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Identify uncertainties

At-sensor radiance

Surface reflectance

Atmospheric 
parameterization

Coupled 
atmosphere/surface

Radiative transfer 
code

Test sensor digital 
counts

 Error budget development starts with 

labelling the uncertainties

 Break the uncertainties into 

component pieces

 Assign values

Sensitivity analysis needed an 

understanding of possible 

sources of uncertainties



Identify uncertainties – another layer
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Surface reflectance
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Test site averaging
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Test sensor signal to 
noise



Even more layers

At-sensor radiance

Surface reflectance

Panel BRF 

Test site averaging

Field spectrometer 
uncertainties

Atmospheric 
parameterization

Scattering effects

Molecular scattering

Aerosol scattering

Absorption effects

Gaseous absorption

Aerosol absorption

Coupled 
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Test sensor digital 
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Site registration to 
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Test sensor signal to 
noise



Further detail

Atmospheric 
parameterization

Scattering effects

Molecular 
scattering

Atmospheric 
presure

Wavelength 
knowledge

Aerosol scattering

Aerosol type

Aerosol size 
distribution

Aerosol optical 
depth

Absorption effects

Gaseous 
absorption

Aerosol 
absorption

Aerosol type

Aerosol size 
distribution

At-sensor radiance

Surface reflectance

Panel BRF 

Test site averaging

Field spectrometer 
uncertainties

Atmospheric 
parameterization

Scattering effects

Molecular scattering

Aerosol scattering

Absorption effects

Gaseous absorption

Aerosol absorption

Coupled 
atmosphere/surface

Diffuse light BRDF

Adjacency effect

Radiative transfer 
code

Inherent code 
accuracy

Validity of model

Band-averaging to 
sensor response

Test sensor digital 
counts

Site registration to 
field reflectance

Test sensor signal to 
noise

This is not a static 

process

Add additional 

uncertainties as 

we learn more 

about the 

problem

Break some 

uncertainties into 

smaller parts to 

understand their 

values and how 

to improve



Laboratory 
reflectance 
reference

• NIST traceable 
PTFE

Field Panel 
Calibration

Field 
spectrometer 
measurement

Test Site BRF

Atmospheric 
Model

• Radiative transfer 
code

• Atmospheric 
parameterization

Band 
Averaging

Satellite 
sensor output 
comparison

Another way to view the error budget

In-field field 

spectrometer 

measurements

Surface BRF

Propagation to 

at-sensor

Atmospheric 

Data

Sensor spectral 

response

 Follows a traceability path

 Emphasizes the unbroken chain of 

the traceability in the error budget 

determination



Many of the uncertainties affect absolute accuracy while 

others affect the precision
 Give some examples below

 Process is ever changing as we learn more about the method

 List here is a sample based on what has already been discussed

 Absolute uncertainty is affected by

 Bias in surface reflectance
 Field panel calibration

 Systematic effects in sampling 

 Error in selection of aerosol type 

 Error in aerosol amount 

 Solar radiometer calibration

 Relative uncertainty is affected by

 Repeatability of surface reflectance data

 Field spectrometer behavior
 Atmospheric influences

 Stability of aerosol type at a given test site

 Accuracy of solar radiometer

Absolute versus relative uncertainty



The absolute and relative uncertainties need to be 

combined in an accepted fashion
 Once everything is identified and categorized it is time to 

combine them to obtain a single value

 Combination process has certain protocols

 Currently accepted approach follows Guidelines for 

Evaluating and Expressing the Uncertainty of NIST 
Measurement Results

 http://www.nist.gov/pml/pubs/tn1297/index.cfm

 Remote sensing community is slowly adapting these types 

of protocols

Combining the uncertainties

http://www.nist.gov/pml/pubs/tn1297/index.cfm


Back to our problem: Reflectance-based uncertainty

Source Descriptor
Top-of-atmos.

Radiance % uncert.

Ground reflectance measurement 2.2

Optical depth measurements <0.1

Absorption computations ---

Aerosol complex index (aerosol composition) 0.5

Aerosol size distribution 0.3

Non-lambertian ground characteristics ---

Vertical distribution ---

Non-polarization versus polarization 0.1

Radiative transfer code uncertainty 1.0

Uncertainty in solar zenith angle 0.2

TOTAL ROOT SUM SQUARE (RSS) ERROR 2.5



 Reflectance uncertainty a true error budget
 Traceability is through reference standard

Reflectance-based error budget – Surface effects

Source Descriptor
Inherent

Uncertainty

Top-of-atmos.

Radiance

uncert.

Ground reflectance measurement 2.2

Reference panel bi-directional reflectance

factor (BRF) calibration
2.0

Diffuse-field correction ---

Measurement errors 1.0
Magical RSS



 Cheat by ignoring water vapor case – pick bands that are not 

affected by water vapor

 Retrievals of ozone and water vapor have improved drmatically

over the past decade

 OMI, TOMS data can be used rather than solar radiometer 

collections

 Water vapor retrievals can now use ground-based GPS or 
microwave as well as solar radiometer

Absorption computations

Source Descriptor Inherent Uncertainty

Top-of-atmos.

Radiance uncert.

Absorption computation ---

Column ozone 2.0

Column water vapor 5.0



 Type of aerosol plays a role in how they absorb and directionality 

of the scatter

 We assume independence, but we know this is incorrect -Small 

particles absorb better

Aerosol type

Source Descriptor Inherent Uncertainty

Top-of-atmos.

Radiance uncert.

Choice of aerosol complex index 100 0.5

Choice of aerosol size distribution --- 0.3

Type ---

Size limits ---

Junge parameter 0.3



 Form of the error budget presented here has not changed 

significantly since 1985

 Values have been modified as further knowledge was obtained

 Mid-1990s as new instrumentation was included

 Early 2000s as atmospheric effects were better understood and 

efforts moved towards automation

 NASA’s Earth Observing System led to a more formal inclusion of 
the metrological community

 ESA’s Sentinel missions has revived that effort

 The push for essential climate variables has pointed out the 

need for traceability

 A much needed assessment of the relative and absolute 

uncertainties in vicarious calibration is now underway

 Unlikely that there will be a significant change in the absolute 

uncertainty shown here
 Will be better documented

 Expanded to a full spectral understanding - which will help 

imaging spectroscopy

 Ultimately lead to a better measurement protocol

Reflectance-based uncertainty


