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x How laser and radar altimetry works, and their application:

x How Scatterometry works, and its applications T -
x How ICESat works, and its applications

x What is the Earth observing system (objectives, how they would be achieved)

x All of the instruments on Terra, what their function is, what parts of the spectrum they
operate in.

x How GRACE works, and its applications

x Hyperspectral Remote Sensing

X Spectral signatures, and Spectral Library: How importance

x What is BRDF and why we need to know it

x Relative spatial resolution of various sensors (i.e. which are on the order of a meter, 15-
80 meters, 100-500 meters, one km, tens of km).

x Spectral resolution of various sensors (i.e. multispectral, hyperspectral).



List of Ikeycconegpts

AAerosols B Ga o o : :“ .

¥ M -
: P o L i
| TR e

AComponents of the energy budget (outgoing and incoming 'r'a{iti')' T
AOzone

AAtmospheric temperature profiles

ASnow (area and water equivalent)

ASea ice, Lake ice

ARain

AWinds over the ocean

AHealth and extent of vegetation cover

ASurface temperatures (TIR, PM)

AEarth Deformation and movement of glaciers

ASoil , rock, and mineral



Inteferometric Synthetic Aperture Radar (InSAR

INSARDerived Displacement

\ \ Phase shift of ¥ wavelength
1 (p/2) = difference in travel time
of ~1.4 cm/2

Corresponds to a displacement
of 0.7 cm

Amplitude

INSAR can measure relative
displacements of a few mm
from space
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Most SAR Applications examine the magnitude of backscatter strength.
INSAR examines the phase of the return signal S



Repeat Pass Inteferometric SAR

Pass 1: Before Motion ‘ Pass 2: After Motion

\\ » Phase
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Ground or ice motion




Altimetry

Provides precise elevation o ce by
pulse (lidar or radar) to a surfac s e
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pulses of laser (light) striking the surfaces "
measuring the time of pulse return
I Typically neaR 064nm) or Green $32nm) but others do exist)

A LIDAR acquisition system includes:
I LIDAR sensor
i GPS



ssion to Pl anet Earth (MTP
Science Enterprise (ESE)
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' and hlghly dlversmed Ilfe NASA provides a ur

from space that is the only way to effectlvely o'lo" obal scale
phenomena and to understand local, regional and global
changes I n their | arger context.o

Earth System Science at NASA has three major goals:

1.

Science: Observe, understand and model the Earth
system to learn how it is changing, and the consequences
for life on Earth.

Applications: Expand and accelerate the realization of
economic and societal benefits from Earth science,
Information, and technology.

Technology: Develop and adopt advanced technologies to
enable mission success and serve national priorities.



Earth Observing System (EOS)
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 AThe Earth Oservm System

the centerpiece of NASAS Earth &
Enterprise  (ESE). It is composed of a series of
satellites, a science component, and a data

system supporting a coordinated series of polar
orbiting and low inclination satellites for long -
term global observations of the land surface,
biosphere, solid Earth, atmosphere, and oceans.

The Earth Science Enterprise has three main
components: a series of Earth -observing
satellites, an advanced data system, and teams

of scientists who will study the data.


http://eospso.gsfc.nasa.gov/eos_homepage/description.php
http://earth.nasa.gov/
http://earth.nasa.gov/

Earth Observrng System (EOS)

System (EOS) Program sto e
extent, causes, and regional consequences :
of global climate change
AThe extent (e.g. the change in average
temperature and the time scale over which it will
occur) Is presently unknown
A Causes have a natural component and a human
Induced component
A Both must be understood to determine how to
alter human behavior appropriately to avoid
climate changes that prove most detrimental to
the environment




Earth Observing System (EOS)
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uman induced changes on the global environ

AExpand scientific knowledge

from the vantage points of space, aircraft, and in situ platforms e
ADisseminate information about the earth system

ASupport national and international environmental policy recommendations

Mission objectives
ACreate an integrated scientific observing system that will enable multidisciplinary

study of earth system science

ADevelop a comprehensive data and information system, including a data retrieval and
processing system

AAcquire and assemble a global database emphasizing remote sensing measurements
from space over a decade or more

Almprove predictive models of the earth system



Terra Satellite
Launched December 18 , 1999

MODIS I/ N A B




Terra Instruments:

L_auzn.cheg_ December 18, 1999

ASTER (Advanced Spaceborne The' nal Emis
Reflection Radiometer ) Hi  -resolution, mult|
from 15 mto 90 m resolution, plus stereo

;;;;

| ‘-spectral images
CERES (Clouds and the Earth's Radiant Energy System)
Measures Earthds shortwave, | ongwayve

MISR (Multi -angle Imaging Spectro  -Radiometer) Stereo
images at 9 look angles

MODIS (Moderate -resolution Imaging Spectroradiometer) 1-2
day global coverage in 36 wavelengths from 250 m to 1 km resolution

MOPPIT (Measurements of Pollution in the Troposphere)
Global measures of CH4 & CO

Lecture 16,17



Applications: Atmosphere

The MODIS instrument,
aboard NASAOs Terra satoml

The MODIS sensor, aboard NASE
measures cloud optical thickness over the entire globe

every day. Basically, cloud optical thickness is a measure

of how much sunlight is prevented from traveling down
through a column of atmosphere by clouds. This image
shows a composite for April 2001. Reds indicate high

values while blues and purples show where the air is
relatively clear; no data are available for the region colored
black.

| 1p.5t e25.0 37.5 50.0

Source: NASA



Climate System Energy Balance

Reflected solar Incoming solar Outgoing longwave ‘
radiation radiation radiation 235
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Platforms and sensors for radiation budget
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— A‘1978N|mbus7 carrylng Earth R adiation BL
(ERBE) sensor. The sensor deS|gned to measure direc
Irradiance, reflected shortwave radiation, and emitted
longwave radiation every day.
A[ I dzyOK 2F (0KS /f2dzRa FyR 0K
(CERES) sensor aboard:
I 1997Tropical Rainfall Measuring MISSIGFWM satellite.
i 1999/ 9 w9 { AY aildNHzY S Yeira
i 2002/ 9 w9 { AYauldNMzYS ¥Kqua
i 2011/ 9 w9 { Ay aul NXzYS MNRPa




Aerosols

Aerosols come from natural sources or
produced.

A The effect of aerosols is to cool the surface by
absorbing and reflecting incoming solar radiation.
They also serve as cloud condensation nuclei for
cloud formation, which again helps to cool the
surface




Platforms and sensors for aerosols

| used sensor for measurmg aerosol‘ ical thickne
A 1991 Along Track Scanning Radiometer (ATSR) a
European Remote Sensing Satellite (ERS

A 1995 Advanced Along Track Scanning Radiometer (AATSR),
aboard ERQ

A 1996, Japan launched the first in their series of Advanced Eart
Observation Satellites (ADEOS) satellites, which carried two
aSYaz2NARY O6mM0O GKS t2f I NATFGAZ2
Reflectance$POLDER), and (2) the Ocean Color and
Temperature Scanner (OCTS).

A 1999 Terra satellitethree of its sensors are suitable for studying
the effect of aerosols on climate (CERES, MISR, and MODIS).




Clouds

A/t2dRa FNB LX Sy \ T odzf
atmosphera covering up to75 percentO'o*
given time
A Clouds play a dominant role in determining how much
sunlight reaches the surface, how much sunlight is reflected
back into space, how and where warmth is spread around

the globe, and how much heat escapes from the surface and
atmosphere back into space




Cloud Radiative Forcing Definition
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SWCRF=Rcr-R Zage

— Where R is TOA all-sky reflected SW flux B
— Where Rclr is TOA clear-sky reflected SW flux

LW CRF =Fcir-F
— Where F is TOA LW all-sky, Fclr is clear-sky

Net CRF = SW CRF + LW CRF

— Positive values warm the earth system

= - (SW CRF) / (LW CRF)
— For N > 1, cooling dominates
— ForN=1,Net CRF =0
— N is independent of cloud fractional coverage
— See Cess et al., GRL, Dec 2001




Platforms and sensors for clouds

and surfacebased measuremen‘ts T

A 1999two sensors of Terra satellite:
I The Moderateresolution Imagingpectroradiomete(MODI$
I The Multtangle Imagin@pectroradiomete(MISR)

A 2002Aqgua (MODIS) ar2D06Cloudsatind Calipso



CALIPSO




Atmospheric Temperature structure

Aqua satelllte TR

I 2378spectral channels coverlng IR Spectra' -
band3.74to 15.14 microns to measure
upwelling radiance

ADifferent bands provide return signals from
different levels of the atmosphere

I Four channels in VIS/NIR observe froshto
1.0 microns

Aprovide cloud cover and spatial variability



Absorptlon and Temperature Profiling
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205 K
215 K
220 K
300K

Bl 310K

By measuring upwelling radiances in 2378 spectral channels covering the IR spectral
band, 3.74 to 15.4 um, AIRS provides a 3-dimensional record of atmospheric
temperature. The accuracy is about 1 degree Celsius, and the vertical resolution is
approximately 1 km.



What wavelengths would be used to
detect ozone?
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400 500 600 700
Wavelength (nanometers)

Ultraviolet
TOMS (Total Ozone Mapping Spectrometer ): 313, 318, 331, 340, 360, and 380 nm

Nimbus-7 (Nov. 1978 - May 1993), Meteor-3 (Aug. 1991 - Dec. 1994), Earth Probe
(July 1996 - current), and ADEQOS (Sep. 1996 - June 1997) satellites



Applications :. Cryesphete
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A SeaiceA Ocean/Atmos. Circulation, Climate, Eherg‘ oo
balance, Navigation, etc.

A GlaciersA sea level, water resources

A Ice sheet®y SEA LEVEL, climate

A SnowA Water resources

A Lake and river icéy Flooding, Navigation, Water resources

A PermafrostA Infrastructure




ATMOSPHERE

1000 km

PERMAFROSY

The-Cryosphere

CONTINENT

TRANSITION ZONE

Area (16 km?) | Volume (10 km3) | Volume(Relative)
Ice Sheets 14.8 28.8 600
Ice Shelves 1.4 0.5 10
Sea lce 23.0 0.05 1
Snow 45 0.0025 0.05
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Remote Sensing of Snow and Ice:
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A s twave ibfrared (1.1em-25em) Y Pl
Emitted Thermal Radiation (3.07 14.0€ m)

A miwedve and thermal infrared (3-5&¢ m8-14e¢ m) Y temper ai

emissivity

Amicromw2dwme) (Y dry vs. wet snow, sn
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Active Remote Sensing

A RADAM®RcMm) Y topography, roughness
Non-Imaging Remote Sensing

A Al t i meYt Seq lce ahd lak Sheet Elevation



Reflectance of Clouds and Snow
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Grain Radii

Snow and clouds can be easily differentiated only in the middle-infrared portion
of the spectrum. Snow reflectance is very high in the visible and NIR wavelengths, but

drops to near zero in the water absorption bands.

Most clouds act as non-selective scatterers and reflect significant amounts of
solar irradiance across the 400-2500 nm spectrum. In general, snow reflects more

visible and NIR radiation than ice does.

http://www.cps-amu.org/sf/notes/m1r-1-8.htm

b



Normalized Difference Snow Index (NDSI)

P

One of the problems facing the MODIS snow-mapping algorlthm 5 the mar o ™
snow in regions where it is known not to exist. One of the more common locations
for this problem is in dark, dense forests, particularly in the tropics. The nature of

the snow-mapping algorithm is such that it is particularly sensitive to small changes
in the NDSI or NDVI over dark, dense vegetation.

To correct false-snow mappings in tropical forests,the 11.03e m t her mal |
band (MODIS band 31) was used to estimate the surface temperature. This band
was selected because it represents an atmospheric window, in which little of the
emitted thermal radiation is absorbed by the atmosphere. A tentative threshold of

283 K has been set. When this threshold is applied in tropical regions, e.g., the
Congo, it eliminates from 93% to 98% of the false snow (see Barton et al.,
unpublished).



Passive Microwave Sensing of Surface
_ Emissivity Differences

energy will be transmitted to depth. It therefore not only B
measures velocity of propagating radar energy, but also
its strength.

A Most earth materials have a dielectric constant in the
rangeof 1 to 4 (air= 1, veg= 3,ice= 3.2)

A Dielectric constant of liquid water is 80

A Thus, moisture content affects brightness temperature



Snow Emissivity Example

dry snow

Snow water equivalent 1

il 15E
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(1) Soil ©) Soil

Wet snow is a strong
absorber/emitter



~ Remote Sensing of Snow and Ice:

» 1
AT
b

Altimeter , Lidar

Ice Cloud and Land Elevation Satellite (ICESat) T Sea Ice and Ice
Sheet Elevation Change



A Major Challenge: Ice Thickness
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Earth Science
& Observation Center

Photo source: Fisheries and Oceans Canada



Gravity Recovery and Climate Experiment (GRACE)

Chris Meaney / NASA



The mass changes of the Gulf of Alaska glaciers are computed from the Gravity
Recovery and Climate Experiment (GRACE) inter-satellite rate data from April 2003

through September 2007. Yakutat Icefield represent significant mass loss (Dark blue
area)

http://www.nasa.gov/topics/earth/features/gIacier_tech.htm! e



