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Presentation Outline

" What is hyperspectral imaging?
" Characteristics of hyperspectral data and derived information
"  USGS Afghanistan project hyperspectral mapping
" Acquisition
" Data processing
" Publications and map products
= Applications of hyperspectral imaging
" Mineral resource exploration
" Wildfire effects assessment
" Monitoring land use changes
" Vegetation health due to climate change

" Hypothetical survey of the American southwest

®  Sources and links

2 USGS



Alrborne Hyperspectral Imaging,
aka lmaging Spectroscopy

" Hyperspectral: Measures narrow spectral bands over a
continuous spectral range, producing spectra for each pixel.

" Solar reflected spectrum (approx. 400-2500 nm)

" Eye sensitive to approx. 390-700 nm

" Measure upwelling radiance spectrum arriving at the sensor for
each pixel

" Compare against libraries of calibrated spectra

" |dentify surface materials through molecular absorptions and
scattering characteristics

" Changes in electron state, and vibrations in chemical and
molecular bonds

2 USGS
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Imaging Spectroscopy Sensors

= AVIRIS (NASA/JPL)

= Airborne Visible/Infrared
Imaging Spectrometer

" 224 bands, 677 pixel width
" ER2 @20 km =20 m res/11km
" Twin Otter @ 4 km =4m res/2 km

" HyMap® (Hyvista Corp.)
= SpecTIR®
" HysplRI (future)
" Hyperspectral Infrared Imager
satellite
" |ntegrates thermal IR (HYyTES)

" 256 bands, 512 pIXG|S, 60m Hoefen and others-
pixel resolution 2012

2 USGS
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High Information Content:
Imaging Spectroscopy Data

Alunite spectrum as measured
by 4 instruments

= low transmittance
through Earth's
atmosphere

—¢7 Landsat TM
spd0156 r 115

Reflectance

v MODIS
spd01S6 r 113
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These spectra are used for direct identification of
soils/minerals/vegetation and provide information on physical and
chemical properties based on wavelength position and shape of
absorption features

2 USGS
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Mapping Surface Materials

Individual Material
MICA

Maps
RTGC Module (fit, depth, and f*d)

Imaging Spectrometer Data
(calibrated to reflectance)
Reference
Spectra

(Spectral
Library)

Classification Map

Absorption
Feature
Definition

Continuum
Removal

Least-Squares
Fitting

Expert Rules

The spectra of the unknown materials are compared with standard library materials
as part of the data analysis. The USGS maintains and updates the premier
geoscience spectral library. It contains the spectra of hundreds of well-characterized
natural and anthropogenic materials. http://speclab.cr.usgs.gov/spectral.lib06/

Hoefen and othersa
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USGS Afghanistan Projects

" Agro-Meteorology

" Airborne Geophysical Surveys

" Capacity and Institution Building

" Coal

" Earthquake Hazards

" Geospatial Infrastructure Development
" Hyperspectral Data

" Minerals and Information Packages

" Oil and Natural Gas

" Water

y

\
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Hyperspectral Acquisition

" HyMap imaging spectrometer
" WB-57 high altitude NASA aircraft

" Constraints
" Political border buffers (approximately 33% land area)
= Aircraft altitude average 16.06 km (52,690 ft)
" Liquid nitrogen in dewars limits flightline length

= Airfield location, sensor problems, aircraft problems, weather, etc.
" August 22-October 2, 2007, 43 days, 28 flights
= 218 flightlines (207 data, 11 calibration), total 39,345 km length

= Total area of Afghanistan imaged approximately 438,012 km? of
652,834 km? (67%)

2 USGS
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Afghanistan Flightlines

66'E 68°E

Afghanistan 2007 Flight Lines
HyMap data collected from NASA WB-57
August 22 to October 2, 2007

Kokaly and others-
20048



Data WManagement

" Hypercubes

" MICA analysis

® Material Identification
and Classification
Algorithm

® Rasters
" Geodatabases

2 USGS



Data Processing Flow

Data Processing Flow

MICA
(Material Identification
and Characterization

Thematic map Algorithm)

HyMap data Combination of similar mineral cl

218 flight lines products and other material class SUmmary;images

Radiance 1-micron (1-pm) map of iron-bearing minerals and other materials Processing for
2-micron (2-pm) map of carbonates, phyllosilicates, sulfates, cloud/cloud shadow,
altered minerals, and other materials water, and wet soil classes,
regridding of data to
Georectification latitude/longitude at
and radiative approximate 23-m spacing,

transfer correction and mosaicking of tiles
MICA 2

(Material Identification and
ACORN Characterization
Algorithm)

(Atmospheric CORrection Now)
best match images

reflectance

Material |dentification and Characterization
orithm (MICA) using 1-um and 2-um
command files

Empirical correction
using ground
calibration sites

RTGC ;
diative transfer Image tiles
ground-calibrated)

Georeferencing to
Landsat base image Image trim in overlap regions
and cross-calibration and mosaicking

CCRTGC
(Cross-calibrated radiative
transfer ground-calibrated)

Spectral analysis steps

Kokaly and others-
EEE]



Spectra Comparison

A. Reference spectra B. HyMap pixel spectrum
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Kokaly and othersa
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GIS Data Products

" Hyperspectral data
" MICA summary/fit images

® Thematic rasters

" [ron-bearing minerals and other
NEGCHEUS
® Absorption features in the
visible to near-infrared (1-um)
= Carbonates, phyllosilicates,
sulfates, altered minerals, and
other materials

® Absorption features in the
shortwave infrared (2-um)

® Data Series 787

&

USGS

" AOIlinformation packages

" 24 initial Areas of Interest

" Geodatabases

" Commodity reports

" Open-file Report 2011-1204

Resource anomalies
" Open-file Report 2011-1229



Afghanistan 2-um Surface Materials Data:
Carbonates,

Phyllosilicates, Sulfates, Altered minerals

[ Not classified

[ calcite, abundant

[ calcite

[ calcite + Muscovite/lllite
[ caicite + Montmorillonite
[l carbonate (iron-bearing)

[ polomite

] Dolomite +
Montmorillonite/Calcite

[ chiorite or Epidote

[ Muscovite

B ite
Kaolinite

- Kaolinite +
Muscovite/Clay/Calcite
[ Montmorillonite

[ Alunite

[ Atunite + Kaolinite

EXPLANATION

Pyrophyllite (alunite may
== be present)

- Jarosite (muscovite may
be present)

Kaolinite (dickite may be
l:] present)

[l Buddingtonite

[ serpentine

Serpentine or
Calcite+Dolomite

[] Tremolite or Talc
[l Hydrated Silica
B Gypsum

[l Green Vegetation
[ Dry Vegetation
[ snowiice

[ water

I wet soils

["] Non-data Pixel
[l Cioud or Cloud Shadow

Kokaly and others-

2013a



Afghanistan 1-um Surface Materials Data:

Iron-bearing Minerals

[ Not classified
Hematite

= Nanocrystalline

[[7] Hematite Fine-Grained

Hematite Medium-
:l Grained

Hematite Coarse-
(- Grained

[ Goethite Fine-Grained

Goethite Medium-
- Grained

Goethite Coarse-
= Grained

[l Goethite+Jarosite
B Jarosite

[ maghemite

[ Ferrihydrite

[ Fe3+ Type 1

EXPLANATION

[ Fe3+ Type 2

[ Fe-Hydroxide
[ Fe2+ Type 2
[[1Fe2+ Type 1

[ ] Fe2+ Fe3+ Type 2
[ Fe2+ Fe3+ Type 1
[ Chilorite

[ Epidote

[l Green Vegetation
[ Dry Vegetation
[ snowilce

B water
I wet Soils

["] Non-data Pixel

Cloud or Cloud
- Shadow

Kokaly and others-

2013a



Afghanistan Areas of Interest

USGS Mineral Project Areas for 2010
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Hoefen and othersa
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Thematic Mapping Products

" Countrywide surface materials wall maps
" Jron-bearing minerals and other materials
® Scientific Investigations Map 3152-A
" Carbonates, phyllosilicates, sulfates, altered minerals, and other materials
® Scientific Investigations Map 3152-B
" Hyperspectral quadrangle maps
" 1-um, 2-um maps of each quadrangle
= 30 quadrangles, 60 maps

® Carbonates, Phyllosilicates, Sulfates, Altered Minerals, and Other Materials
® Open-file Report 2013-1191-A through
® Open-file Report 2013-1220-A

" |ron-bearing Minerals and Other Materials

® Open-file Report 2013-1191-B through
" Open-file Report 2013-1220-B

"  Summaries of important areas for mining investment and production
opportunities

" Open-File Report 2011-1229

2 USGS



Afghanistan 2-um Surface Materials Wall Map:
Carbonates, Phyllosilicates, Sulfates, Altered Minerals

ZUSGS (D)

Kokaly and others-

2 USGS



Afghanistan 1-um Surface Waterials Wall Map:
Iron-bearing Minerals

SURFACE MATERIALS STAN. 2 OTHER MATERIALS

[T

King and others-

USGS
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Hyperspectral Quadrangles: Carbonates,
Phyllosilicates, Sulfates, Altered Minerals

{ asrax

'RAL SURFACE M RIALS MAP OF QUADR/ 3468, CHA FGHANISTAN,
SHOWING CARBO! ES, PHYLLOSILIC SULFATES, ALTERED MINERALS, AND OTHER MATERIALS

By
Raymond F. Kokaly, Trude V.V. King, Todd M. Hoefen, Keith E. Livo, Stuart A. Giles, and Michaela R. Johnson
2003

Kokaly and others-
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Hyperspectral Quadrangles:
ron-bearing minerals

W0 N

1 0N

REFERENCES CITED

TRAL SURFA! ATERIALS MAP OF QU

By
Trude V.V. King, Todd M. Hoefen, Raymond F. Kokaly, Keith E. Livo, Stuart A. Giles, and Michaela R. Johnson
013

King and othersa
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ummaries of Important Areas

Map of carbonates, phyllosilicates, sulfates, altered minerals, and other materials
derived from HyMap data in the Panjsher Valley Area of Interest

Map of iron-bearing minerals and other materials derived from HyMap data in the Panjsher Valley Area of Interest

EXPLANATION EXPLANATION

ixel count)

Peters and othersa
2011



Ayperspectral Welb Wap

Unpublished

data

¥

USGS
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ruzgan—Ghazni Carbonates

Unpublished
data

2 USGS



Science

Mother of all lodes

T'he United States is putting scientific boots on the ground in
stan to asses eral riches

rt Tucker went | steep” w
and haste
A niodium, used to temper swel

valu ed

an governments preferred
D'\.\.\‘c is $3 million } That bounty is a product
of a tortured tectonic history: Afghanis

lndlan..ubmnnent'w b Asia “This is a very,
untry,’ says Jack Medlin,

anistan. Over the past 4 years, USGS
have been putting scientific boo
an the ground to acquire more data
James Devin

to show mining companies ‘xm on
the minerals are there, but h
how mnch 1s there, and what you can do
w02 Went to press, the final
oping mission was about to zet under way.
A team will drll into a dry lakebed about
100 kilometers south of Kabul to sample a
of lithium, an element used

dec he countrys prosperity
may well depend on its prodigious mineral
e conversation bas chan

from agriculture and opium to minerals and
sophisticated development;' Devine says
Already, the Afgh roment has awarded
contracts toa Chingse company t exploit the
Aynak copper deposit and to an Indian
consortium to tap a masdve iron ore lode.
& major impediment to developing these
erves was removed last month,

Stone-
201y



Applications of Hyperspectral lmaging

" Mineral resource exploration

" Wildfire effects assessment

" Monitoring land-use changes

" Monitoring climate changes on plant health
" Mapping invasive plant species

" Detecting and measuring deforestation

" Disaster response

" Pollution monitoring and enforcement

" National security

2 USGS
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Wildfire Effects Assessment

Picture of Station Fire taken mid-morning (mid-September) by the Multi-angle Imaging
SpectroRadiometer (MISR) instrument on NASA’s Terra satellite

Hoefen and othersa

2 USGS



Station Fire, Los Angeles, CA

" August 26 — October 16,
2009

" 647 km2burned

m 209 structures
destroyed

" Fire was located just
outside of Los Angeles

B After one month of
firefighting costs were
over $93 million

y

)

2 USGS



The Station Fire Burn Perimeter

AVIRIS Data =

2009

October 6

Hoefen and othersa

2012

USGS
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Cerro Grande [Fire, Los Alamos, NM

" Prescribed fire
started May 4, 2000

® Declared a wildland
fire on May 5

" >45 000 acres
burned

" AVIRIS data
collected September
2-4, 2000 at high
spatial resolution
(3m pixel size)

Kokaly and others-

2 USGS



Spectra Added to the Spectral Library for
Mapping Surface WMaterials

" Lodgepole Pine Forest

" Dry Lodgepole Pine Needles

" Dry Lodgepole Pine Needles #2
" Dry Grass

" |[ron-Oxide nano-crystaline
Hematite

= Kaolinite Clay
" Montmorillonite Clay
" Ash/Char Abundant

Kokaly and others-
2007

y

\
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Post-fire Surrace Cover

Ash/Charcoal

Mineral/Ash
Mineral-1pm

Mineral-2um

Dry Conifer

Dry & Green
Conifer

Straw matting

Straw matting
& Green grass

Green
Vegetation

Kokaly and others-
2 USGS




Monitoring Land Use Changes

HyspIRI VSWIR/TIR

: composite data set
Q"a» : (quantitative integrative
measurement of urban

VSWIR Level 1l HysplIRITIR surface reflectances,

HyspIRI
Hyperspectral

- temperatures, and
oo mult'SPeCtral Level Il emissivity across the urban

(NDVL fPAR,  broduct (8 TIR Bands) aGemisin

reflectance (surface temperature, radiance,
characteristics) [day/night], emissivity)

Wentz and othersa
20Lly



Monitoring Vegetation Hea

Biophysical quantity and yiel
(e.g., biomass, LAI, plant den:
68 0 855 a5 7 .
Chiorophyll (687, 760, 855 1045, 1100) S —— Corn-early vegetative (111)
absorption 4
(687)

—Wheat, late vegetative (143)

- Rice, tasselling (92)
Barley, early vegetative (76)
Wheat, critical (164)
- Corn-late vegetative (111)
Lignin, cellulose, Rice, senecing (79)

plant litter (1548,  —Barley, late vegetative (115)
1620, 1690, 2025,
2133, 2205)

Plant stress
(2295)

Reflectance (%)

2

Nitrogen|
(405)

0
15
10

Heavy metal
stress (1650)

7

0
350 450 550 650|750 850 950 1050 1150 1250 1350 1450 1550 1650 1750 1850 1950 2050 2150 2250 2350

Light use efficiency Plant stre senescing (705,

(490, 531) 720, integration over 700740 Wavelength (nm)

Thenkabail and othersa
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Hyperspectral Coverage in the
American Southwest

€ > C avirisjpl.n,

2006-2014 AVIRIS Flight Locator
Tool

SEARCH DATA

Attribute Filter

® Thr s ' Text Search

AND Solar_Elev

AND

Spatial Filter

d Longitude in Decimal

4

Lubbock

Zoom to Polygo

Results

Small v

aviris.jpl-nasa-gov/alt

ZUSGS



Hypofthetical Statewide Imaging Survey

" Flightlines

" Coverage

" Fewer constraints
" Lower Cost

&
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Advantageous Conditions

" Climate
" Low precipitation/few clouds
" Weather is short-lived
" Dust, haze, and smoke tend to be short-term problems

" Vegetation

" Sparse

" Late spring/early summer avoids dry cheatgrass
" Sunlight

" Days clear of clouds
" |Incidence angle

" Logistics

y

\

2 USGS



Stakeholders

" Mining and exploration companies

" Foresters and wildfire protection districts

" Land managers and government regulators
" Disaster management agencies

" Property owners

" Environmentalists

" Climate scientists, biologists, geologists

" GIS Analysts

&

ZUSGS
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AVIRIS spectrometer

® aviris.jpl.nasa.gov

" HyMap spectrometer
®"  www.hyvista.com

"  SpecTIR spectrometer
" www.spectir.com

" USGS Spectral Library

= http://speclab.cr.usgs.gov
/spectral.lib06/

" Science Journal on Afghanistan

" http://www.sciencemag.org
/content/345/6198

" USGS projects in Afghanistan
= afghanistan.cr.usgs.gov
= Airborne survey flight line planning
and data collection
"  pubs.usgs.gov/of/2008/1235
= Surface mineral maps and

hyperspectral data
"  pubs.usgs.gov/ds/787

2 USGS

Countrywide surface material wall
maps

" pubs.usgs.gov/sim/3152/A

" pubs.usgs.gov/sim/3152/B

Summaries of important areas for
mining investment
"  pubs.usgs.gov/of/2011/1204

Detecting and mapping resource
anomalies using HyMap and ASTER
data

"  pubs.usgs.gov/of/2011/1229

Hyperspectral quadrangle maps

®" ron-bearing Minerals and Other Materials
®  pubs.usgs.gov/of/2013/1191/B through
®  pubs.usgs.gov/of/2013/1220/B

=  Carbonates, Phyllosilicates, Sulfates, Altered
Minerals, and Other Materials
®  pubs.usgs.gov/of/2013/1191/A through
®  pubs.usgs.gov/of/2013/1220/A

Any use of trade, product, or firm names is for descriptive purposes only
and does not imply endorsement by the U.S. Government.



