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science for a changing world

LANDSAT

Four Decades of Earth Observation
1972-2012

‘Because Landsat enables us to see Earth’s surface so clearly, so broadly,
so objectively, we gain invaluable insights about the complexity of Earth
systems and the condition of our natural resources.”

— USGS Director Marcia McNutt

{;Mexico Irrigation
» Landsat5
 August 3,2010




U.S. Landsat Archive
(September 2012)

e ETM+: Landsat 7

¢ 1,446,000 scenes
e ~1,343 TB Raw and LORa Data
° average scene size 487 MB

e TM: Landsat 4 & Landsat 5

¢ 1,342,240 scenes
e ~673 TB Raw and LORa Data
° average scene size 263 MB

e MSS: Landsat 1 through 5

¢ 610,997 scenes
e ~37 TB Raw and LORa Data
° average scene size 32 MB

e Total:

¢ 3,399,237 scenes
e ~2 053 TB Raw and LORa Data
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Landsat Key Accomplishments
since last meeting

e Landsat 40t Anniversary

¢ Landsat 1 Launched July 23, 1972
e Landsat 7 — Collision avoidance maneuver (4/17/2012)
e Landsat 5 — Happy 28" Birthday!

¢ Downlink of MSS data
¢ X-band transmitters declared failed

e Web-enabling: distributed >9 M images since 2008

e Full Resolution Browse: ~60% of archive complete

e LandsatLook — new interface for Full Resolution Browse
e Landsat Metadata updated in preparation for LDCM

e Completed Global Land Survey 2010 (GLS2010)
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Gain Stability by Band

(post-4.5 years since launch)
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are within the 5% uncertainty limit
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Detectors have very stable relative gains

ETM+ gains estimated using PICS suggest a
decay on the order of up to 0.2% per year

L7 ETM+ Calibration Update

e Absolute radiometric accuracy better than = 5%
(reflective) and 1 K (thermal)

e Relative detector-to-detector normalization, i.e.,
striping less than £ 0.1%

e Noise stable over mission life

e SLC failure had no significant impact on L7
ETM+ reflective band radiometry- continues to be
excellent




L5 TM Calibration Update

e Within-band within-scene internal stability
¢ Scan-Correlated Shift (SCS) of up to 0.7 DN

2

2

e Correctable with scan line-by-scan line background subtraction

Memory effect of up to 4 DN
e Currently corrected in LPGS processing

Between-date stability

Interference cycling from icing on B5 and B7
e Correctable with IC processing or LUT that includes interference cycling

e Radiometric calibration processing

*

* 6 O

*

Uses Gain Calibration History stored in Look-Up Table (LUT)
Extracts and applies biases on a scan line by scan line basis
Rescaled to Fixed Radiance Range (LMIN, LMAX)

LUT revised APriI 2, 2007 to reflect revised trends from Sahara desert site
data obtained from ESA

The L5 TM radiometric calibration uncertainty of the at-sensor spectral
radiances is around 5% and is somewhat worse for early years, when the
sensor was changing more rapidly, and better for later years
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Cross-calibration of L5 TM & L7 ETM+

L7 ETM + L5 TM TOA Reflectance Obtained in ETM+ vs. TM (Band 2)
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LandsatLook Viewer

& - C [ landsatlookusgs.gov

[ Getting Started ("] Imported From Firef...

2ZUSGS LandsatLook Viewer

Contact USGS | Help ~ Display Displaying 3 of 492 images
+ L y Years: 1999 - 2012
é & Days: All year
Cloud: 20%

Sensors:TM,ETM+,
Time

Sun, 05 Jun 2011 (GMT)
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LGAC Progress bistribution of new global data

LGAC WRS2 Scenes

gov/about/

usgs.

/llandsat.

http

1982 through July 30, 2012

ired

®

Status as of July 31, 2012

tion Date Range: August 22
1,051,226 Total Scenes Acqu
8,580 Unique Path/Rows
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GLS1975 Archive
Bo%0 700 K

GLS2005 Archive

Legend Legend
Available Tiles = Available Tiles
W Missing Tiles (~2779) B Missing Tiles (~350)

GLS1990 Archive
Legend
Available Tiles
B Missing Tiles (~1300)

GLS2010 Archive
g P 2800 K

Available Tiles
B Missing Tiles (~433)

Global Land Survey (GLS)

Spatial coverage of the five GLS data sets.
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Yearly distribution of the GLS datasets. The fat bars indicate number of Landsat tiles.

The percentage of those tiles in each GLS dataset is shown by the slim bars.

GLS Archieve: GLS1975, 1990, 2000, 2005, and 2010
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Dataset Number of Images RMSE (m)

Geolocation errors (RMSE) relative to GLS Analyzed " ot sout | Eostwest |
2000 in GLS 1975, GLS 1990, GLS 2005, and oo
GLS 2010.

GLS 2010
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L5 TM Spatial Distribution of the
Band 3 Rescaling Gains

GAIN_BAND3

- Unknown

0.00540

0.42629 - 0.80011
0.80576
0.80590

0.80667 - 1.35756

1.36344

I 157067 - 1.63956

1.64612

I 2034988

Spatial distribution of the Band 3 rescaling gains provided in the metadata of GLS 1990 images. Other bands have
the same spatial patterns though the values are different. The USGS archived TM scenes are processed using a
consistent radiometric calibration procedure (IC-based); however, the IGS data were processed using multiple
calibration approaches resulting in different gain coefficients, and some of these images have missing header
information. Calculation of accurate biophysical and geophysical variables using the GLS1990 images is not possible
because the rescaling coefficients are inconsistent and sometimes not documented in the metadata file
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Candidate Landsat ECVs

Terrestrial
ECV Technical Consideration Requirements / Demand
Overall
Landsat USGS USGS USGS Importance | Community
Potential Readiness |Uniqueness |Relevance |to DOI Demand
*Land Cover |[High High High High High High
*Leaf Area
Index High Low Low Medium Medium Medium
FPAR High Low Low Medium Low Low
Biomass Low Low Low High High High
*Albedo Medium Low Low Medium Low Low
*Fire
Disturbance |[Medium High Medium High High High
*Surface
Water High High Medium High High Medium
*Snow / Ice Medium Medium Low Medium Medium Medium
Soil
Moisture Low Medium Low Medium Medium Medium

*ECVs with highest initial potential for development

ZUSGS
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Prescriptive Levels of Processing

Provide users with the product most suitable to their needs

TOA Reflectance Surface Reflectance

2 USGS 5



Surface Reflectance
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Moving from Data to Information

L1T At-sensor Radiance Surface Reflectance Leaf Area Index
(FCDR) (TCDR) (ECV)




Landsat Data Continuity Mission (LDCM)

The Landsat Data Continuity Mission (LDCM) is under development for a
February 2013 launch. Developed as a NASA / USGS partnership

Courtesy of Orbital

&

(

2 USGS 8



NASA /USGS Mission Responsibilities

Space Segment Launch Segment

Operational Land Imager
Multi-Spectral Imaging Instrument
Pushbroom VIS/SWIR sensor
Fourmirror telescope
FPA consisting of 14 SCAs

Atlas V 401

ThermalInfrared Sensor
2 thermal channels
Pushbroom design
QWIP detectors
Actively cooled FPA

Spacecraft
3-axis stabilized
Accommodated OLI & TIRS

Ground System

Ground Netw ork Element (GNE) Data Processing and Archive System (DPAS)
Antenna & associated equipment for X-Band image & S- Ingests and generates LORa data from GNE-provided Mission data
Band telemetry data downlink reception and generation of S- Stores and archives LDCM data (Mission, LORa, and product)
Band command uplink Providesinventory andmetrics database services
ProvidesProduct Generation, Image Assessment, & Subsetter
Collection Activity Planning Element (CAPE) Provides web interface to facilitate: data discovery, product selection &
Generates high level imaging mission schedules ordering (for Cal/Val), & product distribution

Mission Operations Element (MOE)
Mission planning & scheduling. command & control,
monitoring and analysis. flight dynamics & onboard memory
management

Blue — NASA
Green - USGS

&
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OLl Relative Spectral Responses
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LDCM Data Collection Sequence

+ The co-aligned sensors are nominally
nadir pointed and sweep the ground B shuteer
track land surface in contiguous image
data collections, also known as image Ancillary
intervals. >

+ The number of intervals are pre-defined
on the ground based upon the number of
WRS-2 scenes scheduled for collection,
and allocated in the SSR.

+ Each orbit will start and end with a 500
line dark collect (shutter closed)

+ Each data collection sequence will start
and end with an ancillary file ;

# Flight

Direction l

&

(
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L8 Standard Level 1 Terrain Product

What will you receive?
LC82220052014265LGNOO.tar.gz

>

>

>

>

LC82220052014265LGNOO_B1.TIF
LC82220052014265LGNOO_B2.TIF
LC82220052014265LGNOO_B3.TIF
LC82220052014265LGNOO_BA4.TIF
LC82220052014265LGNOO_BS5.TIF
LC82220052014265LGNOO_B6.TIF
LC82220052014265LGNOO_B7.TIF
LC82220052014265LGNOO_BS8.TIF
LC82210052014265LGNOO_B9.TIF
LC82220052014265LGNOO_B10.TIF
LC82220052014265LGNOO_B11.TIF
LC82220052014265LGNOO0_QA.TIF
» LC82220052014265LGNOO_MTL.txt

N R e e T

Landsat 8 Calibration Parameter Files (CPF) and Bias Parameter Files (BPF)

Files listed are from dates shown in date entry fields. You may also access Response Linearization Lock Up Tables (RLUT)

J RSS feed for new Calibration Parameter Files J RSS feed for new Bias Parameter Files
Use the fIt s below t h for additional files
Specify a date, date r; ge, orbit or orbit range.
e(Mm/oD/YYY) | | O Search By Orbit Number
ate 07/01/2012 [E| End date 07/03/2012 & StartOrbit: |  End Orbit

@ Show Active (currently used in production)
Show Inactive (historical)

show All
Search Results
Click a filename from one of the lists below to download the file
L8CPF20120401 20120630.01 No BPF files were found.

With Checksum file LC82220052014265LGNOO_MDS5.txt

&
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Assessment Band A file that contains quality

statistics from the irmage data and cloud mask for the scene

Bit Description Bit Description Bit Description

0 | Designated Fill 8 | Vegetation Designated

1 | Dropped Frame 9 Sl EneE

2 | Terrain Occlusion 10 | Snowl/lce

3 | Artifact (Reserved) 11 SEEETEE 3 | Water**

4 | Water 12 | Cirrus 4 | Vegetation**

5 Confidence 13 Confidence 5 | Snow/lce™

6 | Cloud Shadow 14 | Cloud 6 | Cirrus**

. (reserved) 1= | Confidence S E—

- 16-bit QB rolls off of
the Online Cache
with the L1 Product

- 8-bit QB available
with the Full
Resolution Browse

At-launch bits

**_ Set for highest
Confidence Level (11)

Quality Assessment Band (8-bit)

+ The QB looks like any other band file and is a

Confidence Levels

00 =none or unset

01 = 0-33% confidence
10 = 34-66% confidence
11 = 67-100% confidence

16-bit image with the same dimensions as the
L1T scene.

+ The bits are assigned to various processing
artifacts that are identified in the L1

processing.

&
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LDCM L1 product options

| Option 4
Formatting,
' ' : L1T
LO data == radiometricand =53 . = Scaling =
geometric Radiance (L) J product

processing

Landsat 1-7

L1T

p’ = R X L X ESdiStZ —) Scallng = product

~ ESUN
S Option 1 g'

Option 3 / \ Option 2

L1T : i
roduct km Scaling & Per-pixel sun | Scene-center =& gealing ==
elevation sun elevation

L1T
product

Pep = P’/ C0SO,(XY) | Psc=p [ COSOg;




Test Site Catalog and Trending

Satellite.

Catalog of World-wide Test Sites for Sensor Characterization

In an era when the number of Earth-observing satellites is rapidly growing and from th areusedto

urgent global issues, itis imperative that scientists and decision makers rely on the accuracy of Earth-obsarving data products, The

characterization and calibration of these sensors are vital to achieve an integrated Global Earth Observation System of Systems (GEOSS) for
and sustained of Earth. The U.S. il | Survey (USGS), as a supporting member of the Committee on Earth

Observation Satellites (CEOS) and GEOSS, worked with partners around the world o establish an onine Catalog of prime candidate worldnide

test sites for th of sp, d optical imaging sensors. The online Catalog provides easy public

Viah aite actans o this ital ofaroasiian for the gluba! community: Through greater access to and undarstanding of these vital tast sites and

their use, the validity and utility of information gained from Earth remota sensing will continus to improve.

(More Info..)

Contact ion: Gyanesh Chander g os.qov or Gregory L Stensazs stensass@usas.gov

Clickon Continent of Interest Choose A Radiometric Sit.=]

|Choose A Geometry St

Home
TestSite Gallery
Radiometry Sites

Geometry Sites

Acronyms

References

Counter
0383]
Since May 1, 2008

Accessibility FOIA Privacy Policies and Notices

U.S. Department of the Interior | U.S. Geological Surve
URLhttp://calval.crusgs.gov

Page Contact Information; =ros
Page Last Modified: June 9, 2008

(€ Land Product Validation System (LPVS) - R - -~ Page -~ GSatety - Tools ~
LFVS &9 &&udud 7 Contact USGS
Land Product Validation System Search USGS

HOME
Test Site Trending
ACRONYMS
REEERENCES To menitor land surface processes over a wide range of temporal and spatial scales, it is critical to have coordinated observations of the Earth's

surface acquired from multiple spaceborne imaging sensors. However, an integrated global observation framework requires an understanding of
how land surface processes are seen diffarently by various sensors. Sinca 2006, the U.S. Geological Survey (USGS) and the National Aeronzutics
+|  and Space Administration (NASA) Moderste-resclution Imaging Spectroradiometer (MODIS) Characterization Support Team [MCST) has worked
together to menitor the long term stability over stable pseudo-invariant calibration sites (PICS). Over the years, the data is trended from
%ﬂ”m—“ﬂj multiple sensors such as Terrs MODIS, Aqua MODIS, Landsat 7 (L7) Enhanced Thematic Mapper Plus (ETM+), Landsat 5 (L5) Thematic Mapper
Selct Sensor Il i (TM), Earth Obsarving-1 (EO-1) Advanced Land Imager [AL1}, EO-1 Hyperion, ResourceSat-1 Advanced Wide Field Sensor (AWIFS), etc. The tast
Band® site trending web site currently shows the long-term top-of-atmosphere [TOA) reflactance trending as a function of time. This wabsite will mostly

=

+ Band +|  use the ETM+ spectral band naming convention for the ease of presenting the results. The measured TOA reflectances from spectrally matching
bands of MODIS (red squares), ETM+ (blue crosses), and TM (green cirdles) over the PICS are shoun in the trending plots. Other parameters

Site® and sensors vill be added in the near future.
Salect Site -
Parameter® Please contact Gyanesh Chander gchander@usags.qov for additional information.
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ﬂ'._" Land Product Validation System (LPVS) - Windows Internet Explorer ;IEIEI

Az |g https: (fcalval.cr.usgs.gov/lpvsfajax. php j % @ || X I;.f Google Q-

File Edit \iew Favorites Tools Help

Deltek Time & Expense - Login El Pandora Internet Radio - Lis... || ScholarOne Manuscripts & | USGS-EROS Home Page

&8 Land Product validation System {LPVS) Yy~ E] - 0 = - Page - Safety -

LEVO ©J aaudsud s Contact USGS

Land Product Validation Systtfm 3 . Search USGS

Earth Resources Observation and Science (EROS) Center

Land Product Validation System (LPVS) Home

.7 Favorites | 9 @& | Triton Digital Live Player - A...

Tools =

L5 Test Site Trending

ACROMNYMS

REFERENCES To monitor land surface processes over a wide range of temporal and spatial scales, it is critical to have coordinated observations of the Earth's
surface acquired from multiple spaceborne imaging sensors. Howaver, an integrated global observation framework requires an understanding of

Sensor 1+ how land surface processes are seen differently by various sensors. Since 2006, the U.5. Geological Survey (USGS) and the National Aercnautics

|Sela:t Sencor j and Space Administration (MNASA) Moderate-resolution Imaging Spectroradiometer (MODIS) Characterization Support Team (MCST) has worked

together to monitor the long term stability over stable pseudo-invariant calibration sites (PICS). Owver the years, the data is trended from

I H ]
Sensor 2 {Optional] multiple sensors such as Terra MODIS, Aqua MODIS, Landsat 7 (L7) Enhanced Thematic Mapper Plus (ETM+), Landsat 5 (LS) Thematic Mapper

|59'95' Sensor || i (TM], Earth Observing-1 (EC-1) Advanced Land Imager (ALI), EQ-1 Hyperion, ResourceSat-1 Advanced Wide Field Sensor (AWIFS), etc. The test
Band® site trending web site currently shows the long-term top-of-atmosphere [TOA) reflectance trending as a function of time. This website will mostly
|Sela:t Band j use the ETM+ speactral band naming convention for the ease of presenting the results. The measured TOA reflectances from spectrally matching

bands of MODIS (red squares), ETM+ (blue crosses), and TM {(green circles) over the PICS are shown in the trending plots. Other parameters
Site™ and sensors will be added in the near future.
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p'f" Land Product Validation System (LPVS) - Windows Internet Explorer
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Land Product Validation System
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Land Product Validation System
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Land Product Validation System (LPVS)
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TOA p trending over the Libya 4 site
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TOA p trending after SBAF
compensation over the Libya 4 site
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INTRODUCTION

> Test sites are central to future Earth Observation (EO) sensor data
quality assurance and quality control (QA/QC) strategy.

>The Comrnlttee on Earth Observation Satellites (CEOS) ‘Working
Group for Cal and Validati (WGCV) d Visible Optical
Sensors (IVOS) worked wnth collaborators around the world to establish
a core set of CEOS-end loball istributed, dard test
sites (both instrumented and pseudo-invariant) for the post-launch
calibration of space-based optical imaging sensors.

> The pseudo-invariant desert sites have high reflectance and are usually
made up of sand dunes with low aerosol loading and, practically, no
vegetation.

>C y, these p: do-i iant dard test sites can
be used to evaluate the long-term stability of a sensor and to facilitate
cross-comparison of multiple sensors.

>The goal of this paper is to generate a metric for pseudo-invariant
calibration test sites based on muluple parameters such as top:

)} (TOA) refl spatial
uniformity, temporal stability, data yield rate, usable area, spectral
stability and typical spectrum observed over the site.

CEOS REFERNCE SITES

CEOS Reference Standard Tests Sites

Fig. 1. Distribution of the CEOS reference standard test sites.

0.8 181/ Mouritania 2 (201 / 46)

Fig. 2. Summary of the rectangular box region of interest (RO that were used within the
Landsat 7 ETM+ images acquired over the CEOS reference standard pseudo-invariant desert
{est sites. The site name and the WRS-2 path it oo T Toaaion o Tss,

Table 1. ROT test sites.

TOA REFLECTANCE PROFILE

S0t e o e o (1 s e

Fig. 3. Top-Of-Atmosphere (TOA) Reflectance Profile using EO-1 Hyperion data.

AVERAGE TOA REFLECTANCE

Average Reflectance over the CEOS sites

3 4
Spectral Band

Fig. 4. Average TOA Reflectance is the multi-year average TOAreflectance for each
bandsite after removal of cloudy and anomalous images using L7 ETM-+ data.

AVERAGE TEMPERATURE

Average Temperature over the CEOS sites

= Avg. Temperature

PR e EREE

eyt «w\‘“ aeee? gee®  oyet | (gene®

SPATIAL UNIFORMITY DATA YIELD RATE

Spatial Uniformity over the CEOS sites L7 ETM+ data yield rate over the CEOS sites

25

=Libya 4 . -
Mauritania 1 1300 =2000
« Mauritania 2 3007 =208

Spectral Bana T s 0t gee®

Fig. 6. Spal ity is the multi-year average standard deviation/mean
using L7 T datn,

TEMPORAL STABILITY

Temporal Stability (after BRDF normalization) Terra MODIS data yield rate

= Algeria 5

3 a
Spectral Band

Fig. 7. Temporal Stability is the overall standard deviation of the average
TOA reflectance over the lifetime using Terra MODIS data.

AVERAGE NDVI

NDVI over the CEOS sites EO-1 Hyperion data yield rate

vt v«-""‘,w.«“-"“‘ et ® vt gene® wevet m-“‘" e ? geted oyet | (gene®

Fig, 9. Data yield rate is the number of nadi images (for ETM+ and

Fig. 8. Spectral multi-year average Normalized Difference Vegetation Index
o e > MODIS) that are available in the archive over a given

(NDVI) using L7 ETM+ data.

SUMMARY

> The ck ization and calibration of EO particularly their relative biases, are vital to achieve the developing
integrated Global Earth Observation System of Systems (GEOSS) for coordinated and sustained observations of the Earth.

>This can only reliably be achleved in the post 1 h envir the careful use of observations by multiple
sensor sy over ial targets.

> L7 ETM+, EO-1 Hyperion and Terra MODIS TOA measurements were used to derive all the metrics which will enable
us to the dif! all the sites.

iant sites has been performed using multiple parameters such as TOA reflectance,
y, data yield rate.

> Comparison b the pseud
bri; spatial Vs an

> All the six pseudo-invariant desert sites exhibit relatively high TOA reflectance along with a high data yield rate.

>In general t.he widely used leya 4 site exhibit the best performance amongst the sites under consideration in terms of
y. spatial y and high data yield rate (EO-1 Hyperion and L7 ETM+).

and define a single figure of merit.

A i work is underway to ize the

Fig. 5. Average brightness temperature is the multi-year average at-sensor
using L7 ETM+ data.




ZUSGS

science for a changing world
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1. INTRODUCTION

In this study. spectral band adjustment factors (SBAF)

are derived using hyperspectral Earth Observing-1 (EO-

1) Hyperion measurements to adjust for the spectral

band differences between the Landsat 7 (L7) Enhanced
Thematic Mapper Plus (ETM+) and the Terra Moderate
Resolution Imaging Sp (MODIS) top-of-
atmosphere (TOA) reflectance measurements from 2000 to
2009 over the pseudo-invariant Libya 4 reference standard
test site

The motivation of the work comes from the need to adjust
the spectral response differences of multispectral sensors in
order to provide more accurate cross-calibration between
the sensors.

2. METHODOLOGY

In this study, the Libya 4 TOA reflectance profile was
generated using an average of 108 cloud-free images from
2004 to 2009 acquired using the EO-1 Hyperion sensor.

Fig. 1 illustrates an average Libya 4 spectral TOA
reflectance profile from Hyperion (average of 108) plotted
along with the RSR profiles of the ETM+ and MODIS
Sensors.

The SBAF was calculated by convolving the spectral
response of the ETM+ and MODIS sensors with the
Hyperion TOA reflectance profile at each sampled
wavelength, weighted by the respective RSR

+ To adjust TOA reflectance data for sensor spectral response
differences, the following equations were used.

[02 RSB (1)

Pronr =
[RSR,da

ot Pene . (PR Ruio@R) | (RSB, i) @
Puaors [Py RSRuwonsdh) | (RSBt

P wobis= Pery, | SBAF (3)

where
RSR, = Relative Spectral Response of the sensor [unitless]

Table 1. Variations in SBAF due to interpolation.

ETMH ptine | Quadratic] 1S Average | STD of three
Bands Quadratic INT methods
1| 1065 | 1.069 | 1.066 0.19%

2 |1 1033 | 1034 0.10%

3 | 1035 | 1.035 0.03%

4 | 0915 [ 0914 [ 0916 0.08%

5 | 0948 | 0949 | 0947 0.06%

7 | 0869 | 0870 |_0.870 0.05%

« 108 Hyperion images acquired over five years from
2004 to 2009 were processed to obtain the average TOA
profiles.

p, = Hyperspectral TOA refl profile d from

the EO-1 Hyperion [unitless]

Pery. = Simulated ETM+ TOA refl d using 1l
the EO-1 Hyperion profile [unitless] .
Puois = Simulated MODIS TOA refl d using

the EO-1 Hyperion profile [unitless]
P woois = Adjusted ETM+ reflectance using the SBAF to
match the MODIS reflectance [unitless]

* Hyperion has a spectral resolution of 10 nm, and the
spectral sampling intervals of the ETM+ and MODIS
RSRs is 1 nm

+ To understand the effects of interpolation, SBAFs were
generated using spline, quadratic, and least square (LS)
quadratic interpolation.

* The analysis showed that the change in SBAF due to
interpolation techniques is less than 0.2% for all bands
(Table I).

ETM+ (Bands 1,2,3,4), MODIS (Bands 3,4,1,2) &

ETM+ (Bands 5,7), MODIS (Bands 6,7) &
Libya 4 TOA

Relative Spectral Response

.60 070 080
Wavelength (um)

Relative Spectral Response

14 15 16 1

7 18 19 20 21
Wavelength (um)

Figure 1. Comparison of the Libya 4 TOA reflectance profile and the RSR profiles from the ETM+ and MODIS sensors.

U.S. Department of the Interior
U.S. Geological Survey

The standard deviations of all those profiles were lower
than 0.05 for all Hyperion bands.

* The minimum, maximum, and average SBAF, and their
standard deviation (STD) are provided in Table I1.

The average of the band-dependent SBAF was used to

2 (8,

Figure 2. TOA reflectance trending over the Libya 4 site.

Table 3. Effects of SBAF on Lifetime Libya-4 Data.

With the spectral uncertainties for each band known, the
SBAF were calculated for both positive and negative
spectral shifts of the Hyperion and MODIS bands.

The directions of spectral shifts, the uncertainties due to
these spectral shifts, and RMSE values for each band are
summarized in Table V.

These RMSE values were used as an estimation of
the net uncertainty in SBAF adjustment due to filter
spectral uncertainties.

The aim of this exercise was to quantify the uncertainties
in the SBAF adjustment resulting from the spectral
uncertainties of the sensors being used.

Table 5. Variations in SBAF due to spectral uncertanities in MODIS
and Hyperion RSR.

e | sioots | ssouss | woors 1 foves e wowes 1 | woors 11«
omie] i v | Mo | i | o 1| Becion 1 | e 1 | e 1 | ot
i S S i

adjust the llfetm;}e ETM+ TOA reflectance to match with erm+| Toa TOA TOA .fr a‘.:lr)e’;.:/u ”/:I l"ﬂ“,;i}‘f,‘
MODIS TOA reflectance. Bands|  peoe puons | oo | BAF | after SBAF
1 0.243 0.232 23% -4.53%
Table 2. Hyperion-derived SBAF from Libya 4. 2 0.326 0332 o 1.84%
3 0446|0441 A -1.12%
ETM+] SBAF i o |STDof 108 4 0.571 0.595 %
Bands| P | Puons | average [SBAF MafSBAF Minf - RSE SBAF 5 B T RIS
244 | 0228 1066 | 10763 | 10434 | 2. 7 0.633 0.614 -15.64%
38| 0337 | 1034 | 10416 | 103
470 0454 1.035 1.0445 10318 21
S92 | 0591 | 0916 | 09324 | 0894 % 2
s 638 | 0674 | 0947 | 05681 | 03 91% + 10 same-day images were processed and the
7 0530 1 0609 [ 0870 [ ossir [ ossa3 0.58% corresp di g day speciﬁc SBAF adjustmenl was applied

3. RESULTS AND DISCUSSIONS

Fig. 2 shows the long-term TOA reflectance trending of the
spectrally matching bands of the ETM+ and MODIS sensors
over the Libya 4 site.

+ The measured TOA reflectances from MODIS (red
squares) and ETM+ (blue crosses) have been trended for
the Libya 4 site and the SBAF-adjusted ETM+ reflectances
(black squares) are also shown.

These constant offsets between the two sensors are
likely caused by a combination of the spectral signature
of the target, atmospheric composition, and the

RSR characteristics of each sensor. In an effort to
minimize the effect of change in environment, same-day
Hyperion, ETM+, and MODIS images were selected for
SBAF adjustment.

The percentage difference between the ETM+ and MODIS
TOA reflectances over the lifetime [before and after SBAF
adjustments] are summarized in table II1.

as described earlier.

Table 4. Effect of SBAF on
Same-Day Libya-4 Data.

The average (of
10 image pairs)
percentage difference

beoween ETMs e ke | GO
and MODIS TOA Bands| yefore SBAF | after SBAF
reflectances using 1 4.68% 0% ]
same-day images are 5.63%
provided in Table IV. ': ;1;

* The improvements 5 -10.54%
noted in Band 1 7 Z1624%

reinforce the
concept that changes in Rayleigh scattering over the large
time intervals in the 108 data point set may have caused the

problems with the generalized SBAF correction for this band.

Another source of uncertainty in the SBAF adjustment can
arise due to filter spectral uncertainties.

The spectral uncertainty of ETM+ was not available.

4. CONCLUSION

+ This paper demonstrates the use of EO-1 Hyperion data to
adjust for the spectral band differences between ETM+ and
MODIS sensors over Libya 4.

Before SBAF adjustment, ETM+ TOA reflectance was
lower than 16% of MODIS TOA reflectance for all the
bands. After spectral adjustment, the RSR-adjusted ETM+
TOA refl; (MODIS*) agree with
MODIS lower than 6% for all bands.

The TOA reflectance adjustment from Bands 1. 4, and
5 were unsatisfactory: Band 1 is strongly influenced
by Rayleigh scattering, the over-adjustment in Band 4
was attributed to water vapor absorption feature, and
the inadequate adjustment for Band 5 can be attributed
to water vapor because of its close proximity to the
absorption feature at 1800 nm.

The uncertainty analysis in the SBAF due to change in
Hyperion acquisition date. change in h and
shifts in spectral responses were performed.

« Higher uncertainties were observed in Bands 1, 4, and
5. These higher uncertainties were consistent with
results from these three bands giving higher percentage
differences after SBAF adjustment.

Additional research needs to be done to reduce the
disagreement in the results at longer wavelengths, and the
role of atmosphere in the SBAF estimation needs to be
further studied.

July 2010
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The Earth Observing-1 (EO-1) satellite was launched on November 21,2000, as part of a one-year

The difference in the spectral bands between the two sensors introduces an intrinsic offset in the
d TOA

mission but was b fthe interest

To evaluate the Advanced Land Imager (ALl) sensor capabilities as a precursor to Operational Land

A target ROl specific SBAF, which takes into account the spectral profile of the target and the RSRof the

Imager (OLI) onboard Landsat Data Continuity Mission (LDOM, or Landsat 8) , its measured top-of- two sensors, can be used to comp: for thi . Thessi for any sensor
(TOA) were pared to the well-calib Landsat 7 (L7) Enhanced Thematic can be calculated by integrating the spectral response of th with the TOA

Mapper Plus (ETM+) and the Terra Modk ion Imaging Sp (MODIS in profile at each sampled 3 by the respective RSR ion 1)

the reflective sdlar bands (RSB) + The integral in the numerator calculates the amount of in-band reflectance acquired in the respective

The cross-calibration of ALI with ETM+ and MODIS was performed using near-simultaneous surface
observations based on image statistics from areas observed by these sensors over four Desert sites
(Libya 4, Mauritania 2, Arabia 1, and Sudan 1)

RSRand is divided by the integral of the RSR of the sensor so there is no gain/loss due to the filter
response function

+ The SBAFisthen calculated by integrating the spectral response of sensor A and B with the
OAr

The differences in the measured TOA reflectances due to Relative Spectral Response (RSR
were compensated by using a spectral band adjustment factor (SBAF), which takesln(o accountthe
spectral profile of the target and the RSRof each sensor

Table 1. ALI, ETM+, AND MODIS key specifications

Platform EO1 Landsat 7 Terra
Sensor ALl ETM+ MODIS
Launch date November 21, 2000 Apnl 15, 1999 December 18, 1999
Number of bands 10 8
Spatial resolution 10m. 30m 15m. 30 m. 60 m | 250 m, 500 m. 1 km
Swath 37 km 185 km 2330 km
Spectral coverage 04-25pm 04-125um 04-14ym
Pixel quantization 12 bit 8 bit 12 _bit
Orbit type Sun-synchronous Sun-synchronous Sun-synchronous
Equatorial Crossing Time 10:01 AM 10:00 AM 10:30 AM
Altitude 705 km 705 km 705 km
Repeat Cycle 16 days 16 days 1-2days

*Recently, the Committee on Earth Cbservation Satellites (CEOS) Working Group on Calibration and
Validation (WGCV) members of the Infrared Visible Optical Sensors (1VOS) sub-group has established a set
of CECSreference standard test sites for the post-launch calibration of space-based optical imaging
sensors

*The six CEOS reference Pseudo Invariant Calibration Sites (PICS) are Libya 4, Mauritania 1, Mauritania 2,
Algeria 3, Libya 1,and Algeria 5

*Due to the limited availability of ALI and Hyperion images over the CEOS PICS, only the following four sites
were chosenin this study: Libya 4, Mauritania 2, Arabia 1, and Sudan 1

Table 2. ALI, ETM+, MODIS, AND HYPERION images used for the study

WRS-2 ALI/ETM+/MODIS
Site Name AU e+ | mopis z
Path/Row same-Day Pairs
Libya 4 181/ 40 252 156 261 250 28
Mauritania 2 201746 102 133 261 92 10
Arabia 1 165 /47 157 161 220 155 2
sudan 1 177145 113 163 261 114 17

Libya 4 Mauritania 2 Arabia 1 Sudan1

Fig. 1. A sample image of the four PICS acquired using L7 ETM+ (note that the scales differ). It also
illustrates the rectangular region of interest (ROI) that were used within the image-pairs.

T profile at each sampled wavelength, weighted by the respective RSRas
descnbed above

oIV B, VOO 03 &AL 81 (Uned) _ CTWe 82, VODS B4 & AU 62 (Ubyet)

Fig. 3. ALI, ETM+, and MODIS measured TOA

trending over the Libya 4 site

. | *ALI TOA reflectance is denoted with green

oo, s % diamonds, ETM+ with blue crosses,and MODIS
e o, w0 2 0 oty re) with red squares

;u i, r

‘ i _ | *Overall, the long-term trends are extremely stable.
°: “M& Ak In addition to the possible calibration bias between
S we these sensors, the offset between the TOA
T 87, w005 87 & A 87 (Uoped) reflectance trends of AL|, ETM+, and MODIS are
u 'NA\‘AM\‘ A 1 :“ ‘ N | likely caused by a combination ofthe RSR
g TR foul “I¥ ‘“ﬁ VA | | differences, spectral signature of the target, and
ey ’-\‘-ﬁa-'\ s | the atmospheric composition during overpass
-

e 65, MOOS 06 & AL 83 (Uyst)
a

Therefore, the ratio of the two simulated reflectances gives a quantitative estimate of th
between the observed reflectance of the two sensors arising from mismatching RSRfor a given band

and target
! P RSRydJ

Paa)
f RSR d.

= RSR 3 ( 4yd2.
iy A A(A) A4

) U‘m_ RSRA(B)d).) / U‘ RSRMB)dA)

—* -
P A= Pi4)! SBAF

SBAF =

* asz. = Relative Spectral Response of the sensor [unitiess]

*,  =H TOA profil
* 5., =S TOA for sensor A
* 7., =Si TOAT for sensor B

= Compensated TOA reflectance for sensor A using the SBAF to match sensor B TOA
reﬂectance [unitless]
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Fig. 2 Comparison of RSRprofiles from the ALI, ETM+, and MODIS sensors along with the lifetime average
EO-1Hyperion TOA reflectance profile obtained for the four sites.

Fig. 4. Measured TOA reflectance ratio (ETM+/ALI)
over the four PICS. The plot also shows a
comparison of before and after SBAF
compensation.

Table 3. Comparison of the ALI and ETM+
measured TOA reflectances before and after
spectral compensation.
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Fig. 5. Measured TOA reflectance ratio
(MODIS/ALI) over the four PICS. The plot also
shows a comparison of before and after SBAF
compensation

Table 4. Comparison of the ALl and MODIS
measured TOA reflectances before and after
spectral compensation.

This study summarizes the cross-calibration of ALI, ETM+, and MODIS sensors on the “A.M.
constellation” train and explores the impact of spectral compensation on the data.

All the near-simultaneous mages over Libya 4, Mauritania 2, Arabia 1, and Sudan 1were selected over
the mission’s lifetime to perform cross-calibration between the three sensors.

Spectral issues with this werei and SBAFs for
analogous spectral bands where the speclral signature of the target was simulated using EO-1
Hyperion data.

The cross-calibration results showed the ALI agrees with ETM+ within 4%. Since the RSRof these two
sensors are very similar, the spectral compensation did not alter the results much.

However, dueto larqe differencesin the RSRbetween ALl and MODIS, the spectral compensation
resulted in signi inthe cro: ibration between ALl and MODIS. The results show
that the ALl agrees with MODIS within 5% (except Band 5).
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Geometric Assessment

o Completed using the Image Assessment
System (IAS) which was developed
for Radiometric and Geomeric
Characterization and Calibration for
the Landsat Program

Overview
Need for Cross-calibration

Cross-Calibration Methodology

o Co-incident image pairs from the two sensors were compared

Tie similar & differing sensors onto a common radiometric scale

® The cross-cal was performed using image statistics from large common areas observed by the two sensors

Provide mission continuity, interoperability, and data fusion

Define Regions of Interest over identical homogenous regions

Essential where on-board references are not available or where vicarious calibration is not feasible

- Critical to coordinate observations from different sensors, exploiting their individual spatial + Al ROIs have about 400 x 400 Landsat pixels (160000 points) and 214 x 214 AWIFS pixels (45796 points)
resolutions, temporal sampling, and information content to monitor surface processes + Bright and dark regions were selected to obtain a maximum coverage over each sensor’s dynamic range o Image to Image (I21) registration
+ All the saturated pixels and SLC-off pixels were discarded assessment ool
Calculated the mean and standard deviation of the ROIs - 12Lis usually performed to compare the  urors (Notethevectorscale: 1500,
\ 4 - Converted the satellite DN to TOA reflectance registration between o images Mean, i

One image is selected as reference and RVP with respect o GLS2000 dataset.

o Performed a linear fit between the satellites to calculate the cross-cal gain and bias another as the search image

4 Y Image chips are selected from reference

Catalog of Worldwide Test Site image and are correlated with

search image

‘The co-registration results provide an
insight to the relative accuracy of the
search image with respect to the

4 reference image

When the correlated points are plotted
in the image, it also helps to detect any
systematic bias in the image

Band to Band (B2B) registration
assessment ool

Vector scale: 12600

- B2Bis performed to ensure that the
proper band alignment parameters
are provided

The MS bands are
registered o
sub-pixel acouracy

- Itistypically done by registering each
band against every other band The resuks show that
lignment between

bands?2,3and 4isvery good, while the
aligamen errors vith band 5 re igher

15 T2 LT ETMe & P5 AYFS Image Pairs.

B2B registation residualsforthe AWFS
imagey acquiredover Sonoran site.

a A
Summa ® AWiFS Dual Camera Radiometric
) Consistency Check [within 1% in most cases]
o Cross-calibration between ETM+ and AWiFS
- Image-to-Image (12I) Assessment [B2=14.69%: B3=16.93%:
[registered to within one pixel] B4=13.04%:B5=3.11%]

- Banfi 10 Band (B2B) Assessment o Long-term TOA Reflectance Trending
[registered to within sub-pixel] [shows degradation]

¢ Geometric Assessment

AVFS Dual Camera Radiometic Consistency Check Comparison of TOA Longterm T0A g over Sonoransite
common o the ETMs and AWGFS sensors.

U.S. Department of the Interior March 2011
U.S, Geological Survey
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Comparison of Landsat 5 TM and IRS-P6 AWIFS images for Landsat Data Continuity Studies
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A gap in Landsat coverage during the next several years is a strong possibility because of
the current and potential operating problems of the Landsat 5 and Landsat 7 sensors. We
investigated the potential of Indian Remote Sensing Satellite P6 (IRS-P6) Advanced Wide Field
Sensor (AWIFS) data as a substitute for Landsat data. The AWiFS sensor has 4 bands at 56 m
resolution, which spectral detection ranges are very similar to Landsat bands 2-5.

Our study site was the common area of a Landsat scene and an AWiFS scene in the Los
Angeles, California, area (fig. 1). This area has a considerable amount of urban, forest,
agriculture, shrub, desert, and barren covers.

Californigh

Figure 1. (1) Map of the study area. The two frames outline the scenes of L3 TM (Path 41 Row 36) and IRS-P6 AWIFS
(Path 248 Row 45) images. (2) Landsat image with 500 manually sampled polygons. (3) AWIFS image subset

Landsat 5 Thematic Mapper (TM) and IRS-P6 AWiFS images were obtained for this site
(table 1). For the cross-sensor comparison, we used one Landsat scene and one AWiFS scene
acquired nearly simultaneously on May 29, 2007.

Table1. Listof L5 TM and IRS-P6 AWIFS images acquired for the study site

Path/Row Cloud  Sun Azimuth  Sun Elevation
Cover _Angle (degree) _Angle (degree)
P41R36 10% 112.6 65.9
PHIRS 20% 1146 66.1
P4IR3G  20% 118.1 66.7
P24SR45S  15% 129.9 725
2 31 P41R36 0% 115.0 65.8

TM 200906 19 P41R36 11% 111.1 65.9

1:1 £

All data were processed to top-of-atmosphere (TOA) reflectance. Normalized Difference
Vegetation Index (NDVI) was calculated for both 2007 images using the red and near-infrared
TOA reflectance data (Rouse et al., 1974 ). Scene-dependent relative radiometric correction was
developed by comparing 500 manually selected homogeneous polygons of two images (fig.1).
In addition, to evaluate the scene-dependent correction results, the temporally invariant cluster
(TIC) method (Chen et al. 2005) was used to investigate the NDVI relationships between the
two images. The independent correction functions from a previous study (Chander et al.
2009) were also used to compare with the scene-dependent method to determine image
agreement. During the image agreement assessment, TM and AWiFS TOA reflectance images
were resampled to 840 m resolution, which is the least common multiple of 56 m and 30 m
resolutions. The image agreement assessment method (Ji and Gallo, 2006) was adoptedto
evaluate the agreement between TM and AWiFS images. Two images have perfect agreement if
the Agreement Coefficient (AC) equals1; they have poor agreement if the AC value isless than
or equal to 0.

‘We resampled the relative radiometrically corrected 2007 AWiFS image to 30 m resolution
using the bilinear method. By investigating the bands’ correlation statistics of usable polygons
in the 2007 Landsat TM image, we chose the resampled 30 m AWiFS band 2 to simulate TM
band 1, and band 5 to simulate TM bands 6 and 7 because of their high correlations. Then, the
30 m Landsat-like AWiF'S image was generated and used in the Landsat Time Series Stack
(LTSS) from 2005 to 2009 for the Vegetation Change Tracker (VCT) model, which is a highly
automated algorithm to detect forest disturbance (Huang et al., 2010).
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Figure 2. Comparison between AWIFS and TM images based on 500 polygons in homogeneous areas. The
regression lines were generated by excluding the water, cloud, and saturated barren polygons
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Figure 3. TOA reflectance comparison of usahle polygons among original, scene-dependent, and scene-independent
relative radiometrically corrected images
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Figure 4. ND'| scatterplot and point density map of AWIFS vs. TM pixel pairs prior to relative radiomefric correction
The regression line is based on the Usable homogeneous polygons indicated in fig. 2 (slope = 1.022, intercept = —
0.014). The TIC centers and dense ridges of baen, shrub, sparse vegetation, forest, and agriculture lie on the
regression line. The integrated TM and AWIFS graphs are at 840 m resample resolution

Figure 5. Image agreement assessment among resampled 840 m resolution TM, AWIFS, scene-dependent calibrated
AWIFS, and scene-independent calibrated AWIFS images

G S
of TM image in 2007 Bands 4,

VCT outputs by LTSS from 2005-2009

VCT outputs by LTSS with the substitute of 2007 AWIFS
image (scene-independent correction)

VCT outputs by LTSS with the substitute of 2007
AWIFS image (scene-dependent correction)

Figure 6. Comparison of Vegetation Change Tracker (VCT) outputs using differert data stacks. The area includes a
fire scar area from a fire that burned in SaptemnEr 2006 (grey area in the false color :nmpnslte)

This poster indicates that we can effectively integrate AWiFS and Landsat data for long-
term land cover characterization efforts. In general, AWiFS provides slightly lower TOA
reflectance values than TM TOA reflectance for green, red, and NIR bands, especially for bright
targets. These differences should be considered and corrected if the data are to be analyzed in
conjunction with Landsat data. Landsat TM and AWiFS SWIR and NDVI data are very similar
and can be used together without major modifications depending on the application. Both scene-
dependent and scene-independent methods can be used to correct the systematic differences, but
some minor unsystematic errors cannot be removed during the relative radiometric correction.

The scene-def correction by h polygons matches well with the TIC
method by the density map of overlaid pixel valuesin TM and AWiFS images. These two
methods can be used to provide accurate correction when a base image is available. The scene-
independent method can be used to provide satisfactory relative radiometric correction when a
base image is not available, or if results are needed reasonably quickly.

The application of AWiFS data for VCT analysis showed that AWiFS has the potential to
substitute for Landsat data if appropriate Landsat data are not available. The data stacks that
incorporated AWiFS data generated similar disturbance results to those generated using the
LTSS. Future work is planned to adapt VCT for analysis using multisensor datasets.
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special issue was
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was published in Oct.
2010

For this edition, the domain of interest
IS limited to IVOS.

This special journal issue focussed on
how test sites provide important and
convenient post-launch means of
obtaining information to verify the
performance of sensors.

The paper submission
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Call for papers
Special issue of the Canadian Journal
of Remote Sensing

Terrestrial reference standard test sites for post-launch
calibration

Guest Editors
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This special journal issue will focus on
how inter-calibration and comparison
between sensors can provide an
effective and convenient means of
verifying post-launch sensor
performance and correcting the
differences.

v CALL FOR PAPERS \

IEEE Ti ions on and R Sensing
Special Issue on “Inter-Calibration of Satellite Instruments”
The ability to detect and quantify changes in the Earth’s environment using remote sensing is dependent upon sensors providing

accurate and consistent measurements over time. A critical step in providing these measurements is establishing confidence and con-
sistency between data from different sensors and putting them onto a common radiometric scale. However, ensuring that this process
can be relied upon long term and that there is physical meaning to the information requires traceability to intemationally agreed,
stable, reference standards ideally tied to the international system of units (SI). This requires robust on-going calibration, validation,
stability monitoring, and quality assurance, all of which need to be underpinned and evidenced by comparisons involving a reference
standard or sensor and a methodology with defined uncertainty (in an absolute or temporal sense). This process can be used to provide

calibrations to other sensors (i.e. Inter-calibration).

Inter-calibration and comparisons between sensors have become a central pillar in calibration and validation strategies of national
and international organizations. The Global Space-based Inter-Calibration System (GSICS) is an international collaborative effort initi-
ated by World Meteorological Organization (WMO) and the Coordination Group for Meteorological Satellites (CGMS) to monitor and
harmonize data quality from operational weather and environmental satellites. The Infrared Visible Optical Sensors (IVOS) sub-group
of the Committee on Earth Observation Satellites (CEOS) Working Group on Calibration and Validation (WGCV) extends this vision to
include all Earth observation sensors and satellite operating agencies. Inter-calibration techniques provide a practical means of correct-
ing biases between sensors and bridging any potential data gaps between non-contiguous sensors in a critical time-series and the inter-
calibration reference serves as a transfer standard. [t is expected that promotion of the use of robust inter-calibration techniques will lead
to improved consistency between satellite instruments, reduce overall costs, and facilitate accurate monitoring of planetary changes.

List of topics

Contributions for this special issue are welcome from the research community. This special journal issue will focus on how
inter-calibration and comparison between sensors can provide an effective and convenient means of verifying post-launch sensor
performance and correcting the differences. The guest editors invite submissions that explore topics including, but not limited
to, pseudo-invariant calibration sites, instrumented simultaneous nadir observations and other ray-matching comparisons,
lunar and stellar observations, deep convective clouds, liquid water clouds, Rayleigh scattering and Sun glint. The inter-calibra-
tion results should focus on rigorous quantification of bias and associated sources of uncertainty from different sensors, crucial
for long-term studies of the Earth. The goal of this special journal issue is to capture the state-of-the-art methodologies and

results from inter-calibration of satellite instruments, including full end-to-end uncertainty analysis. Accordingly, it will become
areference anthology for the remote sensing community.

Paper submission deadline: 31 January 2012
Submission guidelines

Normal page charges, peer-review, and editorial process will apply. Prospective authors should follow the regular guidelines of TGRS,
and should submit their manuscripts electronically to htp://me.manuscriptcentral.com/tgrs. Please indicate during your submission
that the paper is intended for this Special Issue. Inquiries with respect to the special issue should be directed to the Guest E
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Summary & USGS Key Involvement

e USGS has extensive internal capabilities and leads a number of
national and international calibration partnership and activities

e Lead a number of GEOSS Quality Assurance Strategy sub-tasks

e Landsat Cross-calibration Activities

¢ On-going Cross-calibration Activities:

e IRS-P6 AWIFS/LISS-III, CBERS-2/B CCD, ALOS AVNIR-2, UK DMC-1/2,
RapidEye Constellation, SPOT, Worldview, MODIS, ALI, THEOS MS sensors

¢ Planned Cross-calibration Activities

e Landsat TM/ETM+ with: LDCM, Sentinel, ENVISAT MERIS, AVHRR MetOP,
Cartosat-2, ResourceSat-2, CBERS-3, etc.

e Landsat archive and open data policy has enabled
growth and innovation in use and applications of land
remote sensing data

e Goal to establish an operational Landsat program
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