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Components of the Earth System that are 
Changing 

Atmosphere 
- Clouds 
- Water Vapor 
- Carbon Dioxide 
- etc. 

' Surface 
- Land Cover 
- Vegetation 
- Coastal and Inland 

- WildFires 
- Snow and Ice 
- etc. 

Water 

I,' 

Remote Sensing 
or 

Remote Measurement 

Remote Sensing: To get an ideas or sense of what is 
present. 
- A 2OU1 century approach. 

Remote Measurement: To quantitative1 y determine 
properties of the Earth's surface and atmosphere 
through the physics, chemistry and biology of the 
interaction of eIectromagnetic energy with matter. 
- Imapinr! Sgectrr,scoln a 2 P  ce~im approach 
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Spectroscopy of the Earth 

Spectroscopy: 
A Reflectance Spectrum ExampIe 

a a  - 

1 

nomum. r.103 /- nomum. r.103 

r- 
0.0 f 

4 



Multi Spectral 20* Century Approach 
The 6 Solar Landsat TM Bands 

1W 19M 2m I S H  

. . 

Multi-spectral Observation 
20* Century Approach 

Three matemis are NOT detected 
.Thee nlinerals are NOT identified based on mnolecular absorpiion dwacteristics 
The espressed concentration of the three minerals IF NOT be derived 
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Spectroscopy 
2 1 st Century Remote Measurement Approach 

1.0 
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Plant Physiology and Carbon-Water-Nutrients are Directly 
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Expressed in the Reflected Solar Spectrum 
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Available Signal and 
Transmittance of the Atmosphere 
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IMAGING SPECTROSCOPY CONCEPT 
Scientific Basis 

DetenWig the conpsition and hlferriiig processes on the Earth 
airface b!- counting photom at the cop of tlie atitlosphere is an 
cliallenpn~ object i1-e. 

- Spectroscop!- pro\-ides a framework based 111 phyics to aclueve this 
reiiiote iixasurement (more t l m  sensing\ obiectiw in the contest of 
the iiiteractioii of photons with itlatter. 

The physics. cheiiustn arid biolog? of spectroscop!- h i e  been 
1-alidated tllroiigli more that ICM !-ears of laboratofi- and astrouomical 
research and applications. (Frautlliofer 18 1 4  

Imaging Spectroscopy Concept 
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AWNS Instrument 

r 

AVIRIS is designed with 200 p n  detectors and FII optics. 
It is hard to iinagine larger detectors or faster optics. 
The AVIRIS d a i p  is in tlw ad\ awed technology zoiie of the physics of 
spectroscopic meafllremnents 

AVIRIS: PEARL HARBOR, HAWAII 

I Radiometric 
0 to Mas Lambe* b n g e  

SampIiig 12 bits 
Accuraq %percent 

Spatial (ER-2 I Twin Otter aircraft) 
Swath 1 V2.2 h~ ER-2mO 
Sampling 20/4 m ER-2/T'O 
A C C U ~  20/4 mER-L/TQ 
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ER-2 Platform 20 km Altitude 
__ _. 

Twin Otter Platform, 4 km AItitude 
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New Capabiiity, 5 to 8 km Altitude 
AVIRIS On Board Proteus 040610 

__.__ 

New Capability 
AVlRTS On Board Proteus 04061 1 
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AVIMS Throughput Increase in 2004 

Land Surface Measurement 
Geology Example 
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Geology ExampIe: 
Imaging Spectroscopy 
Remote Measurement 

. -...- 

Imaging spectrometer 
data det over area of 
Interest 

A W S  
cuprite 
Nevada 
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Mineral Spectra 

2 . 0  2 . 1  2.2 2.3 2 . 4  
WAVELENGTH (Bm) 
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Cuprite, NV 
Measured minerals in 
the 400 to 1500 nm 
spectral region with 
imaging spectroscopy 

Cuprite, NV 
Measured minerals 
in the 1000 to 2500 
nm spectral region 
with imaging 
spectroscopy 
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Atmosphere Measurement 
Water Vapor 
Cirrus Clouds 

Measuring Atmospheric Water Vapor 

-0.00 nm PW 
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Pasadena, CA 
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I. 

Derived Water Vapor at High Elevation 

D 



Water Vapor at A1 Spectra 

AVIMS Water Vapor at Rogers Dry Lake, CA 

I: 
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Image of the Mojave Desert, CA 

Measuring Cirrus Clouds 

im 
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Image of the Mojave Desert, CA at 1380 nm 

Vegetation Measurement 
Vegetation type 

Vegetation Carbon 



Remote Measurement of 
Vegetation with Imaging 

Spectroscopy 

Multi Spectral Remote Sensing of Vegetation 
the 20* Century Approach 

The specti+al signatures are missing. 
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Imaging Spectroscopy is Required for 
Vegetation Type, Water, Carbon, Cover, Light 

use, Chemistry, etc 
0.8 - 

0.7 - 
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8 0.5 - 

2 0.3 - 

0.4 - 

0.2 - 
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MESMA Vegetation Mapping 
Sants Barbara Front Range - 

ZR Adenostma fasciculatum 1 Quemrs apiWia 
I Ceandthus megacarpus Grass Accuracy: 87% 

Arctostaphylos spp. Soil 

MESMA Vegetation Species Map 
Generafed from Oct. 23,1996 AVLRIS 
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Plant Functional Types from Spectral Unmixing 

- 1.. Im 

I 

Desertification in Central Argentina 
C ~ h p a c L s C f d M ~ b y U N E P  

--- I 
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Higherecision Surface Cover Analysis Using VNlR 
r4-e and SWIR (2OOO-2400 nm) Spectra 

Only S WIR Field Data Shown Here 

E 

1.. if - s- * . .  
w 

Tied at 2080nm 

Tied SWIR Spectra 
P 

Desertification in Central Argentina 

W - 
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VNJR-SWIR Spectral Deconvolution 

Landsat I Hyperion 
01 a- vasatabon 
a5. 

Hyperion is accurate AVIRIS Is accurate and precis 

1 Measurements for Terrestriat Vegetation for Carbon 
from Imaging Spectroscopy 

Fractionat Vegetation Cover 
- Gram vegetation (GV) 
- Non-phc4osyoktic \:egetatim (NPV 
- Soil. Water. Soow/ice 

Plant Functional Types 
- ~ f ~ s h l u M ~  - ThicWklaves  
- Bdneedlekaves 
- hiduoudeveqreen 

Disturbance and Response of Vegetation Cover 
- ReooveQkhmge in fi:tiod cover 

4 Canopy Physiology and Functior 

- R W V - / C ~ ~ ~  in acoS>Sta t iUrc t i~n  
- S p t n l  S i p n a t ~ ~  Of VegtAatiOn &RSS and ~ Z U I K I ~ ~  

- Light us(: efficiency 
- Crmop!- liquid water 
- canop!chemlstry 
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Four Mainstream Land Carbon Models 
??%ere are the satellite constmintsf 

I I - I n n - s ~ d p u p . =  - - - 
wa4'rr id- R m M  R- R- - ---- R- R- -- PI- 

Urab.r# Tjp d w- nm- -,-he - ?I- 

Currently a there is large uncertainty in terrestrial vegetation Carbon 
storage and change. Not helped with current satellite measurements. 

Four Mainstream Land Carbon Models 
A k e  w e  the comwrdnfs? 

I I I I I I 

Flora will reduce the current large uncertainty in Carbon storage 
and change in terrestrial vegetation. 
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Remote Measurement of Agricultural Vegetation 
* r *  stress wi” = 

RVSI uses the 
spectroscopy and is 
superior in 
measuring stress. 

Perry et al., 2002 

Shelton NE 

’ 

NASA EOCAP 
program 

Water Vapor at All Spectra 
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AVIRIS Water Vapor at Rogers Dry Lake, CA 

I. - 

- 1 

Image of the Mojave Desert, CA 
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Measuring Cirrus Clouds 

. . . . . - - - . . . . . . . . . . .. . . .  -. . . - - . 

j% 
b. 

1 M  2Ut 

Image of the Mojave Desert, CA 
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Image of the Mojave Desert, CA at 1380 nm 

Wild Fire Measurement 

Fire Properties 
Vegetation Properties 

32 



Autumn 2003 California Fires 

Autumn 2003 California Fires 

c 
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MODIS view 2003 Caiifornia Fires 

AVIRTS view 
2003 California Fires 
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Simi Fire fO31027 
AVIRTS Radiance on topography 

Simi Fire fD3 1027 
AVIRIS Radiance, topography and post fire picture 

I/- -- - 

, .  .I . .. - 
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Hot Spot Radiance Modeled 
with PIanck Function 
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AVIRIS view 
2003 California Fires 
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Simi Valley, California 
Fire Through the Spectrum 

' *  I 

AWNS Hot High Fraction Spectrum 

/- 
i 
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Hot Spot Radiance Modeled 
with Planck Function 
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AVRIS from unburned to burning vegetation 
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AVIRIS Hot High Fraction Spectrum 

AVIRIS Spectra 

Temperature & Area DerivatioI 

ires 
Detailed Fire 
temperature for 
structure and 
research 
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AVIRIS Derived Temperatures 

Temperatures 800 to 1450 K 

c 

4 - #  f 

Detailed structure of fire process 

AVlRZS Derived Fire Fractional Areas 

t 

I. , 

I.. 
I 

Fractional Areas - 1 to13 % and higher 

At 4 M spatial scaie high fractions at 
the edges 
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Snow and Ice Measurement 
Snow Grain Size 

Snow Melting 

Snow and ice distribution and properties are 
changing due to global warming. 

Snow and Ice Measurement via the 
Optical Constants of Water 
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AVIRIS and Snow 
.. . __  

Mrrmmoth Mountain. CA 

I 

Costal and InIand Water 

Properties to Measure with Imaging Spectroscopy 

- Chlorophyll and other constituent 
- Water depth 
- Aquatic vegetation 
- Coral 
- Pohtion 
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-Neural Backscat - s . * ~  ,I ,+ 
- P a m  Back8cal -Tnptm A h  
-Water Abs - .'.It. I 7 L 
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Costal and Inland Waters 
Spectral Signatures of Water Constituents 
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Research and Applications 
Atmosphere: water vapor. clouds properties. amxils. absorbisg gases.. . 
Ecology chloroph~il. leaf water. Lignul celiulose. piginem. structure. 
nonphotos\.nthetic conslituents.. . 
Geolog and soils: nliaeralog! . soil Cpe.. . 
Coastal and lnlafid waters: chlomph~H, phkton dissolved orgarucs. sedhuents. 
bttolu compsitioa bathymetry.. . 
SIKW and Ice Hydrolog! : snow cover fraction. gramsize. mpurities. melting.. . 
Biomass Bumiog: subpixel temratures and ei3ent. Sru0l;e. conlbustion 
products.. . 
Environruental I d s :  contaminants directly and indirectly-. geological 
substrate.. . 
Calibmtion: aircraft and satellite sellsors. sensor simidation standard validation.. 
Modeling: radiative transfer in&l valmdation and constraint.. . 
Conuuercial: ~nha-al exploration. agriculture and forest status.. . 
Algorithms: autonomous atmnwpkic comectio~~ advance speara derivation.. . 
Other: Iiuraaa infrastructure.. . 
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summary 

Measuring the Earth system in a time of 
gtobal environmental change A 

Imaging Spectroscopy enables remote measurement 

Remote Measurement determination of the properties of 
the Earth's surface and atmosphere through the physics, 
chemistry and biology of the interaction of 
electromagnetic energy with matter. 

Future Vision 
What is needed: High Fidelity Imaging Spectroscopy 

High Signal-twnoise ratio 
required for molecular spectroscopy 

-6-1001- 

Ua mo Ipm lsm ,ma im Po0 251 

Elccellent calibration for quantitative results 
(spectral. radiometric. spatial) 

Uniformity is required for spectroscopy 
in the image domain - 

- 
A Failurn by 

45 



Future: Advanced high throughput and hgh uniformity 
designs 

1 

._ 

U nobscu red F12.7 

MCT Detector 

00 to 2500 nm @ 10 nm 
km swath @ 30 rn 

A possible design: 30 meter spatial resolution and 
60 km swath 
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Thank YOU 

AVIRIS website: 
h~p:l/a~iris.jpl.nasa.go~ 

Enmil: rog4rjpi.ima.gov 

AWNS Worlishop Pmee~..igs: 
On-tine at website 

AVIRlSWorMiop: Ma~2005 
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