need for development of reliable benchmark
studies in cloud and precipitation processes that rely
upon physical studies.

Potential differences between start and end of the rainy
season because of washout of aerosols by rain
providing for cleaner conditions towards the end

During dry periods aerosol concentrations may increase
and decrease effectiveness of natural clouds to produce
precipitation.



MRS AESCNEUICS |no
Space Adminisiralion

Southern African Regional Science Initiative—SAFARI 2000

Goddard Space Flight Canter
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CCN SUPERSATURATION SPECTRA AND ASSOCIAED
PARTICLE TYPES FROM TEM/SEM IMAGES&
FROM BIOMASS SMOKE IN SOUTHERN AFRICANCAR
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(.) The Unlfled Aerosol Experiment- --
- Emirates:UAE? (o

A Study of Arablan Gulf Aerosol Microphysics, Radlatlon and
Transport Phenomenology
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Satellite tracking of dust and pollution: Aug 30t &
; Dust and Pollution from Saudi Arabia and I[ran  NCAR

~ Aug. 28 Aug. 29: Air Aug. 30: Humid air

Stagnant air in moves south mass creates

ne ce_ntral Gulf towards UAE severe air quality
builds up episode in UAE

Jollution levels



MISR/MODIS Plume Research o
Implications for Winds/Trajectory Modeling w

NCAR
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Images
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EDS analyses
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Aggregation of NaCl particles

_Ca sulfate

Zirku island: 120m alt.

Also common: NaCl + (NH,),SO,




al time Aerosol and Environmental Monitoring in t

United Arab Emirates

jint Dept of Water Resource Studies, NCAR, NASA, and NRL DevelopmenfNCAR

An Example: September 12", 2004
; . 12, 2004, had one of the
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determined (e.g. Step 4. Based on monitoring such
aeosols/dust in air). events, improved weather models
swmmm are developed and lmproved

Step 3. Derived information S=Le s -
from satellites are then Eventually, satellite data and

Step 1. MODIS images are
taken twice a day over the
world.

observations will be assimilated
directly into the models to provide an

up to the minute assessment of
aerosol and environmental conditions

fused with weather models



Aerosols and Composition (Saudi Arabia):.

 NCAR

Vertical measured size
distribution of aerosols satellite) optical depth
between .1 and 3 um - Sulfate, dust and
diameter o ammae 7 b biomass aerosols
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NCAR

Extremely high droplet

concentrations during

incursion of biomass

smoke from Africa
associated with drop in

mean sizes of droplets

Daily microphysical
measurements in clouds

In Saudi Arabia during
July and August 2004

Disperssion

LWC [gm™] SPP Concentration [cm-31-1]
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—>— Disspersion —| 0.25
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Southeast Asian Programs .




Contrasts In Indonesia
1997-1998 and 2005 Studies
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*Develop Indonesian in house
ability to study the atmosphere
Utilize NRL aircraft - @
iInstrumentation MODIS 0,86 um Opticl Dep
*NCAR will also coordinate radar

sites

sDeploy AERONET mesonet of
sun photometers.

Fully integrate local

0] 0.5
ISR 0.55 um Optical Depth
2004
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CCN and aerosol measurements Q

East coast measurements NCAR
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Mali Aerosols Observations

30 August 2006

NCAR
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1)

2)

New Tools

New remote and in situ
@bservational tools

¢ e.g., Doppler lidar and
alrborne radars, MW
radiometer, CPI, cell-
tracking software

Cloud and precipitation

physics modeling W E
+ e.g., focus on CCN,

Ice hucleation
processes
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Missions: chemistry and \ (s CN, CLN,
aerosol mapping,

- PCASP, filter pack sgmpler -
cloud penetrations, 3 L.

seeding trials ~€Jfoud phy5|cs FSSP 2D-C, 2D- I

State parameters: T, T, p,
TAS, Hdg, GPS position,
derived winds



New Tools

3) Computation and

01154
1 of 490

data assimilation
capabillities
* rapid data processing

 simulation of cloud
and precipitation
Processes

4) Existing field

facilities and new

partherships

among research and

operational groups




A\
Summary g

e Spatial and temporal changes in natural
concentration, sizes, and chemical
composition of aerosols change
microphysical and precipitation processes

« Affects of efficiency of precipitation
development may widely differ from one
situation to the other.

 New tools available to stratify these
results



Summary T\

NCAR

| Important Problems

.+ Climate and Water Resources

.« Environmental and air quality

-« Inadvertent weather modification effects

I Opportunities

L New observing technologies
Better models and computing
Recent interesting research

Establish programs with major emphasis on
guantification of the effects of both advertent and
Inadvertent weather modification



