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Overall Satellite Limitations

• Polar orbiters provide snapshots only
• Difficult to probe cloud base
• Typically ~100s of meters or poorer horizontal resolution
• Passive instruments offer little vertical information
• Active instruments offer little spatial coverage
• Little-to-no information about aerosol particle properties
• Bigger issues retrieving aerosols in the presence of clouds! 
• Cloud property retrievals can be aliased by the presence of aerosols 

These points are summarized in Rosenfeld et al. Rev. Geophys. 2014



• Difficult to retrieve aerosols that are collocated with cloud 
-- Cloud-scattered light & cloud “contamination” can affect near-cloud aerosol retrievals

• Rarely can detect aerosol in droplet-formation region below 
clouds – need cloud & aerosol vertical distributions

• Aerosols smaller than about 0.1 micron diameter look like
atmospheric gas molecules – must infer CCN number

• Must deduce aerosol hygroscopicity (composition) from 
qualitative “type” – size, shape, and SSA constraints 

• Environmental (Meteorological) Coupling – Factors can co-vary
-- LWP can decrease as aerosol number concentration increases (also depends on atm. stability)

• Many aerosol-cloud interaction time & spatial scales 
do not match satellite sampling

Finer Points on Satellite Aerosol Retrieval Limitations

Satellites are fairly blunt instruments 
for studying aerosol-cloud interactions!!



Satellite “Direct” Capabilities
• Polar orbiting imagers provide frequent, global coverage
• Geostationary platforms offer high temporal resolution
• Multi-angle imagers offer aerosol plume height & cloud-top mapping
• Passive instruments can retrieve total-column aerosol amount (AOD)
• Active instruments determine aerosol & some cloud vertical structure
• UV imagers and active sensors can retrieve aerosol above cloud
• Multi-angle, spectral, polarized imagers obtain some aerosol type info.
• Active sensors can obtain some aerosol type info., day & night
• Satellite trace-gas retrievals offer clues about aerosol type 
• Vis-IR imagers can retrieve cloud phase, rc, Tc, pc, c, c, Cf, LWP

Need to be creative & 
Play to the strengths of what satellites offer!!
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(e) Atlantic convective cloud invigoration from MODIS; 
aerosol optical depth (AOD), cloud fraction (Cf), cloud droplet 
effective radius (rc), water optical depth c) vs. height; pc
encoded in colors, increasing from blue to green. [Koren et al. 
GRL 2005]

(a) Ship tracks off the coast of California, from AVHRR. 
(b) Retrieved rc and c differences. [Coakley & Walsh JAS 2002]. 

(c) False-color AVHRR: Red indicates large droplets, 
yellow signifies smaller droplets [Rosenfeld, Sci. 2000] 

(d) Correlation between AVHRR particle number (Na) and 
cloud droplet (Nc) concentrations, for 4 months in 1990; 

Yellow indicates high Nc with large Na; red indicates high Nc
despite small Na. [Nakajima et al., GRL 2001] 

Historical Examples
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Hoped-for Satellite Products; Rosenfeld et al. 2014*

• TOA radiation – cloud-free & cloudy conditions
• Precipitable water vapor
• Upper tropospheric water vapor
• CO2 and other greenhouse gases
• Cloud-top temperature, albedo, emissivity
• Cloud-top rc_eff and thermodynamic phase
• Height-resolved winds
• Moisture soundings
• AOD, SSA, ANG, polarization – Aerosol Type
• Cloud vertical profile rc_eff and thermodynamic phase
• Vertical profile hydrometeor type
• Composition & longevity of supercooled cloud layers
• Cirrus radiative effects and dependence on CCN, IN

Indirect or multi-platform * Table 1



Would you believe the answer
if it were a surprise?



MISR Aerosol Type Discrimination

Kahn & Gaitley JGR in press

July 2007January 2007

1-10 31-4011-20 41-50 51-6221-
30

63-70 71-74
Mixture Group

Spherical, non-absorbing
Spherical, absorbing

Non-spherical

0.5 < AOD < 1.0



Seasonal Change in Aerosol Type over India
Anthropogenic vs. Natural based on MISR-retrieved Particle Size & Shape

Winter (Dec-Feb) Monsoon (Jun-Sep) Post-monsoon (Oct-Nov)Pre-monsoon (Mar-May)

Dey & Di Girolamo  JGR 2010

Pre-monsoon influx of 
dust from the Great 
Indian Desert and 
Arabian Peninsula

Large influence of 
anthropogenic particles 

due to pre-monsoon 
biomass burning

Additional influence of 
maritime particles 

produced by high surface 
wind

Large influence of 
anthropogenic particles due 
to seasonal peak in biomass 
burning and reduced dust 

transport

Increased 
wintertime 
transport of 

anthropogenic 
pollution

fNatural fAnthro.

Index

Reduced dust 
loading due to 

monsoon 
precipitation

Himalayan foothills -
advection of 

anthropogenic 
particles from Indo-

Gangetic Basin

Small, spherical = anthropogenic  
Large, non-spherical = natural



SEAC4RS – MISR Overview  19 August 2013

*
Site 2 

Smoke Plume 1
AOD 0.35‐0.9

ANG 1.5‐1.9 (small)
SSA 0.94‐0.98 (absorbing)

FrNon‐Sph 0‐0.2  (mostly sph.)

Smoke Plume 2
AOD 0.35‐0.6

ANG 1.6‐2.0 (smaller)
SSA 0.96‐0.98 (less abs.)
FrNon‐Sph 0‐0.1 (more 

sph.)

Continental Background
AOD 0.15‐0.2

ANG 1.0‐1.5 (medium)
SSA 0.99‐1.0 (non‐abs.)
FrNon‐Sph 0.0 (spherical)

Effectively larger, less 
absorbing particles in 
Plume 2 than Plume 1. 
Larger yet in Plume 3. 
Largest in background.

Smoke
Plumes

Site 3

Site 2

Continental‐
Smoke Mix

1

2

3
Five Aerosol Air Masses:
• Three Smoke Plumes
• Continental Bkgnd.

• Continental‐Smoke Mix

Passive-remote-sensing Aerosol Type is a Total-Column-Effective, Categorical variable!!



Correlation Between AOD from Space and CCN 
in Remote & Polluted Regions

Andreae ACP 2009



USING AI (= a X Angto Estimate CCN 
 

Kapustin, Clarke, et al., JGR 2006 
 

• Test Idea: Smaller particles more likely to become 
CCN; Ang is a smaller quantity for larger particles 
• ACE-Asia, Trace-P in situ field data – CCN proxy  

 

• AI does not work quantitatively in general,  
but can if the data are stratified by: 
 

-- RH in the aerosol layer(s) observed by satellites 
-- Aerosol Type (hygroscopicity; pollution, BB, dust) 
-- Aerosol Size (Ang is not unique for bi-modal dist.) 
 

Practically, in addition to a and Ang, this requires: 
 

-- Vertical humidity structure 
-- Height-resolved aerosol type  
-- Height-resolved size dist.  
    [extrapolated to small sizes(?)] 
 

This study includes enough detail to  
assess AI ~ Na and AI ~ CCN  

AI vs. in situ CCN proxy
(a) all ACE (blue) & Trace-P, dry
(b) ACE - OPC-only, amb. RH
(c) TP - OPC-only, amb. RH



Radiosonde
RMS

AIRS
Bias

AIRS
RMS

AIRS - Temperature & Water Vapor Profiles
Temperature Profiles

Accurate to 1K/km to 30 mb

Water Vapor Profiles 
Match Observations 15%/2km

Nauru Island Radiosondes

Instrument Spec.
Requirement

AIRS
Bias

AIRS
RMS

(T. Hearty/JPL)

Ocean, Mid Latitude vs ECMWF

(E. Fetzer/JPL)



The Cloud-Aerosol Lidar and Infrared Pathfinder 
Satellite Observations (CALIPSO)

• Lower AOD sensitivity than SAGE 
• But higher space-time resolution than SAGE
• 15 orbits per day, ~100 m wide sampling curtain; averaged to 333 m 
• 532 and 1064 nm + polarization (at 532 nm); to ~40 km elevation
• Layer height for AOD ≥ 10-2; AOD for layers having AOD ≤ 3
• For low AOD, need the higher S/N of nighttime, 532 nm observations

Winker et al., JAOT 2009

Vertical 
Range (km)

Horizontal 
Resolution (km)

Vertical 
Resolution (m)

30.1	– 40 5 300
20.2	‐ 30.1 1.7	 180	
8.2	– 20.2 1. 60
‐0.5	– 8.2 0.33 30

Launched April 2006



The Cloud-Aerosol Lidar and Infrared Pathfinder 
Satellite Observations (CALIPSO)

Omar et al., JAOT 2009



MISR Stereo Imaging Cloud-top Height

Seiz & Davies, RSE 2006

Colors indicate 
different camera 

combinations used



rc(top) vs. rc(col) (microns)
I.       <15          <15    [non-ppt.]
II.      >15          <15    [transition]
III. >15           >15   [ppt.]

rc vs. AI vs. LTS

rc(top)rc(col)

AI AI
LTSLTS

Matsui et al., GRL 2004
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The Clouds and the Earth’s Radiant Energy System (CERES) 
Short-Wave (SW) Albedo

• Instruments on 3 satellites (Terra, Aqua, S-NPP) [formerly TRMM; future JPSS-1, 2]
• Channels: SW (0.3-5 μm), IR (8-12 μm); Total (0.3-200 μm) 
• Daily global coverage in across-track mode (+ along-track & rotating az options)
• Spatial Resolution: ~ 20 km at nadir

CERES SW Albedo Absolute Calibration accuracy: ~1%
Instantaneous SW TOA Flux Uncertainty: ~ 4% for all-sky
Stability: ~0.3 Wm-2/decade (0.001/decade in global albedo)

Loeb et al., JGR 2006; J. Clim. 2009; Surv. Geophys. 2012

Wm-2

March 2002 CERES SW TOA Clear-sky flux (w/MODIS cloud-clearing)



MODIS global cloud regimes
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Courtesy of Lazaros Oreopoulos

CTP vs. TAU Cluster Analysis
(10 “Cloud Regimes”; MOIDS V5.1)

Frequency of Occurrence
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Precipitation vs AI per CR (50°S to 50°N) 

Courtesy of Lazaros Oreopoulos

1Q 3Q



Summary

CRice
Land/Ocean
(CR 1, 2, 3)

CRliq
Land/Ocean
(CR 6, 7, 8)

CR10

Prcp ‐
CF ‐
CTH ‐
Tau

Re ‐
PrcpNZ ‐

Observed trends when going from low aerosol index (1Q) to high (3Q)

red arrow: consistent with invigoration; blue arrow: consistent with 1st and 2nd indirect effect

Courtesy of Lazaros Oreopoulos



Box Model Considerations
• Spatial Domain: 5˚ x 5˚ (~500 km)

3-D Spatial Resolution: ~10 – a few 100 m
• Temporal Coverage: (at least) 24 hours, multiple times

Temporal Resolution: ~ (at least) 1-3 hours

• Need top, bottom, and *side* fluxes

Satellites Cannot Provide All This
But satellites can provide context over the domain

… and some validation of the modeling
What is the fractional coverage of different cloud types in the domain?

How do the TOA radiative fluxes vary with atmospheric conditions?
What are the background AOD and aerosol type gradients?

What are the cloud-top, aerosol layer, and aerosol plume heights? 



Satellites

Model Validation
• Parameterizations
• Climate Sensitivity
• Underlying mechanisms

CURRENT STATE
• Initial Conditions
• Assimilation

Remote‐sensing Analysis
• Retrieval Validation
• Assumption Refinement

frequent, global 
snapshots;

aerosol amount & 
aerosol type maps, 

plume & layer heights

space‐time interpolation, 

DARF & 
Anthropogenic 
Component 

calculation and prediction

Suborbital

targeted chemical & 
microphysical detail

point-location
time series

Regional Context 

Kahn, Survy. Geophys. 2012

Aerosol‐type
Predictions


