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Introduction to Remote Sensing
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Survey of Satellites we will be covering

Lab 0: Project Description Review

Term Project Outline — Previous Projects - Brainstorming

Introduction to MODIS Instrumentation
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Lab 1: Introduction to MODIS, Matlab and File Types
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Longitude

MODIS Products (L2 vs. L3) and Data Access

Introduction to MODIS Cloud Products

LAB 2: Global and Regional Cloud Properties

Introduction to CloudSat/CALIPSO Cloud Products and Data

CALIPSO “Curtains” and Analysis

LAB 3: Case Studies using CALIPSO “Curtains”

Introduction to MODIS Aerosol Products

MODIS Aerosol Products Continued

LAB 4: Regional MODIS Aerosol Changes & Trends

Introduction to TOMS and OMI Satellites

Introduction to Absorbing Aerosol Index and Aerosol Index

LAB 5: Comparison of AAl, Al, Optical Depth and Thickness

Introduction to CALIOP Aerosol
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CALIOP Aerosol identification

LAB 6: Cloud Aerosol Interactions - CALIPSO and CALIOP

Introduction to Land Surface Products

MODIS Fire, Burned Area and other Useful Datasets

LAB 7: Mapping Land Use Changes and Fires

Intro to Ocean Products: Temperature & Topography

Mapping El Nifio

LAB 8: Mapping Major El Nifio Events

Introduction to TRMM Satellite

TRMM Data Products

LAB 9: Precipitation Trends and Patterns

Introduction to GPCP Data Set

Daily, Monthly, and Climatological Precipitation

LAB 10: Comparison between TRMM and GPCP Data Sets
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Atmosphere \

e ATMOSPHERE - Cloud and Aerosol Properties
e LAND - Albedo, Surface Reflectance, Burned Area Index
* OCEAN - Ocean Color, SST, Chlorophyll
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ODIS Atmosphere Time Resolution

Level 2 data (L2) are called Granules and represent 5
minutes of data (also high spatial resolution).

Level 3 (L3) are available in three different time
resolutions (lower spatial resolution, 1 x 1 degree)

e Daily (08_D3)
e Eight Day (08_E3)
e Monthly (08_M3)

It is necessary to choose the time resolution (and
spatial resolution) that suits your research needs.
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P Atmos p here Products

There are six Level-2 (Orbital Swath/Granule) MODIS
Atmosphere products collected from two platforms:
the Terra platform and the Aqua platform.

e Aerosol - MODo4_l.2 (Terra) and MYDo4_lL.2 (Aqua)

e Cloud - MODo6_l.2 (Terra) and MYDo6_L.2 (Aqua)

e Water Vapor - MODos_l.2 (Terra) and MYDos_L2 (Aqua)

e Atmospheric Profile - MODo7_L2 (Terra) and MYDo6_l2 (Aqua)

e Cloud Mask - MOD35_L2 (Terra) and MYD35_L2 (Aqua)

e Joint Atmosphere - MODATMLz2 (Terra) and MYDATMLz2 (Aqua)
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Global Aerosol
e ambient aerosol optical thickness and depth (AOT; AOD)

e non-cloudy conditions during the day, not over ice and
SNOW

e Primary Products 10 x 10 km.

e AOT is derived over ocean and dark vegetated surfaces at 3
km resolution, and contained in MODo4_3K and
MYDo4_3K product files for Terra and Aqua.

e There are two ‘flavors’ of Aerosol retrieval algorithms:

» Dark Target and Deep Blue



Global Estimates of Ambient Fine Particulate Matter Concentrations from
Satellite-Based Aerosol Optical Depth: Development and Application

Aaron van Donkelaar,' Randall V. Martin,'2 Michael Brauer,? Ralph Kahn,* Rob
and Paul J. Villeneuve®€

'Department of Physics and Atmospheric Science, Dalhousie University, Halifax, Nova Scotia,
for Astrophysics, Cambridge, Massachusetts, USA, 35chool of Environmental I-kmlth Unnﬂarsr
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Hongbin Yu, K. E. Dickinson, and M. Chin'
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Intercomparison between CMIP5 model and MODIS
satellite-retrieved data of aerosol optical depth,
cloud fraction, and cloud-aerosol interactions

Alyma Sochel” snd lennlier D, Smell Griswold"

' AMtmasphe s Sosnoes Department, University of Hoaafs 2t Minoa, Honaloby, Hawan USA,

Abstract Aerosols are 3 oritical camponent of the Earth's atmosphene and can affect the dimate of the
Earth throwgh their interaction s with salar radisticn and clouwds Olasd fraction (CF) and ool aptical
dapth (AOD] a1 550 nm fom the Modarate Resolution hmaging Speciromdicmeter (MODIS) as wed with
analogois doud and asrodsl propeities from Historical Phase 5of the Couplad Moda] Intercompan son
Projea [CMIPS] model rens that explicitly whdemﬂuwﬂcm and parameerized dosd-a srogal
ineracions The modss underestimate AOD by approximatsly 15% and underestimaie CF by approsmatsly
10% ewerall on a global scale. Aregional analysisis then wsed to evaluate mode pedformance in two reglons
with berecwrts ke s urrdng scthvity and sboetbing satod South Amenica [5AM) and Seuth Afica [SAF]. In
SAM, the modek overest mate ADD by 48% and Underestimate OF by 149 In SAF, the mode b underestimate
ACD by 35% and ovensatimate OF by 134%. Average anmual cpcles shaw that the manthly tining of A0D
peaks chossly match atellite data in both 5AM and SAF for all except the Community Atmosphers Model 5
and Gaophysical Fluld Dynamics Laboratony {GFDL modes. Monithly timing of OF peaks closely match for all
masdals [axcept GF DL for SAM and SAF Sorting monthly averaged 2° « 2 5" model or MODIS OF a5 a function
of ADD does not tesult in the prevosly olserved “boomerang’-shaped OF verses ADD relstionship
charactertstic of regions with absoding aeosols from biomass buerming. Closdaeiosol intaactiong as
obiserved wsing daily (or igher) temporal resolution data, are not repmdecible at the spatial or Bmporal
e ution provided by the CMIPS models.

Annual evele of global distributions of aerosol optical depth from
integration of MODIS retrievals and GOCART model simulations
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MODIS cloud fraction
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* Global Cloud

e Monitors the physical and radiative properties of clouds

 cloud fraction

» effective cloud particle radius

» cloud optical thickness

 cloud shadow effects

 cloud top temperature and height

« effective emissivity

» cloud phase (ice vs. water, opaque vs. non-opaque)
» cloud particle phase (ice vs. water, clouds vs. snow)

e both daytime and nighttime conditions
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Reconciling Simulated and Observed Views of Clouds: MODIS, ISCCP,

and the Limits of Instrument Simulators

ROBERT PINCL
University of Coloradn, and NOAA/Earth System Research Labovg

STEVEN PLATNI
Earth Sciences Division, NASA Goddard Space B

and Yinon Rudich?
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Measurement of the Effect of dl
Amazon Smoke on Inhibition of
Cloud Formation te

llan Koren,2* Yoram J. Kaufman,? Lorraine A. Remer,!
Jose V. Martins'?

Urban air pollution and smoke from fires have been modeled to reduce cloud
formation by absorbing sunlight, thereby cooling the surface and heating the
atmosphere. Satellite data over the Amazon region during the biomass buming n
season showed that scattered cumulus cloud cover was reduced from 38% in =~ 5
clean conditions to 0% for heavy smoke (optical depth of 1.3). This response
to the smoke radiative effect reverses the regional smoke instantaneous forcing
of climate from —-28 watts per square meter in cloud-free conditions to +8  °
watts per square meter once the reduction of cloud cover is accounted for. -h

1%

methods ved o determine choad-Lo FESSETE; A% 5ol | = r

lators. Differences in olwerved drﬁl:nrm'lll:'mx al 1:111iF|:'|:'lhi|-J;| 32, Ll‘iﬁzﬁ’ doi:10.1029/2005
dilferences can be traced to different appnuu.'lu::. L] pﬂrl!y
ISCCP treats as homogeneous. These cover roughly 15% ol we prance am sccouns wor mos o we o
tically thinnest cloads. Instrument simulators cannotl reprodoce these dilferences hecause there 5 no wa
tosynthesiee partly cloody pixels. Nonctheleas, MODIS and ISCCP obscrvations are consistent for all b
the optically thinnest chowds. and models can be robostly evalusted uRing instrument simuolators by i

tegrating over the robuost aubset of observations.

Received 8 April 2003, revised 10 June 2005, sccepted 6 July 2005: published 30 July 2005,

Aerosol invigoration and restructuring of Atlantic convective clouds

llan Koren,"? Yoram J. Kaufman,'! Daniel Rosenfeld,® Lomaine A. Remer,'

Relationship between aerosol and cloud fraction over Australia

Tennifer D. Small,! Jonathan H. Jiang,! Hui Su,' and Chengxing Zhai'
Received 30 August 2011; revised 20 October 2011; accepted 26 October 2011; published 2 December 2011,

[1] We study the relationships between aerosols, clouds, and
large scale dynamics over a north coastal Australia (NCA)
region and a southeast Australia (SEA) region during the
period 2002-2009 to evaluate the applicability of the aerosol
microphysics-radiation-effect (MRE) theory proposed by
Koren et al. (2008) in a low aerosol environment. We use
aerosol optical depth (7,,), fire counts, and cloud fraction ( f)
from Aqua-MODIS, and NCEP Reanalysis vertical velocities
at 500 mb (wspg) as a proxy for dynamic regime. In the NCA
we find a monotonic increase f. (35%, absolute f) as a
function of increasing 7. In the SEA, we find that . initially
increases by 25% with increasing 7, followed by a slow
systematic decrease (~18%) with higher 7,. We show that
the MRE theory proposed by Koren et al. (2008) adequately
represents the variation of f. with +, in both the NCA and
SEA. By conditionally sorting data by wse We investigate
the role dynamics plays in controlling the 7,-f. relationship
and the rate at which f changes with 7,. We find that the
MRE theory can be used to empirically fit both —wse and
+utspy observations. By analyzing meteorological parameters
from the NCEP Reanalysis, we find that variations in local
meteorology are not likely the cause of the observed
relationships of 7, and f. during biomass burning seasons.
However, additional factors such as aerosol type and cloud
type may play a role. Citation: Small, J. D., J. H. Jiang, H. Su,
and C. Zhai (2011), Relationship between aerosol and cloud fraction
over Australia, Geophys. Res. Les, 38 L23802, doi:l10.1029/
2011GLO49404,

increased aerosol results in higher cloud drop concentration,
increased liquid water paths, cloud fraction, and higher albedo
and thus longer cloud lifetime, has come under scrutiny in
recent vears. Local meteorology and dynamics are theorized to
play several roles in modifying aerosol effects on clouds and
precipitation via various pathways, including available pre-
cipitable water, relative humidity, and updraft velocities [Loeb
and Schuster, 2008; Dey et al., 2011]. Yuan et al. [2008] found
that available water vapor explained 70% of the variance in the
slope of the correlation found between drop effective radii and
aerosol optical depth in their coastal study regions, while
Feingold et al. [2001] found it had limited effect on their study
of biomass burning aerosols in Brazil. Ten Hoeve et al. [2011]
found that background column water vapor likely exerts a
strong effect on cloud properties. High relative humidity (RH)
at cloud base has been associated with positive correlations
between cloud fractions and aerosol optical depth [Loeb and
Schuster, 2008]. Changes in the local dynamics can also
modify cloud microphysics and how the cloud system
responds to aerosols. To prevent contamination by meteoro-
logical factors previous studies employ various techniques
intended to cancel out or limit their effects such as spatial and
temporal averaging or specific sorting and filtering criteria
[Kaufinan and Nakajima, 1993; Loeb and Schuster, 2008;
Huang et al., 2009; Grandey and Stier, 2010]. Recently,
Koren et al. [2008] put forth a theory that predicts both an
increase and decrease in j. with 7,. We refer to this theory here
as the combined microphysical-radiative effect, or MRE. For
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Water Vapor

e During the daytime, a near-infrared algorithm is applied over clear land areas
of the globe and above clouds over both land and ocean. Over clear ocean
areas, water-vapor estimates are provided over the extended glint area.

Atmospheric Profile

e Total-ozone burden, atmospheric stability, temperature and moisture profiles,
and atmospheric water vapor. All of these parameters are produced day and
night for Level 2 at 5x5 1-km pixel resolution when at least g FOVs are cloud
free.

Cloud Mask

 Indicates whether a given instrument field of view (FOV) of the Earth's surface
is unobstructed by clouds or affected by cloud shadows.

Joint Atmosphere

e The post-launch Joint Atmosphere Product contains a spectrum of key
parameters gleaned from the complete set of standard at-launch Level
2 products stored at 5-km and 10-km



https://modis-land.gsfc.nasa.gov/#
Land Products

— —MODIS Land Products—

Surface Reflectance — Atmospheric Correction
Surface Reflectance BRDF/Albedo Parameter
Burned Area

Thermal Anomalies/Fire

Leaf Area Index - FPAR
Vegetation Cover Conversion, Continuous Fields

Snow and Sea Ice cover

Product Name Combined Terra & Aqua Product ID
Burned Area Monthly L3 Global 500m (MCD&4) MCDE4A1
Burned Area Monthly L3 Global 500m (MCD45) MCD454A1
Product Name Terra Product ID Aqua Product ID
Thermal Anomalies/Fire Daily L3 Global 1km MOD14A41 MYD14A1
Thermal Anomalies/Fire 8-Day L3 Global 1km MOD1442 MYD14A2

Thermal Anomalies/Fire 5-Min L2 Swath 1km MOoC14 MY 14
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Global products of vegetation leaf area and fraction absorbed PAR
from year one of MODIS data

R.B. Myneni**, S. Hoffman®, Y. K
Y. Wang®, X. Song®, Y. Zhang®, G.R
P. Votava®, R.I

‘Drpwmnl af Cezenrrogehy, Boxton it

“iaxpheric Sciences Branch, NASA
“School of Forestry, {
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Relatmnsh]p between MODIS ﬁre hot spot count and burned area
in a degraded tropical peat swamp forest in Central Kalimantan,
Indonesia

¥ Toneaw ! T Mactan | A Waenila | € T Damal and 0 1T Dacadag Herndndez!

Global Eshmatmn uf burﬂed area using MODIS active fire

observations

L. Giglio!, G. R. van der Werf®, J. T. Randerson®, G. J. Collatz*, and P. Kasibhatla®

5cience Systems and Applications, Inc., NASA Goddard Space Flight Center, Greenbelt, Maryland, USA
’Department of Hydrology and Geo-Environmental Sciences, Vrije Universiteit, Amsterdam_ The Netherlands
3]:.‘l'ne:]:r.'a.r':‘::ﬂne;nt of Earth System Science, Untversity of California, Irvine, California, TUSA

#NASA Goddard Space Flight Center, Greenbelt, Maryland, USA

SNichela: School of the Environment and Earth Sciences, Duke University, Dutham North Caroling, TUSA

Received: 2 September 2005 — Published in Atmos. Chem. Phys. Dizcuss.: 1 November 2005
Revised: 13 Janvary 2006 — Accepted: 6 February 2006 — Published: 28 March 2006

Abstract. We present a method for estimating monthly
burned area globally at 1° spatial resolotion vsing Terra
MODIS data and ancillary vegetation cover information. Us-
ing regression trees constructed for 14 different global re-
gions, MODIS active fire observations were calibrated to
burned area estimates derived from 500-m MODIS imagery
based on thE assu.mptmn th&t bume-l:l area is proportional

annual burned area for the yvears 20012004 to vary between
2.97 million and 3.74 million km?®, with the maximum occur-
ring in 2001. These coarse-resolution burned area estimates
may serve as a usefol interim product until long-term burmned
area data sets from multiple sensors and retrieval approaches
become available.
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ODIS Ocean Products

Ocean Products - (for both Terra and Aqua)
e Ocean Color
e Sea Surface Temperature
e Chlorophyll Concentration (two algorithms)
e Absorption due to gelbstoff, detrital material and phytoplankton
e (Calcite Concentration
e Diffuse attenuation
e Flourescence Line Height
e Instantaneous Photosynthetically Available Radiation
e Particulate Organic Carbon
e Particulate backscattering
e Reflectance (at a bunch of wavelengths)
e Total Absorption
e Total Backscattering (at a bunch of wavelengths)
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SST Data Improve Modeling of

North American

PAGES 457,462

The North American Monsoon System (NAM
is the large-scale atmospheric circulation th
resulls from complex ocean-atmosphere-lal
interactions. It strongly modulates the summ
weather/climate over Mexica and the south
western United States, From June 1o Septemb
NAMS precipitation provides much-needed
water for the semi-arid region, and is also th

Monsoon Rainfall

cean
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Forecasting Fire Season Severity in
South America Using Sea Surface
Temperature Anomalies

Yang Chen,"‘ James T. Ram:lﬂsnn,"" Douglas C. Mm’tﬂn,z Ruth 5. IIIE:-FrR'_'...3 G. James (nnllaiz,z
Prasad S. Kasibhatla,* Louis Giglio,* Yufang Jin,* Miriam E. Marlier®

Fires in South America cause forest degradation and contribute to carbon emissions associated
with land use change. We investigated the relationship between year-to-year changes in fire
activity in South America and sea surface temperatures. We found that the Oceanic Nino Index
was correlated with interannual fire activity in the eastern Amazon, whereas the Atlantic
Multidecadal Oscillation index was more closely linked with fires in the southern and southwestern
Amazon. Combining these two climate indices, we developed an empirical model to forecast
regional fire season severity with lead times of 3 to 5 months. Our approach may contribute to
the development of an early warning system for anticipating the vulnerability of Amazon forests
to fires, thus enabling more effective management with benefits for climate and air quality.

cforestation and forest degradation in
South America contribute to anthropo-
genic carbon emissions and regional and
global climate change (1 4). Fire is the dominant
method for converting forest to cropland or pas-
ture (3, 6), and fires account for approximaiely
half of the carbon emissions from deforestation
and forest degradation in South America (2). Al-

though deforestation rates in the Brazilian Am-
azon have declined over the past 5 years (7),
trends in fires and bumed area have not declined
by the same amount, possibly because continued
use of fire after deforestation maintains the risk of
agricultural fires escaping into adjacent forests
(5, 8). Notably, extensive buming in the Brazilian
stales of Mato Grosso and Para during 2007 led

Research Ex:

El Nino Southern Oscillation and
vegetation dynamics as predictors of
dengue fever cases in Costa Rica

A Trmnr and J C Beier™*

! Department of Geography and Regional Studies, University of Miami, Coral Gables,

to the highest fire emissions of any year during
the period 19972009 (9), highlighting the need
to target forest degradation in addition to de-
forestation for sustained reductions in land use
emissions from the region.

Projected decreases in Amazon rainfall dur-
ing the 21st century (f0, /1) may increase the risk
of forest fires (12), with the potential for larger
carbon losses (/3) and a positive feedback to chi-
mate change (/4). Hence, the success of future
climate mitigation and adaptation strategies will
depend i part on more effective ways to manage
fires. Advance information about the likelihood
of fires in the dry season allows time to explore
and implement management options such as al-
location of firclighting resources or targeted bum-
ing restrictions.

'Department of Earth System Science, University of California,
Irvine, CA 92697, USA. NASA Goddard Space Flight Center,
Bigspheric Sciences Branch, Greenbelt, MD 20771, USA, IDe-
partment of Ecology, Fvolution, and Environmental Biology,
Columbia University, New York, NY 10027, USA. *Nicholas
School of the Environment, Duke University, Durham, NC 27708,
USA. “Department of Geography, University of Manyland, Col-
lege Park, MD 20742, USA. “Department of Earth and En-
vironmental Scences, Columbia Umiversity, New York, NY
10027, UsA.

*To whom correspondence should be addressed. E-mail:
yang.chen@uci.edu
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loudSat Cloud Pro#ling adar

Temporal Coverage:

e June 2006 - Present
e Swath data made up of Granules
e Granules are 1 full orbit or 40, 022 km

Spatial Coverage:
e 125 vertical bins with approximately 240 m vertical spatial resolution
e There are 31 Subsets for each granules
e Each granule is made up of profiles

O

2009 Aug 19 (231) | 2B-GEOPROF | Granue 17611 :1|. | 17.25:55 17:22:44 UTC Fleflactnty 40[8 20 CIRA CloudSat DPC

T |

A Y Pl BB T A sl S e g g P
2008 Aug 19 (231) | 2B-CLDCLASS | Granule 17611 Il 17:25:55 17.22:44 UTC



= Cloudsat Cloud Profiling

Quick Looks help you choose a Granule
Good for specific events

Climatologies, when looking at full data set averaged over long
time periods.
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CloudSat measurements of landfalling hurricanes Gustav

and Ike (2008)
Sergey Y. Matrosov'

Received 17 May 2010; revised 17 A.ugm‘t 2010; acceptu.‘:' 24 Auguﬂ 2000; p

Clrrus clnuds and deep cnnvemun in the tropics: Insights

- from CALIPSO and CloudSat

Kenneth Sassen,' Zhien Wang,z and Dong Liv’

Received 20 Febroary 2009; revised 5 June 2009; accepted 30

[1] Using a 2-year data set of combined hida:
Cloud-Aerosol Lidar and Infrared Pathfinder |
CloudSat satellites, the occurrence of tropical ¢
The cloud identification algorithm takes adva
deep precipitating clouds and of the lidar to s
Examined are the frequency of occurrence an
clouds, and their apparent interconnections. T]
in tropical cirrus mainly over land, with sigm
compared to day, but no clear diurnal pattern
daylight signal noise effects do not appear to

| pattern, because high, thin tropopause transitic

| diurnal effect. Stratifying the global results by

- we find that most of the planet’s subvisual (7
and are more frequent at night and over ocem
their highest global frequencies over equatorial
and are also more frequent at night but occur
~3.0) cirrus are spread globally and tend to o«
is unknown which of the several proposed cir
in the tropics, the close association of cirrus v
cirrus are linked to deep convective activity, 1
clouds.

Cloud Vertical Distribution across Warm and Cold Fronts in ClondSai—CALIPSO
Data and a General Circulation Model

CATHERINE M. NauD
i Applied Mathematics, Columbia University, New York, New York

ANTHONY D). DEL (GENIO

' [mxtinute for Space Smdies, New York, New York

Tropical oceanic cloudiness and the incidence of
precipitation: Early results from CloudSat

John M. Haynes' and Graeme L. Stephens'

Received 12 January 2007; revised 16 March 2007; accepted 5 April 2007; published 10 May 2007,

[1] Results of analysis of CloudSat radar data collected
during the first three months of operation are described. Tt is
shown that the global tropical oceans (30N-308)
predominantly favor clouds with tops in two layers
centered at about 2 and 12 km. Precipitating clouds occur
primarily in three modes, a shallow mode that is the most
frequent type, as well as a middle and deep mode. Regional
features are also discussed. The Indian and western Pacific
Oceans exhibit more predominantly high clouds and deeper
precipitation features than the eastern Pacific and Atlantic.
The occurrence of a mid-level mode of cloudiness and
precipitation is shown to vary regionally, being particularky
significant in the western Pacific. For all regions examined,
precipitating clouds are observed to be deeper than non-
precipitating clouds, Over the global tropical oceans, 18% of
the clouds detected by CloudSat produce precipitation,
Citation: Haynes, J. M., and G. L. Stephens. (2007}, Tropical
oceanic cloudiness and the incidence of precipitation: Early results
from CloudSat, Geophys. Res. Left., 34, LO9811, doi:l0.1029/
2007GLO29335.

Aqua satellite and in formation with the French PARASOL
satellite and the EOS Aura satellite. This creates the A-Train
satellite constellation [Stephens ef al., 2002]. In this note we
report early results from the analysis of the first three months
(June—July—August, JJA) of the Level 2B Geometrical
Profiling product of CloudSat (hereafter 2B-GEOPROF).
A simple method to identify precipitation is also introduced
and is applied to the 2B-GEOPROF data to provide novel,
global-in-scale information about tropical cloudiness and its
related precipitation.

2. The CloudSat 2B-GEOPROF Data

[4] The CloudSat data products [Stephens et al., 2002]
are available at the CloudSat data processing center (http://
cloudsat.cira.colostate.edu). Two important products cur-
rently available are the 1B-CPR product which contains
the calibrated raw power profiles measured by the CPR, and
the 2B-GEOPROF product now briefly described [see also
Mace et al, 2007]. The 2B-GEOPROF product contains
two main types of information. The first is the cloud mask



* Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observation
combines an active lidar instrument with passive infrared and visible
imagers to probe the vertical structure and properties of thin clouds and
aerosols over the globe.

Data Product

Height, Thickness

Optical depth, T

Backscatter, Balz)

Extinction, og

Height

Thickness

Optical depth, T
Backscatter, Bz}
Extinction, og
lcefwater phase

Ice cloud emissivity, £

lce particle size

Table 1. CALIPSO Level 2 Aerosol and Cloud Measurements

Measurement Capabilities
and Uncertainties

Aerosols

Forlayers with p=25x 10% km! sr1

40% *

20-30%

40% *

Clouds

For layers with = 1x 102 km 1 sr?

Forlayerswitht=5

within afactorof 2for7=58

20-30%

within afactorof2for7=5

Layer by layer
+0.03
+50% fore= 02

Horizontal

5 km
5 km

40 km
40 km

40 km
40 km

143, 1, 5 km
143, 1, 5 km
5km
5 km
5km
5km
1km
1km

Mote: * assumes 30% uncertainty in the aerosol extinction-to-backscatter lidar ratio, S,.

Data Product Resolution

Vertical

B0 m
A

Z=20km120 m
Z=20km:; 360 m

Z=20km120 m
Z=20km: 360 m

30,60 m
50m
A

B0 m

60 m
50m
MiA

MNEA




532 nm Total Attenuated Backscatter, km” sr'  UTC: 2017-08-27 08:52:51.6 to 2017-08-27 09:06:20.3 Version: 3.40 Standard Daytime
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* Temporal Coverage:

.0x10-1
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Altitude, km
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Vertical Feature Mask UTC: 2017-08-27 08:52:51.6 to 2017-08-27 09:06:20.3 Version: 3.40 Standard Daytime

e Swath data made up of Profiles and Layer Data
* Spatial Coverage:

Altitude, km

e Global (-9o0 x 9o and -180 x180)
e Spatial Resolution - 5 km

Lat 17.26 23.32 29.41 35.48 a1 55 47.56 53.55 59.48 65.31
Lon 70.28 68.87 67.36 65.70 63.8! 61.70 59.11 55.81 51.29

1=clearair 2=cloud 3 =aerosol 4 = stratospheric layer 5= !Ilr'll:e 6 = subsurface 7= totally attenuated L = low/no confidence

Home » Data Descriptions » Clouds » CALIPSO

CALIPSO IR L1 V2-00 Release Announcement
CALIPSO Standard/Expedited Processing Suspended

CALIPSO Data and Information Wl ﬂ

Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations (CALIPSO) was launched on April 28, 2006 to study the roles of clouds and L CALIPSO
aerosols of climate and weather. It flies in the international "A-Train" constellation for coincident Earth observations. The CALIPSO satellite

comprises three instruments, the Cloud-Aerosol Lidar with Orthogonal Polarization (CALIOP Lidar), the Imaging Infrared Radiometer (lIR), and the Wide Field Camera
(WEC). CALIPSO is a partnership between NASA and the French Space Agency, CNES.

Level 1B Level 1.5 Level 2 Level 3 Expedited Data Read Software Documentation

Instrument Data Products

s Aerosol Profiles and Layers
« Cloud Profiles and Layers
CALIOP Lidar » Merged Aerosol and Cloud Layers
Vertical Feature Mask
« Polar Stratospheric Cloud

IR along CALIOP Lidar Track

Imaging Infrared Radiometer (lIR) IR Full Swath



* There are a maximum of 4 scaled
images per granule.

~ 2017-08-27 Version: 3.40 Standard Red is Daytime, Blue is Nighttime
0 . . ] R . . : :

60 | /%

* The orbit tracks plotted on the
maps show the measurement
locations for each granule.

30/

* For each granule, the scaled
images are ordered from left to
right and their locations along
the orbit tracks are color coded
as: image one, image two, image
three, image four.

Begin End Number Profiles
2017708727 08:25:52,4820 UIC  2017/08/27 09:18:17.1564 UTCA3405
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Patterns of North African dust transport over the Atlantic: winter
vs. summer, based on CALIPSO first year data

Y. Ben-Ami, I. Koren, and O. Altaratz

CALIPSO lidar observations of the optical properties of Saharan dust:

Department of Environmental Sciences and Energy Research, Weizmann Institute of & A case study of long-range transport

Received: 20 April 2009 — Published in Atmos. Chem. Phys. Discuss.: 15 June 2008 Zhaoyan Lin," Ali Omar,® Mark Vaughan,? Johnathan Hair,” Chicko Kittaka *
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- Wildfire smoke injection heights: Two perspectives from space
. Ralph A, Kahn,'? Yang Chen,' David L. Nelson,® Fok-Yan Leung,’ Qinbin Li,’

- David J. Diner,' and Jennifer A. Logan”

Received 27 September 2007; revised 3 December 2007; accepted 15 January I8, published 17 Februnry 2008,

" [1] The elevation at which wildfire smoke is injected into
. the atmosphere has a strong influence on how the smoke is
- dispersed, and is a key inpul to aerosol transport models.
. Agrosol layer height is derived with great precision from
- space-borne lidar, but horizontal sampling is very poor on a
- global basis. Aerosol height derived from space-bome
" stereo imaging is limited to source plumes having
* discernable features. Bui coverage is vastly greater, and
. captures the cores of major fires, where buoyancy can be
_ sufficient to lift smoke above the near-surface boundary
layer. Initial assessment of smoke injection from the Alaska-
Yukon region during summer 2004 finds at least about 1096
of wildfire smoke plumes reached the free troposphere.
Modeling of smoke environmental impacts can benefit from
the combined strenpths of the stereo and lidar observations.
Citation: Kehn B A Y. Chen, D, L. Nelson, F-Y. Leung,
(2 Li, Dv J. Diner, and J. A. Logan (2008), Wildfire smoke
Lett, 35, LOMS09, doi:10.1029/2007CGLO32165.

[3] An independent investigation of smoke aerosol
height, performed using data from the Cloud-Aerosol Lidar
with Orthogonal Polarization (CALIOP) that flies aboard
the joint US (NASA) and French (Centre National d'Etudes
Spatiales/CNES) CALIPSO satellite, found that wildfire
smoke remains in the boundary layer. It did not observe
smoke aloft in a sampling of the CALIPSO global
record, excepl in rare cases far from sources, afier other
atmospheric processes have had time to lift the smoke to
higher elevations [Labonne ef al, 2007].

[4] The combination of MISR and CALIOP sampling
and sensitivity differences may account for these seemingly
disparate, qualitative conclusions about the frequency with
which smoke is injected above the ABL. CALIOP is part of
the A-Train constellation, having a dayside equator crossing
at about 1:30 PM local time, and a feld-of-view, before
averaging, of 100 m [Winker et al, 2004]. The MISR
dayside equator crossing is af about 10:30 AM local time
{about an hour later, local time, over most longitudes of
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e https://eospso.gsfc.nasa.gov/missions/total-ozone-mapping-

spectrometer-earth-probe

* Total Ozone Mapping Spectrometer - Two different satellites

* Temporal Coverage:
e DAILY Data
e Nimbus 7 (N7) - December 1978 to May 1993
e Earth Probe (EP) - July 1996 to June 2006

* Spatial Coverage (note products are at a lower resolution):
e N7 - The ground resolution is 47 km x 47 km at nadir and 62 x 62 km overall
e EP - Nadir - 50 km x 50 km; average: 62 km x 62 km
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Important data set for studying
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Usetul for calculating
climatologies of aerosol
(specifically absorbing aerosol
like smoke and dust).

Aerosol from Mt. Pinatubo in 1991

OMl Aerosal Index
23, 2008

Useful for evaluating historical
events involving aerosol such as
volcanic eruptions, large dust
storms and biomass burning.

25 30
Aaragol Index




Satellite Detection of Smoke Aerosols Over A Snow/Ice
Surface By TOMS

N. C. Hsu', I. R. Herman®. J. F. Gleason’, 0 Desert aerosol transport in the Mediterranean region as inferred from

Abstract. A rccently develoned techmioue of nsine

UV radiance measurements b
aerosols 1% found to be effecty
method takes advantage of the
in the backscattered radiance d
aerosols over snowlice surfac
distributon derived from Tota
(TOMS) data is shown for @
smoke generated by Canadian
Greenland. During this event
reflectvity over the snow/ice s
S0-100% down to 30-40%.
smoke events over snow/ice |
interannual variability in th
observed over Greenland.

the TOMS aerosol index

Global distribution of UV- ahwﬂ}j.ng aerosols Enml
Mimbus 7/TOMS data

J. B Herman wnd . K. Bhartia

Lahembory Far Armpspheres, Cinddard Space Fhign Center, Lirsenhelr, Marylasd

€0, Turres, C. Hsu, and C. Sellor
Hughes STR Carpermtioe, Cresnhen, Sanylim

E, Celarier
Salvwroe Cecpomation of Sekren, Linbin, 3Maogdii

Abatract.  Global distributions of UY-absorbing acrosols are obtained wsing messored
dilfefences. between the 340 and the 380 nm radiances from the Nimbus 7 Tolal Cuaome
Mapping Spectrometer (TOS) for the years 19791903, Time serics are shown for mejor
somrces of inmass burmng and desert dust giving, the frequency of oocwrmense and aneal
coveraps over land and oveans, binor sources of LY -gbsorhmg aerosols in the
atmosphcre are alo discussed (woleanic ash and oil fircs). Relative waloes of pear-to-year
l'fl.l'lill:iili'l.}' ul I._."vr-.uhmwhjlls werosol amenants are shosn [or g Al aannoe n%iu-h:
(1} central South America (Brazml) near 1078 letitude; (2] Africa near (P-20°5 end 07 o
A0*N latitude; (3) Saharsn Desert and sub-Saharan region (Sahel), Arshian Fesinsaks, snd
the ourthern burder repion of India: (4) spmcoltural buming in Indowesia, Exstern Chine,
and Indochina, and near the mouth of the Amaron River: and (5) ooel buniag and dust
in mortheastern China, The first Three of (bese regivas dominaie the imection of U
absarbing acrosols into the atmosphere cach year end cover areas far ouside of their
sonre reginns frory advecton of D -absorving Fmr'lil,‘:uhu.:i. by aatrmorsphicric wimd sysioms.
During the peuk months, smoke and dust from these sources are transpomed at altitedes
ahere 1 ki with an optical depth of at least 000 and can oover about 10% of the Eath's
surhave, Boundary liver absoriing serosols are not readily scen by TOMS becrse Lbe
small amaount of underlying Rayleigh scartering leads 10 8 small signsl. Significant portions
uff the obwerved dust origimale Irom agrico sl regions reguently waithm anid aress, such
s in the Sahel region of Africa, especially from the dry lake-bed pear Lake Chad (135N,
TAEY, and intermitlendly dry dramage areas amd sirecames In addibiom Gy drought code
eitects, this suggests thers mey be ao anthropopenic component 0 the ameunt of dwst
injecred ing the somcspheres cach wear, Deteetion of sbsorhing acrosols and calcalatson of
uplicisl deplhs are oHecked by the presence of larpe-scabe and swbpixe] clowds in the
TOMS field of view.

" E. Ganor

ad and Beverly Sackler Faculty of Exact Sciemoes, Tel Aviy

12 April 2002; published & November 2002.

sert dust aerosols with local maxima of the
r the long period. Being simpler than the
r method gives the same results. It was first
from the sources located at latitude ~16°N
3N and longitude ~6"W exceed the sinks
tmosphere over North Africa 1s almost

of mineral desert dust in spring and in
source located around latitude 16°N and
maximum activity around April. The region
15 as a more variable source with maximum
cyclones, mobilize the already suspended
thward along the Mediterranean basin. A
opagation was applied to the study of dust
us to follow their dynamics. Identifiable
of the sea and then move eastward with a
ng, this motion continues at least up to the
r the dustplume is prevented from

EX TERMS: 0305 Atmospheric Composition and
mospheric Compaosition and Structure: Constifuent
Chermical: Aerosols (0305); KEYWORDS: Aerosols,



OMIl Asrosal Index
on June 23, 2008
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e https://aura.gsfc.nasa.gov/omi.html
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* Ozone Monitoring Instrument

e Distinguishes between aerosol types, such as smoke, dust, and sulfates, and
measures cloud pressure and coverage, which provides data to derive
tropospheric ozone.

e OMI continues the TOMS record for total ozone and other atmospheric
parameters related to ozone chemistry and climate. OMI measurements are
highly synergistic with the other instruments on the Aura platform.

* Measures atmospheric constituents including O,, NO,, SO,, and aerosols such
as dust, smoke and ash (especially absorbing aerosols), BrO, formaldehyde,
and OCIO (for chemistry in the stratosphere and troposphere).



* Temporal Coverage:

-

[OMI/Aura] Absorbing Aerosol Index (AAI) July 2017

Swaths (fraction of day)
Daily Data
October 2004 - Present

* Spatial Coverage (note products are various resolutions):

Varies based on format (Level 2 swath vs. Level 3 map)

OMi/Aura Multi-wavelength Aerosol Optical AURA OMI 1 hour 13 Km ¥ 24 km 2 2004-10-01 2017-08-31
Depth and Single Scattering Albedo 1-orbit L2
Swath 13x24 km V003 (OMAERO.003) -

OMIfAura Mult-wavelength Aerosol Opical AURA OMI 1 day 025°%x025° 3 2004-10-01 2017-08-31
Depth and Single Scattering Albedo L3 1 day
Best Pixel in 0.25 degree x 0.25 degree V3
(OMAEROe 003} - Aerosols
4
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An aerosol boomerang: Rapid around-the-world transport of smoke
from the December 2006 Australian forest fires observed from space

Ruud J. Dirkaen K. FnEI.:m't Enr:rgma.. Jos de La.al, Piat Eiaulmns

G L. 5o . Wt b Val M, s Flowzi St llphm dioxide as a volcanic ash proxy during the April-May 2010

Heoamed 29 Apell 2008, revised 11 June 25, sccapied 21 July 2008 pahii
[1] We inweatngate rapid around-the-world wansport of a

imtense forest fires in southeastern Auvstralis in Decemby
December 2006, southeastern Australia suifered from s
high temperatures. On 14 December 2006, & passing co

the imtense heat from the fires causing pyro-convectiva

acraaol particles into the jet stream. We track the resulti
Absorhing Index (AAD observations from the Ozone M

Dl W T~ N1

eruption of Eyjafjallajokull Volcano, Iceland

H.E. Thomas! and A. J. Prata®

1Department of Geological Engineering and Sciences, Michigan Technological University, Houghton, MI, USA

Nordic Institute for Air Research (NILU), Kjeller, Norway
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OMI and MODIS observations of the anomalous 2008-2009
Southern Hemisphere biomass burning seasons

O. Torres', Z. Chen!, H. Jethva', C. Ahn, 8. R. Freitas’, and P. K. Bhartia®

'Dept. of Atmospheric and Planetary Sciences, Hampton University, Hampton, Virginia, USA
25cience Systems and Applications Inc., Lanham_Maryland, USA

3Center for Weather Forecasting and Cl.u:nate Studies, INPE, Cachoeira Paulista, Brazil
4NASA Goddard Space Flight Center, Greenbelt, Maryland, USA

Beceived: 4 June 2009 — Published in Atmos. Chem. Phys. Discuss.:

13 October 2009

Bevised: 17 March 2010 — Accepted: 18 March 2010 — Publizshed: 16 April 2010

Abstract. Significant inter-annual variability of biomass
burning was observed in South America over the 20072009
period. The 2007 number of fires detected from space in
South America, as well as the magnitude of the atmospheric
aerosol load resulting from fire actovity, was the largest over
the last ten years. The huoge 2007 increase in fire activity
was followed by large reductions in the 2008 and 2009 burn-

T rrmrn Arncs af #ha cbenanabacia Taad ~F Ane

most intense biomass burning season in the last ten years, the
2008 fire season was surprisingly weak The combined anal-
vsis of satellite data on atmospheric aerosol load, fire counts
and precipitation strongly suggests that the cbserved 2008
decline it aeroszol load and fire activity in South America
was heavily influenced by conditions other than metecrolog-
ical factors.

monitering both species concurrently.

Beceived: 18 February 2011 — Published in Atmos. Chem. Phys. Discuss.: 7 March 2011
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ruption having a considerable impact upon aviation in
pe. The closure of the majority of European airspace
17-19 April alone led to an estimated loss of $1.7 bil-
o the aviation industry (TATA, 2010). One of the most
ficant consequences of the eruption was the change in
:safety policy from zero tolerance to the introduction of
oncentration thresholds (CAA 2010). The International
Aviation Organization {ICAO) have now defined areas
w (<2x107° gm ™), medivm (2-4x 107> gm ™) and
(=4x107 gm™) ash concentration to determine
e flight 1z allowable (low), allowable vnder certain
fic conditions (medivm) or prohibited (high) (ICAO,
)
least 94 confirmed incidents were reported from 1953—
{Goffanti et al., 2010), where the most serious have
narrowly avoided catastrophe due to engine flame outs.
the current rapid rate of air traffic growth (ESCAP,
) there iz the potential for many more such incidents and
the responsibility of the Volcanic Ash Advisory Cen-
VAAC:) to provide adviscries to the aviation industry
gh the effective modelling and monitoring of eruption
ls. Throughout the Evjafjallajdlull eruption, the Lon-

don VAAC at the UK Met Office was responsible for produc-
ing model predictions for the location of the ash clowd. Fol-



Rain Rate & Latent Heating for Hurricane Bonnie
Derive:

d from TRMM-PR
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e https://pmm.nasa.gov/precipitation-measurement-missions

* The Tropical Rainfall Measuring Mission (TRMM)
e Turned off on April 8. The spacecraft re-entered the Earth’s

atmosphere on June 15, 2015, at 11:55 p.m. EDT, over the South Indian
Ocean

Good for investigating historical events (from 1997-2015)

Had 5 instruments

Precipitation Radar (PR)

TRMM Microwave Imager (TMI)

Visible Infrared Scanner (VIRS)

Lightning Images Sensor (LIS)

Cloud’s and Earth’s Radiant Energy System (CERES)

'IMIIII!.\\




A Variety of Data Products are Available

Some products at 0.5 by 0.5 degrees (map)
Some products - vertical structure

3B42 Real Time Derived Daily Product and 10-Day Product

3B42 Research Version and Derived Daily Product

3B41 Real Time Rain rate estimated from geosynchronous infrared instruments
3B40 Real Time Rain rate estimated from passive microwave radiometers

3B43 Multi-satellite Precipitation
3A46 SSM/1 Rain

3B31 Combined Rainfall

3A25 Surface Rain Total

3A25 Spaceborne Radar Rainfall

3A12 Mean 2A12, profile and surface Rainfall

3A11 Oceanic Rainfall

0 10 20 30 40 0 5 2
Radar Reflectivity (dBZ) 15dBZ Isosurface Height (km)




Laboratory for Atmospheres, NASd Goddard Spoce Flight Center

Other Satellite and Rain Gauge Information
R.oBERT E ADLER

RMM Research Examples

Tropical Rainfall Distributions Determined Using TRMM Combined with

Mechanisms for Diurnal Variability of Global Tropical Rainfall Observed from TRMM

GeorcE J. HuFFnaw AvD Davip T. Bo SonG YANG
Laboratory for Atmospheres, NASd Godderd Space Fligh Schowl of Compatational Sciences, Georpe Mavon Universaty, Farfax, Virginig
Science Svstenys ad Applicarions, Tec., Greenbealt, 1
Fwur A Swrri

Environment

WiesLey Bere, Tristan L'Ecuyir, anp Chrisnian KuMmmerow
Depariment of Atmospheric Science, Colorado State University, Fort Collins, Colorado

{Manuscripl received 3 January 2005, in final form 2% June 2005)

ABSTRACT

Intercomparisons of satellite rainfall products have historically focused on the issue of global mean hiases.
Regional and temporal vaniations in these biases, however, are equally important for many climate appli-
cations. This has led to a critical examination of rainfall estimates from the Tropical Rainfall Measuring
Mission (TRMM) Microwave Imager (TMI) and precipitation radar (PR). Because of the time-dependent
nature of these biases, it i not possible (o apply corrections based on regionally defined characteristics,
Instead, this paper seeks to relate PR-TMI differences to physical variables that can lead to a better
understanding of the mechanisms responsible for the observed differences. To simplify the analysis, issues
related to differences in rainfall detection and intensity are investigated scparately. For clouds identified as
raining by both sensors, differences in rainfall intensity are found to be highly correlated with column water
vapor. Adjusting either TMI or PR rain rales based on this simple relationship, which is relatively invariant
over hoth seasonal and interannual time scales, results in a 65%—75% reduction in the rms difference
between seasonally averaged climate rainfall estimates. Differences in rainfall detection are most prominent
along the midlatitude storm tracks, where widespread, solated convection trailing frontal systems is oflen
detected only by the higher-resolution PR. Conversely, over the East China Sea clouds below the ~18-dBZ
PR rainfall detection threshold are frequently identified as raining by the TMI. Calculations based on in situ
aerosol data collected south of Japan support a hypothesis that high concentrations of sulfate acrosols may
contribute to abnormally high liquid water contents within nonprecipitating clouds in this region.

Rainfall Climate Regimes: The Relationship of Regional TRMM Rainfall Biases to the Meviond
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Monthly Mean GPCP Rain Rate, Jan 1979 - Dec 2006
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e https://precip.gsfc.nasa.gov/ or http://gpcp.umd.edu

* Global Precipitation Climatology Project (V2.3)

e Global Precipitation Climatology Project monthly precipitation dataset from
1979-present combines observations and satellite precipitation data into
2.5°x2.5° global grids.

* Temporal Coverage:
e Monthly values 1979/01 through Jun 2017 (some months are interim).
e Long term monthly means, derived from years 1981 - 2010.

* Spatial Coverage:
e 2.5degree latitude x 2.5 degree longitude global grid (144x72)
e 88.75N - 88.75S, 1.25E - 358.75E



GPCP ICDR Precipitation Jul 2017, mm day ™’ . GPCP ICDR

Precipitation Anomaly Jul 2017, mm day ™"
I ' T LR L i (] 1

» The GPCP has been in existence for over twenty years as part of the Global
Energy and Water Cycle Exchanges (GEWEX) effort under the World
Climate Research Program (WCRP).

* The overall goal of GPCP is to provide the research and applications
communities with high quality global analyses of precipitation at monthly
and shorter time scales for climate analysis based on a combination of
satellite and ground-based data sets.

* The GPCP data sets have been used in over 1500 articles in scientific
journals and have become a standard in the analysis of global precipitation.
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Changes in global monsoon precipitation over the past 56 years
Bin Wang' and Qinghua Ding'

Recerved 29 November 2005, revin
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OSCILLATION

ENSO Modoki impact on the Southern Hemisphere storm track

activity during extended austral winter

Karumuri Ashok,! C.-Y. Tam,'? and W.-J. Lee'
Received 24 April 2009; accepted 2 June 2009; published 27 June 2009.

[1] Impacts of the recently discovered ENSO Modoki
phenomena on extended winter storm track activity in the
Southern Hemisphere are examined using the observed
rainfall, sea surface temperature, and reanalyzed upper air
circulation data for the period 1979-2004. The partial
correlation technique is utilized to distingunish the impact of
ENSO Modoki events from those of the ENSO and Indian
Ocean Dipole (I0OD). El Nifio Modoki events introduce an
anomalous blocking over central eastern Australia, which
suppresses the storm track activity from southwest till
centraleast, reducing the storm-associated rainfall in
southeastern tip and portions of the southeast. On the
other hand, the storm track activity in ceniral Argentina is
enhanced owing to the strengthened upper air westerlies in
this region. The impacts from the ENSO Modoki events are
apparently stronger than the individual impacts from the
ENSO and I0D events. Citation: Ashok, K., C.-Y. Tam, and
W.-J. Lee (2009), ENSO Moedoki impact on the Southern
Hemisphere storm track activity during extended austral winter,
Geaphys. Res. Lett., 36, L127035, doi:10.1029/2009GL0O38B47.

eastern Indian Ocean and western Pacific in the southern
hemisphere (see Figure 1a) [4shok et al., 2007a], with a sub-
branch along a subpolar jet further south. In the core region of
the STJ over the western Pacific, the eddy amplitude
decreases downstream, reaching its minimum over the cen-
tral Pacific; the associated low-level storm track activity,
howewver, is modest. In addition to the other issne that affects
the storm track activity (see NS04), several studies propose
that the ENSO events can influence the SH storm track
activity by changing the strengths and positions of the STJ
and/or the polar frontal jet (PFJ) in response to anomalous
convective activity in the Tropics [Trenberth et al., 1998;
Bhaskaran and Mullan, 2003; Nakamura et al., 2004; Ashok
et al., 2007a]. The anomalous convection associated with
ENSO can influence the STJ via an anomalous divergent
wind [Sardeshmukh and Hoskins, 1985], whereas the PF]
tends to be influenced through stationary Rossby waves
generated in response to anomalous tropical convection
[Kidson et al., 2002]. Ashok et al. [2007a], generalizing the
1997 case study of Naﬁ:amura e ﬂ! [29041 to include all
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