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Background

• The value of Sentinel-2 data, to the Landsat “world”, 
will be entirely dependent on the cross calibration to 
Landsat 8 OLI.

• SDSU activities in pre-cursor  cross-comparison 
between the two sensors involve
– Investigation of spectral differences between the two 

sensors over several bright and dark Pseudo Invariant 
Calibration Sites (PICS) 

– Identifying the suitable targets for potential underfly to 
perform x-cal studies

– Development of Improved PICS-based absolute calibration

– Improved Vegetative (Dark) Target calibration

– Relative Radiometric Gain Characterization



PICS-based calibration update
• PICS based calibration has become a mainstay for vicarious 

calibration of optical sensors including:
 Long term stability monitoring

 Cross-calibration among different sensors

 Development of absolute calibration models

• As a preliminary study, several PICS have been identified for 

potential X-cal studies and the spectral band differences 

between OLI and Sentinel-2 were analyzed using EO-1 

Hyperion over different targets.

• An absolute calibration method has been developed at SDSU 

for Libya 4 target using a calibrated radiometer and has 

validated with several sensors, and is being extended to 

Sentianel-2 bands.

• Development of an absolute calibration model based on first 

principles is underway with field measurements over 

Algodones Dunes.



Dark Targets (dark PICS and vegetative targets)

Algodones Dunes 
(Medium Bright PICS) Libya 4 (Bright PICS)

Y = m*X + c

Improved Cross calibration approach 
for solar reflective bands

• For ground reflected solar bands
 Provide a two point cross 

calibration that include bright 
and dark PICS along with 
characterized vegetated targets

 Use a linear regression but  
weigh the regression line with 
the uncertainties. 

• For bands that are highly infused 
by atmospheric scatter or 
absorption SDSU in conjunction 
with NASA LARC developed a 
Deep Convective Cloud (DCC) 
based inter-band calibration
 Using hyperspectral data to do 

a inter-band cross calibration, 
using VNIR bands to calibrate 
CA and Cirrus Bands.

• Sentinel-2 doesn’t have a 
thermal band. 



Potential PICS for 

cross-cal study

• The PICS are well characterized 
using several well-calibrated 
sensors such as MODIS, TM, 
ETM+ and OLI.

• OLI stability over some of 
the top PICS indicate sub 
1% radiometric stability.

• Therefore these PICS are 
recommended to perform the 
cross calibration studies even 
if the image pairs are non-
coincident

Temporal trends of OLI over Libya 4



Enhancement to PICS - Dark sites

• Waw an Namus (volcanic field and 
oasis) located near geographic center 
of the Sahara Desert in WRS-2 
184/043

• Extends up to 10-20 km. Small water 
body around(oasis), so small test ROI 
of about 2.5 km * 2.5 km was chosen 
for analysis.

• Hyperion is acquiring the target to 
understand the spectral behavior of 
the field. 

• OLI trends observed over the site 
showed good temporal stability

– <3% for CA, Blue and Green  

– 3%-5% for Red, NIR and SWIRs

• Addition of Dark (0.05-0.15 
reflectance)  to our PICS catalog has 
greatly improves the lower dynamic 
ranges calibration / validation.

Identification of Dark PICS



The Need for SBAF - RSR comparisons

• Red bands of the two sensors 
appear to have a lower spectral 
overlap , compared to other bands 
in the visible region 

• Multiple NIR bands in Sentinel-2
• Spectral responses  match closer 

for NIR, SWIR and Cirrus bands

The response of some bands are very similar while others are quite different, SBAF 
compensation will be necessary to evaluate true calibration differences



SBAF - Long term Stability of Hyperion

In order to do a SBAF correction hyperspectral data is needed for calibration site.  

Only instrument currently collecting is Hyperion. therefore the stability of the sensor 

is crucial to the study.

• Its long term stability is monitored by trending it regularly over PICS.

• Acquires images regularly over Libya 4 PICS and had off nadir capabilities too

• Trends spectral regions with high transmittance SWIR channel indicate the 

sensor to be stable than sub 1% when nadir scenes are used. 



SBAF - Long term Stability of Hyperion
• The alternative way to understand the assess the stability of Hyperion is to perform a SBAF time 

series study.
 Figure shows the SBAF (OLI/S2) stability is better than 0.1% for last 12 years (except for blue band) 

 This would also mean that constraint on simultaneous image pair based cross calibration can be relaxed 

to take advantage of the long term stability of the site, 

 Stability also reduces the impact of an eventual loss of Hyperion



SBAF – Spectral signature impact on 

cross calibration.
• Hyperion acquisitions over 

different land cover types 
were used.
 Bright Deserts PICS (Libya 4, 

Algodones Dunes)

 Medium Bright Playa PICS 
(RVPN)

 Vegetation (Oregon Forest, 
SDSU test vegetation site)

 Snow (Dome C)

 Dark PICS (Volcanic field in 
Libya)

• The spectra was banded 
by the RSRS of the two 
sensors to calculate the 
SBAF for these targets.



SBAF - Predicted Spectral Differences for Cal-sites 
• Multiple Hyperion acquisitions over various targets indicate that 

• For OLI versus Sentinel – 2 
 SBAFs are close to one for Coastal Aerosol, NIR and SWIR bands

 But the response for Blue and Red will differ by about 3-4% due to spectral filter differences

• For ETM+ versus Sentinel – 2 
 SBAFs correction is much more important with differences as great as 12% due to spectral filter 

differences

Hyperion shows Bigger spectral differences  between ETM+ & Sentinel-2



Improved Absolute Calibration Model
Empirical Calibration Model

• Based on using calibrated radiometer (Terra MODIS) as reference , 
empirical BRDF model and spectral signature of the target.

• The resulting absolute calibration model was of the form

Where,
• K=scaling factor,
• ρh=spectral content of the scene
• 𝒇𝑨(𝒕)= atmospheric model
• The BRDF was scaled to 30 deg. Zenith
• The BRDF coefficients for view zenith angle were derived using Hyperion 

measurements  (± 18 deg)

• The model was then validated using different suites of sensors 
such as Aqua, ETM+, UK-2DMC ,MERIS and L8 OLI etc. 

𝝆𝑳𝒊𝒃𝒚𝒂 𝟒 λ, 𝑺𝒁𝑨, 𝑽𝒁𝑨 =
𝑲 λ ∗ 𝝆𝒉 λ ∗ 𝒇𝑨(𝒕)

[𝟏 − 𝑺𝒁𝑨 − 𝟑𝟎° ∗ 𝒎𝟏 λ − 𝑽𝒁𝑨 λ ∗ 𝒎𝟐 λ − 𝑽𝒁𝑨 𝟐 ∗ 𝒎𝟑 λ ]



Update on empirical calibration 

model

• Validation of the model with 

different sensor suites 

show that both systematic 

and random offset is better 

than 3% for most cases 
(Better then 1.5% for OLI)

• The model can be quickly 

applied to Sentinel-2 after 

launch to assess the 

absolute calibration
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First principles approach
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First Principles Model TOA Radiance

Hyperion EO-1 TOA Radiance

Surface spectra from 

Algodones Dunes

SDSU Atmospheric model 

was used for radiative 

transfer modeling



The Surface
• Libya 4 is one of the primary PICS sites used for radiometric calibration and so 

was used for most of our observational data.

• Ground level surface reflectance measurement is a primary model constituent; 

however, obtaining direct measurement of the Libyan desert is not feasible.

• Thus, a continental U.S. site, Algodones Dunes, is used as an initial 

surrogate ground level reflectance site

• It is located in southeast CA and referenced to Path/Row 039/037 in WRS-2.



Update on Algodones Dunes Field 
Campaign

• The two main goals of the campaign are.

– Transform Algodones Dunes from a “relative” PICS 
Site to an absolute calibration site

• Key to this effort is a BRDF model of the dunes as a whole

– Develop an understanding / procedure to allow the 
transformation of other PICS sites into absolute 
calibration sites.



Team Members and Equipment
Goddard
Joel McCorkel
Amit Angal
Bruce Cook
Kurt Thome
Brian Markham

RIT
Chip Bachmann
+many students

U of Lethbridge
Craig Coburn
+student

U of A
Jeff Czapla-Myers 
Nik Anderson

SDSU
Dave Aaron, Larry Leigh, Dennis Helder, 
Cibele Pinto and Morakot Kaewmanee



Post Collection
• The result of the campaign will be large quantities of data and sand samples. 

– All data will be brought to one archive site, stored, cataloged and organized such that all 
team members will have access, and potentially users at large.  

– Sand samples will be processed through the optics lab at SDSU and at RIT; results will be 
archived with the original campaign data. 

– The plan for the remaining bulk of the data would be to try and get each team to 
process their own data to a “processed level”, in a “standard format” to allow for easy 
processing and ingesting of all data sources. 

• Potential follow-on to include a “post campaign” meeting so all participants can compare 
results and conclusions.

- The data will then be used to validate and 
test against all relevant BRDF models, the 
results to be used in conjunction with 
SMACCA to produce a ABS Calibration 
model for Algodones Dunes and a 
procedure / setup for Libya 4.

Test data from the 
campaign showing the 

stability of the site over time



Relative Radiometric Gain Calibration

• Detector to detector non-uniformity is an important issue with 
pushbroom sensors with multiple focal plane modules and many 
detectors
– Images ( esp. the uniform targets) can have bandings, striping, streakings

etc. if not taken care of.

• 2 Vicarious relative gain methods are developed for Landsat 8 and 
can be used for any pushbroom sensor 

• This method can also be applicable to Sentinel-2 which has similar 
focal plane arrays (FPAs) as Landsat 8 OLI.

I. Side Slither 
• OLI is yaw maneuvered over Over Antarctic, Greenland and Sahara 

sites, in different times of year, and relative gain sets are derived from 
these scenes.

II. Histogram statistics method
• By binning up the uniform scenes across various seasons and deriving 

a relative gain sets



Relative gain comparisons

• Example shows how well 

relative gains derived 

from different methods 

converge for OLI.

– Work under progress 

• Relative gains derive 

from the slide slither 

methods and lifetime 

stats method track 

diffuse methods very 

closely. 

– The vicarious methods 

of relative gains are 

important backups to 

on-board methods and 

similar approach can be 

used for Sentinel-2 after 

launch


