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Context

e With television, weather channels, Google Maps™ mappinP
service, and other day-to-day uses, satellite imagery has clearly
become part of mainstream information society

e Nevertheless, for most operational remote sensing applications,
critical issues remain with respect to the:

+ Reliability of supply
+ Consistent data quality
+ Plug-and-play capability

e Consistent data 3ua|ity Implies the adherence of data to
appropriate standards of fidelity to the underlying physical
guantities (reflectance, temperature, etc.) that they measure

e These well-calibrated data then assure the accuracy and enhance
the intercomparability that enables the use of advanced Earth
observation technologies to address societal benefits
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Scope of Test Sites

e Test sites are central to any future QA/QC strategy

e Test sites provide a convenient means of obtaining
Information to verify sensor performance

e Test sites are the only practical means of deriving
knowledge of biases between sensors

e Test sites allow, at some level, a means of bridging
anticipated data gaps caused by lack of measurement
continuity, due to lack of co-existent in-flight sensors
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Need for a Global, Integrated
Network of Calibration Sites

User communities increasingly rely on information products from
multiple satellite sensors

Better calibration can result from more postlaunch calibration
Involving standardized measurement protocols, instrumentation,
and processing

Field measurements remain resource-intensive activities

Less expensive complementary approaches can provide more
fre?uent calibration updates and enable the monitoring of sensor
performance trends, even without surface measurements

Future global monitoring systems, using increasingly comﬂlex
constellations of satellites with multiple sensors, such as the
Global Earth Observation System of Systems (GEOSS), will amplify
the need for this initiative to address global societal benefits
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Characteristics of Sensors which can
Benefit from Test Sites

e Gain e Geolocation

e Stability e Camera model

o MTF e Band-to-band

e Uniformity (Flat field) e Internal Geometry

e Stray light (Adjacency e Temporal effects
effects)

e Polarization

e Spectral

e SNR

e Algorithms
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Well-Established Site Selection Criteria
for Radiometry Test Sites

e High spatial uniformity over a large area (within 3%)
¢ Minimize misregistration and adjacency effects
e Surface reflectance greater than 0.3
¢ To provide higher SNR and reduce uncertainty due to atmosphere
e Flat spectral reflectance
¢ Reduce uncertainties due to different RSR
e Temporally invariant surface properties (within 2%)
¢ To reduce BRDF, spectral, surface reflectance effects
e Horizontal surface with nearly lambertian reflectance

¢ Minimize uncertainty due to different solar illumination and observation
geometry

e At high altitude, far from ocean, urban, and industrial areas
¢ Minimize aerosol loading and atmospheric water vapor

e In arid regions with low probability of cloud cover
¢ Minimize precipitation that could change soil moisture

A QUALITY ASSURANCI
FRAMEWORK FOR
EARTH OBSERVATION




Online Test Site Catalog

e The layout is set up to help the user quickly locate the
needed information available on the site
+ Drop-down menus list locations so the user may go straight to a specific site
+ A map with clickable links provides another way to go to sites
+ The maps include a world map, where the user selects a continent, and a map of
each major continent
e Each of the calibration site pages contains the same
fields for easy review

+ These fields include location, terrain elevation, center latitude/longitude, WRS-2

path/row, size of usable area, owner, researcher, purpose, description, support
data, suitability, and limitations

e Other features include

+ A small image of the globe depicting the position of the site
+ Satellite images of the test site

¢ Previous/next button

¢ Sample Landsat images and Google KMZ files
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http://calval.cr.usgs.gov/sites_catalog_map.php

USGS Home
Contact USGS
Search USGS

Remote Sensing Technologies - Satallite

Test Site Catalog

Catalog of World-wide Test Sites for Sensor Characterization

In an era when the number of Earth-observing satellites is rapidly growing and measurements from thess sensors are used to answerincreasingly
urgent globalissues, itis imperative that scientists and decision makers rely on the accuracy of Earth-observing data products, The
characterization and calibration ofthese sensors are vital to achieve an integrated Global Earth Observation System of Systems (GEQSS) for
coordinated and sustained observations of Earth. The U.5. Geological Survey [USGS), as a supporting member of the Committee on Earth
Observation Satellites (CEOS) and GEOSS, worked with partners around the world to blish an gnline Catalog of prime did ldwide
test sites forthe postlaunch characterization and calibration of space-based optical imaging sensors, The online Catalog provides easy public
Web site access to this vital information for the global community. Through greater access te and understanding of these vital test sites and
theiruse, the validity and utility ofinformation gained from Earth remote sensing will continue to improve.

More Info...
Contact Infarmation: Gy h Chander gchand v or Gregory L as stensazs@usgs.gov
Clickon Continentof Interest

Choose A Radiometric Ste™

Home

TestSite Gallery
Radiometry Sites
Geometry Sites

CEOS Reference Sites
Acronyms

References
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Since May 1, 2008

.5 Department of the Interior | U5, Geological Survey
URLhttp://calvalenusgs.aov)

Page Contact Information: srosweb@usgs.gow

Page Last Modified: March 8, 2003
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Test Sites Gallery

Remats Sensing Technalogies - Satellit=

Test Site Gallery

Gallery of Images for the Radiometry Sites

IChnusE A Radiometric Site "l

Home

TestSite Gallany
Radiomatry Sites
Geometry Sites

CEOS Reference Sites

Acronyms

References
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Radiometry Sites

Remotz Sensing Technologies - Satellite

Radiometry Sites

Radiometry Sites Resources

Radiometry test sites are core to any Quality Assurance/Quality Control [ Q4/QC) strategy. These sites
can be useful for stability monitoring and are essential forvicarious abselute calibration campaigns They
provide a conveniznt means of abtaining infarmation to verify sensorperfarmance Test sites arethe anly
practical means of deriving knowledge on biases between sensors and they allow, at some level, 2 means
of bridging anticipated data gaps caused by lack of measurement continuity, dusto lack of co-existent
in-flight sensars.

There are currently 47 Radiometric Sites and 4 Thermal Sites in the catalog. To view these sites, click on
a continent below, or select a location from the Radiemetric Site drop down boxto the right

Downloads

= Shape File for Radiometry Sites - Zip

* Google KMZ File for Radiometry Sites - KMZ
= Excel Filz for Radiometry Sites - Excel

|Choose A Radiometric Ste =]

Home

TestSite Gallery
Radiometry Sites

Geometry Sites

CEOS Reference Sites

Acronyms

References

LS, Department ofthe Interier | U.S. Geelogical Survey
URLshttp://calval.chusgs.gow)

Page Contact Infermation: eresweb@usgs.gow
Page Last Modified: March 8, 2009
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Radiometry Sites
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Online Catalog Example: _
Railroad Valley Playa, North America
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Online Catalog Example:
Libya 4, Africa

Site Location: Libya 4 [roem 2 Amtomere = 7]
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Online Catalog Example:
Dunhuang, Asia
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Online Catalog Example:
Amburla, Australia

Site Location: Amburla
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Online Catalog Example:

La Crau, Europe
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Online Catalog Example:
Barreal Blanco, South America

Site Location: Barreal Blanco
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Geometry Sites

Remote Sensing Technologies - Satellite

Medium Resolution Geometry
Sites

The geometric supersites are all built by mosaicking panchromatic Digital Orthophote Quadrangles (DOQs) that
have been reduced in resclution from 1 meterte 15 meters to match that of the ETM+PAN band, DOQs

themselves are designed to meet the national map accuracy standards at 1:24,000-sczle and have a horizental |[}mcse A Radiometric Site j
root-mean-square accuracy of approximately & meters, The term supersitz is onethe Landsat geometric Image
Assessment System [IAS) team has given to any WRS-Z path/row in which wall-to-wall coverage of DOQ s have

Home
been assembled for geometric characterization and calibration purposes,

TestSite Gallery
Therz are currently 20 Medium Resclutien Geemetric Sites in the catalog. To viewthese sites, clickon a

hyperlink {G] bzlow, Atthis time, the geametry sites are only overthe centinental United States, CONUS, Radiometry Sites

Geometry Sites
CEOS Reference Sites
Acronyms

Eeferences
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Ground Control Points (GCP)

72 GCPs selected over
Morrison, CO area

51 GCPs selected over Brookings, SD area
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Acronyms

USGS Home
tact USGS
Search USGS

' Aerial

Remote Sensing Technologies - Satellite

Acronyms
BLM Bureau of Land Management
CEOS Committee on Earth Observation Satellites |Choose A Radiometric Ste =

CNES  |Centre National d'Etudes spatiales (French)

DOI Diepartment of Interior Home

DOQQ | Digital Ortherectified Quarter Quad TestSite Gallery

EROS Earth Resources Observation and Science I

ry Sites
ETM+  |Enhanced Thematic Mapper Plus

Geometry Sites

G Geometric Site

GEOSS | Glebal Earth Observation System of Systams CEOS Reference Sites
L7 Landsac? Acronyms

NASA Naticnal Aeronautics And Space Administration s

NIR Mear Infrared

QAQC  |Quality Assurance/Quality Central

R Radiometric Site

SAIC Science Application International Corporation

SGT Stinger Ghaffarian Technologies

SWIR Shortwave Infrared

TED To Be Determined

USGS  |United States Geclogical Survey

WNIR Visiblete Near Infrared

WGCY | Working Group for Calibration and Walidation
WRS ‘Worldwide Reference System

.5 Diepartment ofthe Interior | LS, Geslogical Survey '-[ SA +
URL:http://calval.crhusgs.gow’ E__-Qﬂ"_ %
Page Contact Information: srosweb@usgs.gow Taxs P
Page Last Modified: March 8. 2009 il
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CEOS Reference Standard Test Sites

e The IVOS sub-group members established a set of
CEOS reference standard test sites

+ Based on the decision from the CEOS IVOS-19 meeting,
there are 8 instrumented sites and 5 pseudo-invariant sites

CEOS Reference Standard Test Sites
g Site Name Ce.nter CEI!IeI' POC Affilation Email
Latitude | Longitude
Instrumented Sites
1 Railroad Walley Playa | 38.50 -115.69 Kurtis J. Thame MASAGSFC kthorme@email. atizona. edu
2 lvanpah Playa 35.57 -115.40 Kurtis J. Thome MNASAGSFC kthomeif@email. arizona.edu
3 Lspec Frenchman Flat|  36.81 -115.93 Carol J. Bruegge MASALPL Carol.J. Bruegge@lpl. Masa. Gay
4 La Crau 43.56 4 .86 Patrice Henry CHES patrice. henryigicnes fr
5 Dunhuang 40.13 94.34 Auging Hu FISWACCRA, huxgEicma. goy.ch
6 Megey, Southern lsrael| 30,11 35.01 Arnon Karnieli Een Gurion University karnieligbou.ac. il
i Tuz Galuy 35.83 33.33 =elime Gural TUBITAK UZAY selime. guroliFuzay tubitak. gov.tr
8 Dame C -74.50 123.00 stephen YWarren University of Washington | sgwitatmos washington.edu
Pseudo-Invariant Test Sites
1 Libya 4 28.55 2339 Fatrice Henry CHES patrice. henryf@cnes fr
2 Mauritaniz 1 19.40 -5.30 Patrice Henry CHES patrice. henryigcnes fr
2 Mauritania 2 20.85 -8.78 Patrice Henry CHES patrice henryi@cnes fr
3 Algeria 3 30.32 /.Bk Fatrice Henry CMES patrice henryigicnes fr
4 Libya 1 24.42 13.35 Fatrice Henry CMES patrice. henryificnes fr
3 Algeria & 31.02 2.2 Fatrice Henry CHES patrice. henryiicnes fr
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CEOS Reference Standard Test Sites

e The CEOS instrumented sites are provisionally being called
“Landnet”

¢ These instrumented sites are primarily used for field campaigns to
obtain radiometric gain and these sites can serve as a focus for
international efforts, facilitating traceability and cross-comparison

to evaluate biases of in-flight and future sensors in a harmonized
manner

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

+ Consequently, these pseudo-invariant reference standard test
sites can be used to evaluate the long-term stability of a sensor
and to facilitate cross-comparison of multiple sensors
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“Instrumented” Sites (Total=8)
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http://calval.cr.usgs.gov/sites_catalog_Railroad_Valley_Playa_photos.php
http://calval.cr.usgs.gov/sites_catalog_Ivanpah_Playa_photos.php
http://calval.cr.usgs.gov/sites_catalog_lspec_photos.php
http://calval.cr.usgs.gov/sites_catalog_dunhuang_photos.php
http://calval.cr.usgs.gov/sites_catalog_negev_photos.php
http://calval.cr.usgs.gov/sites_catalog_tuzgolu.php

“Pseudo-Invariant” Sites (Total=5)

e Libya4

e Mauritania 1/2
e Algeria 3

e Libyal

e Algeriab
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http://calval.cr.usgs.gov/sites_catalog_libya1_photos.php
http://calval.cr.usgs.gov/sites_catalog_algeria3_photos.php
http://calval.cr.usgs.gov/sites_catalog_algeria5_photos.php
http://calval.cr.usgs.gov/sites_catalog_libya4_photos.php

(%uestionnaire for Information Regarding
e Cal/Val Test Sites

L

IVO-CSP-001

1
A

+ the semplats 1o collss and
a Land bused fest site susable for calibrating mnd validsing the radiometric
Proxpe ghi seellae/mrraf imaping cptical semsor. The bemplac is stroctiired @ o series
Agpendix - Template for CECS reference sandand e sse ] s, wccomibilty m well =
<harmteriatics have been o
1 e locstion 10

dly designed foe sites which me reg

oy
1L BdentiScation s <humacterit 1 instramersed and are

(CECS} Wos
LLL  Site Name L] .
Questionnaire for information regarding the CEOS WGOV IVOS present there are eight such site
112 Locto 1 Seryrin the needs of the La

subgroup CalVal test sites for land imager radiomet ric gain

mained in this document shoald

: : "‘:JL' arth i (L1 dgrve wround the sibe conir : 5 10 join this grop. The cerment sight CEOS instrumented reference andard test din
QAJEO-WGCV-IVO-CSP-001 113, Descrigtion of the ladscape

Ballro:

Vulley Playa, NV, USA. Noth Amseeica

vampal, KVICA, USA, B

h Americn

" Lapec Frenchman Flat, NV. USA. Sonh Amesica

La Cram, France, Hurope

Trunhuang, Gobi Desert. Gans Province, China, Asia
So—
i IVOS test slie queestionnalre: QASEC WGCV-IVO-CH-001
™ L. Site location
DN St slbedo curscteriaicn o
. Identification and characterisation
13T Surface reflectmcs <hamactaristice .
333 BROF for specitic angles) 13 o LLL Site Name
114, Suface reflectmce — varisbisty nerow site (i formity) (%4) " I
§ Se mtmetation (Nomimaly 1 o Locs
Questionnaire for information regarding the CEOS WGOV IVOS subgroup 41 Meteorologscal mestrumentation (list) "
Cal/Val test sites for land imager radiometric SLL Meteo mution (Tempernture, pressure, bumidity) 1"
] Phrvicomtis " 113, Google Earth Image (151 degree around the site center)
013, Anemometer "
2 Ao rL— Altitude
N 11 Atmospheric mstrumentation " Al
P Inmrmess wsed for sesoscl chanses 1"
Tiimed under Auibestty of Instrusment e for ssaface sradiance chanteriasion " 115 Description of the landscape
Instrument e o water vapour content ¢huracterisaion 1
o 01 mesface imstrumereation 15 T T
— 430 Dsromen msed for reflectance madiance camcerission 1
413 [mnnes med for BRT s
5 o0 st o e wie 16 117 Topography
S0 Insmumen 1
52 Mmsmined (source and commitmens of fundirg). 1 1.2.5ite view
53 Regsbuly vi 1
6 Siewape 1"
~ G 5
Himoncal record of compagisons (ground. aircreh and smelite) 1" 2. Lagatic infbrmation
Date | sensor | ocation of resubt " 2.L.Slle prosim
Reguduity of satellita daen (1 knw "
64 Suielie md sensor 3 1"
1 n . 22 Access
Comtact isfommation 1
T Point of Contct (Nane end address) "
72 Insrumenistion maismance " 23, Nearest town
i - . Questionmuire for Cal Val test site charscierisarion for land imager mfiometric gaim i - .
uestionmire for CalVal test sile charcterisation for land imager madiometric gaim estionmmire for Cal Val test st characterisation for land imager rdis
; g 2 et QALED WGV VO OS5 001 ' = ICCVIVO-CIP.
ot QALK VO .CsI 00 1 - QALED WGV VO OS5 001 0
JUALITY ASSURANCE
A . SSUR AN
Z LAMEWORK TOR
L FR CRK FOR
: IBSERVATION
i EARTH OBSERVATIC




La Crau, France

= L]

QA4L@®

CEOS WGCV IVOS

anaire for
subgroup CalVal test sites for land inager radiometric gain

QAIEO-WGOV-IVO-CSP-001

Name of sit

4 Crau

IVOS best slic questionnalre: QAEC-WGEV-IVO-CSP-001
3. Site Climatology

31 General

3L1L Anm

pluviometry

IVOS est slfe questisonalre: QAJEC WGV IVO-CSP-001

L. Site location

dentification and characteriation

LL1 Site Name

La Crau

Location

Latituda 43° 330

Longitude 4* STW

L15. Geogle Earth Image (18] degree arvund the site contery

L14. Altinsde
1am

Cuestionnaire for Cal Val test site chamcierisation for land imager mdiometric gun

VO test slie questisanalre: QASRC-WGCV-IVO-CSP-001

333, BRDF or specific anghes)

Figure & Cimel instnument
4.2.1.2. Route af traceability

42,03 Measurement protocel
LLERL Scamning mods

A #00m aa the sy mass resches my=3, thes the scanmisg protocol, Mastratid s
figure 2. begins:

Figues 7: Potar diagram of the L i Solat
Poskion |5 reparied on ifie z-axis (R. Santer)

The La Cran BRDF ssbwtsuially depans fron
offect o bow sl alivatio

Lambensn suface with a qule

333 LInsdrument used

Cuestionnuire for CalVal test site charcieristion for lnd imager mdiometric gam

QALED

ATONS

IVOS test slie questionnaire: QAAEC- WGCY-IVO-CSP-001
6.2.Dute / sensor | lacation of resilts

6.3, Regularity of satellite data (if known)

A Satellite and semsaor 11}
ALCIS dinty bwe i the calval portal

7. Contact information

T.L.Point of Contact (Name and addres)

Fairice HENRY
CNES . DETSIMG
18 v, Eduard tiedin

31401 Toulouse Cedes 4

FRANCE
Tk 420 801 74712

Fan: <33 861 272 613

Emall ¢

72, Instramentation maintenance

for CalVal test site o

for lmd imager radiometric gum
QAMED WECV VO,

Sp001

A QUALITY ASSURANCE
FRAMEWORK FOR

EARTH OBSERVATION

28



Summary

e The test site catalog provides a comprehensive list of prime
candidate terrestrial targets for consideration as benchmark sites
for the postlaunch radiometric calibration of space-based optical
sensors

e The online test site catalog provides easy public Web site access
to this vital information for the global community

e The incompleteness of available information on even these prime
test sites is an indication that much more coordination and
documentation are still needed to facilitate the wider use of
calibration test sites in remote sensing
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Proposed Future Plans

e Gather complete site characterization data and information
¢ Define core measurements (eg. Instruments)
¢ Develop protocols and fund pilot projects
¢ Create an operational network of land sites (“Landnet”)

e Encourage agencies to acquire, archive, and provide data to the Cal/Val
community over CEOS sites
¢ Use radiometric gain and stability as an immediate priority
¢ Develop online calibration data access infrastructure
¢ Create tools to identify the potential co-incident image pairs (NASA SEOQO)

e Integrate the catalog into the CEOS EO Cal/Val portal

e Establish traceability chain for primary site data & “best practice”
guidance on site characterization and its use
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Back-up Slides
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Radiometry Sites

Center Upper Left Corner | Upper Right Corner | Lower Left Corner | Lower Right Corner | Landsat WRS-2
# Site Name Latitude | Longitude ] Latitude | Longitude |Latitude | Longitude | Latitude | Longitude | Latitude | Longitud Path Row
1 Algeria 3 30.32 7 BB 31.24 5296 3.7 8.33 29.31 B.02 2935 8.34 192 39
2 Algeria 5 31.02 223 31.25 1.36 31.25 3.72 2933 1.40 2934 3.71 195 39
3 Arnburla -23.29 13312 -22.16 131.62 -22.18 133.77 -24.04 131.57 -24.07 13375 103 76
4 Avrahia 1 18.858 46.76 19.73 46.59 19.70 45.69 17.86 46.57 17.83 43,65 164 47
5 Avrahia 2 2013 50.96 21.17 49.97 21.17 22.11 19.25 49.95 19.258 52.10 162 46
6 Barreal Blanco -31.86 -69.45 -30.79 -69.98 -30.79 -67.52 -32.71 -70.00 -32.70 -67.58 232 g2
7 | Bonneville Salt Flats 41.00 -113.587 41.27 -114.96 41.34 -112.22 39.31 -114.85 3937 -112.18 39 32
8 Dunhuang 40.13 94.34 41.30 93.75 41.25 96.41 39.32 9373 3935 96.31 137 32
9 Dunrabin 2267 146.13 -22.17 145.51 -22.17 147 68 -24.06 145.49 -24.06 147 .69 94 76
10 Egypt 1 2712 26.10 28.37 2539 23.38 2767 26.46 2541 26.47 27 BB 179 4
11 Egypt 2 2294 2879 24.06 27.48 24.04 2965 2218 2747 2216 29.62 177 44
12 lvanpah Playa 35.57 -115.40 7. -116.07 36.98 -113.58 351 -116.09 3507 -113.66 39 35
13 La Crau 43.56 4.86 44,16 3.44 4411 6.24 4224 3.43 4220 6.14 196 30
14 Lake Frome -30.85 13967 -29.34 139.00 -29.35 141.31 -31.23 138.96 -31.25 141.32 97 a1
15 Libya 1 24.42 13.35 25.45 12.34 2551 14.57 2358 12.38 2360 14.58 187 43
16 Libya 2 25.05 2045 2549 20.07 25.48 2229 2359 20.09 2389 2. 182 43
17 Libya 4 28.55 2338 29.82 2269 2977 24.96 2785 2266 2790 24.89 181 40
18 Lunar Lake Playa 35.40 -115.99 39.86 -116.82 39.83 -114.21 3785 -116.82 379z -114.29 40 33
19 hali 1 19.12 -4.85 19.72 -5.97 19.74 -3.84 17.81 -5.94 17.83 -3.83 198 47
20 Mauritania 1 19.40 -9.30 19.73 -10.62 19.73 -5.49 17.83 -10.60 17.84 -8.50 2m 47
21 Mamib Desert 1 -24.98 15.27 -23.61 13.84 -23.61 16.04 -25.80 13.82 -25.80 16.06 179 77
22 Mamib Desert 2 -17.33 12.05 -16.42 10.93 -16.39 13.04 -18.33 10.95 -18.29 13.08 182 72
23 Miger | 19.67 9.81 2117 826 2117 10.40 19.25 8.27 19.25 10.35 189 46
24 Miger 2 21.37 10.59 2261 10.158 2288 12.32 2073 1016 2070 12.28 188 45
25 | Railroad Valley Playa | 35.60 -115.69 39.86 -116.82 32.83 -114.21 3785 -116.82 I7e2 -114.29 40 33
26 Rogers Dry Lake 34.96 -117.86 35.56 -119.60 35.88 -117.10 3363 -119.584 3366 -117.10 41 36
27 Sechura Dasert -5.80 -80.43 -4.85 -80.75 -4.84 -78.75 -6.73 -80.75 -6.72 -78.74 10 G4
28 Sonoran Dasert 32.38 -114.65 3270 -115.64 3266 -113.29 30.82 -115.67 3078 -113.37 33 33
29 Sudan 1 21.74 2822 2261 2716 2288 28.31 2072 2715 2071 29.28 177 45
30 | Taklarnakan Desert 38.83 8017 41.29 79.77 41.28 82.47 32.36 79.81 3936 82.43 146 32
E) | Tinga Tingana -25.00 139.86 -27.91 139.35 -27.92 141.67 -29.81 132.35 -29.82 141.658 97 a0
32 Uyuni Salt Flats -20.38 -66.95 -19.29 -68.55 -19.28 -66.42 -21.20 £5.55 -21.18 -66.39 233 74
3 Warrahin -26.28 14365 -25.05 143.29 -25.08 145.49 -26.91 143.23 -26.95 145.46 95 78
34 White Sands 32.92 -106.35 34.12 -107 .64 34.15 -105.19 3220 -107.58 3222 -105.18 33 37
35 Winton 2282 14294 -22.18 14239 -22.14 144,589 -24.09 142.41 -24.06 14464 96 7B
36 VYemen Desert 1 16.87 47 85 18.29 46.29 18.27 45.38 16.42 46.28 16.40 48.34 164 48
7 Daorne C -74.80 123.00 -73.47 118.25 -73.49 127.08 -75.86 117.46 -75.88 127.76 89 13
I8 Tuz Golu 38.83 3333 32.88 31.29 39.88 34.27 37N 31.43 kri=ll 3424 177 33
39 Algeria_1 23.80 -0.40 24.08 -1.91 24.04 0.47 2218 -1.93 2214 0.42 196 44
40 Algeria_2 25.09 -1.38 26.96 -2.80 26.94 0.37 25.04 -2.81 2502 -0.41 197 42
M Algeria_4 30.04 5.59 31.29 448 31.24 5.98 29.39 4.43 2934 6.91 193 32
42 Miger_3 21.57 798 2263 698 2264 9.35 2069 7.0 2071 9.35 120 45
43 Libya_3 23.15 23.10 24.08 2282 24.03 2517 2218 2279 2213 2511 180 44
4 Mauritania_2 20.85 -3.78 2118 -10.33 21.18 -7.99 19.26 -10.32 19.27 -3.00 2m 46
45 Makhtesh Raman 30.59 34.64 .28 33.80 31.24 36.34 29.37 3378 2934 36.27 174 39
46 | Lspec Frenchran Flat| 36.81 -115.93 38.45 -117.30 30.42 -114.50 36.50 -117.30 36.48 -114.56 40 34
47 Megey 3011 3501 .28 33.80 31.24 36.34 29.37 3378 2934 36.27 174 39
48 Thar Desert 27.63 71.86 28.40 7017 28.368 72.63 26.49 70.15 26.45 7257 150 41
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Prime Candidate Earth Target Types

e Including only playa (dry lakebed), salt flat, and desert sand sites

e Snow fields are excluded primarily because high surface reflectances are more
sensitive to variations in atmospheric particle size distribution and because they are
usually located at latitudes characterized by high solar zenith angles

e \Vegetation targets are excluded because they are subject to phenological changes as
well as strong reflectance anisotropy effects

e Water targets are excluded because low surface reflectances are more sensitive to
atmospheric path radiance and because of sun glint

e Other target types (uniform cloud cover, atmospheric scattering, ocean glint) are
excluded because more specialized analysis is required, not in keeping with operational
use of benchmark test sites
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Calibration Site Categorizations

e Absolute Calibration (A) - An absolute calibration site is a location
where in situ ground measurements of key physical parameters are
acquired by calibrated ground instruments, allowing a detailed
comparison of the ground instrument results to those of an orbiting
sensor

e Pseudo-Invariant Calibration (l) - A pseudo-invariant site is a location
on the Earth’s surface that is very stable both temporally and spatially
over long periods of time and over significant spatial extent. These
sites are typically located in desert regions that receive little rainfall
and have few surface features

e Cross-Calibration (X) - A cross-calibration site is a location on the
Earth’s surface that contains large homogeneous regions that are
viewable by two or more satellite sensors within a relatively short time
period
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Provisional Calibration Site Categorizations o
A=Absolute I|=Pseudo-Invariant X=Cross-Calibration

) ] WRS.2 | wRrs .2 }'-\h:solu.te Pseu.(lo- C.ross.-
# Site Name Path Row Calibration Invariant Calibration
(A} Calibration {1} (X}
1 Algeria 3 192 39 | X
2 Algeria 5 196 39 | kS
3 Amburla 103 76 A, X
4 Arabia 1 164 47 | LS
5 Arabia 2 162 46 | kS
6 Barreal Blanco 232 52 A, LS
7 Bonneville Salt Flats 39 32 E
8 Dunhuang 137 32 A H
9 Dunrobin 94 7B A S
10 Egypt 1 179 41 | kS
11 Egypt 2 177 44 | X
12 lvanpah Flaya 39 35 A H
13 La Crau 196 20 A kS
14 Lake Frome = g1 | LS
15 Libya 1 187 43 | X
16 Libya 2 182 43 | LS
17 Libya 4 181 40 | LS
18 Lunar Lake Playa 40 33 A *
19 hali 1 198 A7 X
20 Mauritania 1 201 47 | LS
21 Marnib Desert 1 179 trd | LS
22 Marib Desart 2 182 72 | kS
23 Miger | 1849 A6 | X
24 Miger 2 188 45 | b
25 | Railroad Yalley Playa 40 33 A H
26 Rogers Dry Lake 41 36 A *
27 Sechura Desert 10 [=F] | E
28 Sonaran Desert 38 35 | h
29 Sudan 1 177 45 | LS
30 Taklarmakan Desert 146 32 | LS
31 Tinga Tingana 97 50 A *
32 Uyuni Salt Flats 233 74 | B
33 Warrahin == 78 A LS
34 White Sands 33 ar A, kS
35 YWyinton =[] 76 A, %
36 Yemen Desert 1 164 45 h
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Test site as a reference standard!

e For example in the context of radiometric gain:
Internal Calibrator, Solar Diffuser, Rayleigh scattering,
clouds, sun-glint are all equally applicable methods

+ Test sites and their use is really a methodology which in
turn is one of many potential methods

e In that context, test sites become a means to achieve
an objective and should really be defined as
“reference standards” to facilitate an activity
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Special Methods

Rayleigh Calibration Sites — Choice of oligotrophic areas with 2
years of SeaWiFS data made in 2001 with ACRI and LOV
(CLIMZOO zones)
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Template for information re

CEOQOS IVOS Cal/Val Test Sites

Template for information regarding the Committee on Earth Observation Satellites (CEOS)
Weorking Group on Calibration and Validation (WGCV)
Infrared and Visible Optical Sensors (IVOS) Cal/Val sites

1. Purpose of the Site

2. Core Site
o Need a conventional name.

Location (City, State, Country)

Altitude above sea level (meters)

Centre Latitude/Longitude (degrees)

Sizefshape of usable area (meters) — indicate North direction and major and minor

dimensions as appropriate

Point Of Contact (POC): name, address, email, phone and fax

3. Description of Site
Percent vegetated
Percent water cover
Vegetation types
= Light scrub / heath
= Grassland
=  \Wood / forest

= Mixed
Soil type

= Desert

= Playa

*  Dunes

= Salt flat

= Snow field

= Stony
Water type

=  QOcean

= Coastal

*  Lake
Other types

= Urban

= Asphalt

= Corncrete

4. Picture(s) Including Surroundings
Google (to be updated regularly if necessary)
Digital topographic data screenshots (SRTM/GTOPO30)
Moderate and high resolution data screenshots (Landsat/SPOT/DMC)

5. Current Status of the Site
Instrumented
Maintained
Regularly visited (state frequency)
= Human
= Satellite
= Aircraft
*  Automated
Source of funding for maintenance
Open access (to other teams)

Flease send any comments to Gyanesh Chander (gchander@usgs. gov)

garding the

6. Surface Measurements
> Meteoroclogical instrumentation (list)
Historical record of site from (year)
Average number of days with clear skies
Seasonal constraints

7. Data Policies (in-situ and/or satellite)
Data availability
Data format
Data access
POC
Data tractability

8. Surface Characteristics — Surface Measurements
Instrumentation description used by site "owner”
= Route of traceability
= Estimated uncertainty of reflectance/radiance at surface
= Public reference / evidence / uncertainty breakdown
Estimated uncertainty of reflectancefradiance at TOA
= Public reference / evidence / uncertainty breakdown
Sampling strategy
Surface reflectance — variability across site (uniformity) (%)
Average site reflectance plot (calibration site)
= At nadir
= BRDF (or specific angles)
o Principal site reflectance plots (validation site)
= At nadir
= BRDF (or specific angles)
Site stability (measurement variability)
= Visit-to-visit
=  Longterm
Surface elevation and slope (angle and direction) - DEM
Atmospheric stability (aerosol loading and water vapor content)
MNumber and availability of well surveyed points

9. Site Usage
o Historical record of comparisons (ground, aircraft and satellite)
s Dates [ sensors [ location of results
Regularity of satellite data (if known)
= Satellite and sensor ID

10. Auxiliary Data
o Landsat WRS2 Path/Row
= NW Corner Latitude/Longitude (degrees)
= NE Corner Latitude/Longitude (degrees)
=  SW Corner Latitude/Longitude (degrees)
= SE Corner Latitude/Longitude (degrees)
Polygon Vertices

Flease send any comments to Gyanesh Chander (gchander@usgs.gov)
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CEOS WGCV Subgroups

Dr. Changyong Cao (NOAA/NESDIS)

Dr. Nigel Fox (NPL) Prof. Jan-Peter Muller (UCL)

Dr. Satish Srivastava (CSA) Christopher Buck (ESA)

Dr. Fred Baret (CNES) Dr. Bojan Bojkov (UMBC/NASA)

5
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Terrain Mapping Subgroup (TMSG)

e Montagne Sainte-Victoire
¢ France referred to as Aix-en-Provence
¢ 5.528-5.685°E, 43.502-43.560°N
¢ mixed arable, forest, limestone
e Barcelona, Spain
¢ 1.5-2.75°E, 41.25-41.82°N
¢ urban, mixed arable, forest
e North Wales,
o UK3-5°W, 52-53.5°N Sereenshots

from ICEDS
¢ urban, pasture, forest extracts

e Three Gorges, China
¢ 108.252-111.302°E, 30.638-31.229°N
¢ forest, arable, limstone shales

e Puget Sound, WA, USA
¢ -121.397 t0 -123.897°W, 46.364-48.864°N
¢ forest, urban, wetlands
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Synthetic Aperture Radar (SAR)

e International Amazon Rainforest Site N
. . . . ) T RS
¢ A CEOS radiometric calibration reference site | i 8 SERSER

¢ Data routinely collected and analyzed for
calibration monitoring of SAR satellites
including RADARSATSs g

¢ Radiometry of the site remains stable

e Canadian Boreal Forest Site .

+ Radiometric characterization completed at C-

band using RADARSAT-1 data T NG e
+ Site seasonally dependent y . N
¢ Can be used as a complimentary site to the _ = a; '
_Amgzon but with reducgd radloznetrlc accuracy | -:_hi—mj h
e Calibration Transponder Sites *ﬂ, .t;ﬁ-::_'#_;* N
' o
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SAR Cal/Val Test Site: Amazon Rainforest

~

CEOS WGCV 2004 g
UL: - 5.03, -.65.67; LR - 9.12% 69,64 degg

Isotropy i)
Temporal stability
Spatial uniformity. -

Well characterized
radiometrically

1978 Seasat (L)

1985 SIR-B (L)

1991 ERS-1 (C)

1992 ERS-2 (C)

1994 SIR-C (X)

1992 JERS:1 (L)
« 1896 RADARSAT:1 (C)
. 2002 ENVISAT (C)L.
i 2006 PAESAR (L) °

_ Bor ' % T Y o 2 2008 RADARSAT-2 (C):2 =2

CSA Amazon Data Reeord:. 10 ye’ars'-s;..,;.;:_-. el =
~ (1600 RADARSAT-1 acquisitions to date) '
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Experimental SAR Cal/Val Test Site: Boreal
Forest, Canada

 CSA campaign started Jan 2003

» Elevation beam pattern extractions
began Dec 2004 using seasonal y
references for summer and winter

10° 49°

o Support for prime calibration area
(Amazon) with non-OBR, real-time
acquisitions

» Allows frequent calibration
assessments (higher latitude)

e Used for W2 recalibration in 2006

e CEOS SAR Workshop 2006, "RADARSAT-1
Elevation Beam Pattern Extraction using the

Canadian Boreal Forest: Update and Application", s.
Cote, P. Le Dantec, T.l. Lukowski, R. K. Hawkins, S. K. Srivastava
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C-Band Transponder Sites in Canada: from
CSA-only to CSA/ESA Sites

. In Fall BW@EAT ASAR Imag

ESA p- 1)
relocated ‘ 4
an Envisat

: ASAR
- Another Envisat ASAR Transponder was Transponde

relocated in Ottawa in 2007, again in vicinity of a rin
RADARSAT Transponder Resolute
Bay in
vicinity of
the
RADARSAT
Transponde
]

. Both

x| ua transponde

e I rs can be
used
simultaneo
usly by
Envisat

Two potential sites in Canada for inter-sensor

comparisons for C-band SARs

(RADARSAT-1, Envisat and RADARSAT-2)
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Microwave Sensors Subgroup (MSSG)

e Sandy desert (e.g. Sahara)

¢ Deep penetration depth, temporal stability of the Tb,
underground structure TBD

e Rocky/mixed desert (e.g. Gobi)
+ Shallow penetration depth, azimuthal effects and vegetation
e Rainforest (Amazon)

+ Volume scatter, effects of rain cells on the canopy
equivalent moisture TBD

e Stable ocean areas
+ Effects of the wind/salinity at L-band TBD

e Antarctica

+ Dry atmosphere, large penetration depth & temporally
stable, low azimuthal anisotropy
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Land Product Validation (LPV)

e CEOS Benchmark Land Multisite Analysis and Intercomparison of
Products (BELMANIP) - http://lpvs.gsfc.nasa.gov/

*f P ; Aot

Tam

3 .2 \ . \‘-" |

nr r Tor o

Ciopm Givex

e Map of sites covered by the groups represented in this paper (given on a
%Iob_al map of dominant surface types in each 1 x 1 cell (bare soil, water
odies, deciduous broadleaf forest, evergreen needleleaf forest,
evergreen broadleaf forest, crops, grass)
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http://lpvs.gsfc.nasa.gov/

Land Product Validation (LPV)

e CEOS Benchmark Land Multisite Analysis and Intercomparison of
Products (BELMANIP)

e ‘Direct’ sites
¢ No necessity for high spatial homogeneity (non linearity as a function of

heterogeneitgg, but homogeneity at medium resolution (geometrical
accuracy, PSF)

¢ Flat site

+ Element of an ensemble to sample different vegetation types and
conditions

¢ Currently about 100 sites identified, but only a fraction with accessible
information... List under compilation

e ‘Intercomparison’ sites
¢ Homogeneity at medium spatial resolution
¢ Flat site

¢ Sampling all conditions (BELMANIP accessible at LPV web site, but must
be revised)
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Atmospheric Chemistry (A

C)

NDACC Sites

|
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