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The vicarious calibration ...

... makes use of a single set of fractional gains, where unity indicates no correction

*K *K *g

— *
L, = counts * K time . Kyyz oo

rad

(minimize difference between satellite L, and ground-truth L)
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The vicarious calibration ...

... makes use of a single set of fractional gains, where unity indicates no correction

— *
L, = counts * K,

* * *
Ktime Kx,y,z g

(minimize difference between satellite L, and ground-truth L)
... modifies the integrated instrument-atmospheric correction system
(effectively accounts for undetermined post-launch instrument changes

and atmospheric correction biases)

... assumes that temporal trends are independently removed
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The vicarious calibration ...

.. makes use of a single set of fractional gains, where unity indicates no correction

— * * * *
Ly=counts * K,y ™ Kyjppe “ Ky 2 - ¥ 8

rad

(minimize difference between satellite L, and ground-truth L)

.. modifies the integrated instrument-atmospheric correction system
(effectively accounts for undetermined post-launch instrument changes
and atmospheric correction biases)

.. assumes that temporal trends are independently removed

.. was updated for SeaWiFS Reprocessing 4 (July 2002)
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Lt = Lr,g,wc,... + La + td Lw

pre-Reprocessing 4 (launch - July 2002)

gain calculated using L,
g = Lwtarget / Lw

assign ¢ and iterate until mean radiance ratio reaches unity
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Lt = Lr,g,wc,... + La + td Lw

pre-Reprocessing 4 (launch - July 2002)

gain calculated using L,
g = Lwtarget / Lw

assign ¢ and iterate until mean radiance ratio reaches unity

post-Reprocessing 4 (July 2002 - present)

gain calculated at L,

g =Lt /L,

satellite atmospheric parameters used to propagate L 8¢ to TOA
* no iteration (less computationally expensive)

* permits exploration of gain offset

* requires disabling correction for non-negligible L (NIR)

methods agree to within 0.04%
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all terms are computed for
+ La + 1, Lwtarget the full relative spectral
— response of each sensor band

Lttarget =L

1,8,WC, ...

post-Reprocessing 4 (July 2002 - present)

gain calculated at L,

g =Lt /L,

satellite atmospheric parameters used to propagate L 8¢ to TOA
* no iteration (less computationally expensive)

* permits exploration of gain offset

* requires disabling correction for non-negligible L (NIR)

methods agree to within 0.04%
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SUN

\\\ Lwn = Lw / ( Cos(esun) td Fdist)

TARGET
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1/ Q from Morel et al. 2002
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our operational targets ...
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L(NIR) = L (NIR) + L (NIR) + £,L_(NIR)

1,8,WC, ...
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Lt(NIR) = Lr,g,wc,...(NIR) + La(NIR) /

0
M90

assumptions: /

(1) target sites exist where aerosol type is known

and L, (NIR) is negligible
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Lt(NIR) = Lr,g,wc,...(NIR) + La(NIR) /

0
M90

assumptions: /

(1) target sites exist where aerosol type is known
and L, (NIR) is negligible

(2) 865-nm perfectly calibrated,
such that g(865) = 1.0

SATELLITE

Lttarget

. . TOA b
implementation:

knowledge of the aerosol type from the satellite
and L,(865) permits the +L.,t,, ...
estimation of L(765) ’

once L (765)"3¢ known,

calculate L,(765)"8¢t

TARGET
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the NIR calibration is completed prior to the VIS calibration ... the g(NIR) are now fixed

the OBPG use data from the Marine Optical Buoy (MOBY) for the VIS calibration
MOBY provides hyperspectral L, (VIS) measured during the satellite overpass
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L(VIS) =L (VIS) + L (VIS) + ¢, L (VIS)

1,8,WC, ...

implementation:

calibrated NIR bands used to determine
local aerosol type and concentration,

which provides L (VIS)#set
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L(VIS) =L (VIS) + L (VIS) + ¢, L (VIS)

1,8,WC, ...

implementation:

calibrated NIR bands used to determine
local aerosol type and concentration,

which provides L (VIS)#set

Lttarget
TOA A

calculate L,(VIS)"8¢t using
La (VIS) target , Lw (VIS) target ,

and satellite £, ... from the satellite
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various complications:

(1) f/Q requires an estimation of C,

(2) non-hyperspectral targets (conceptually) require adjustment to the

satellite spectral bandpass

(3) non-clear water targets require an estimation of L (NIR)

(4) polarization can be problematic as the correction depends on the

observed radiances
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target data

locate L1A files
extract 101x101 pixel box

process to L2

e

extract 5x5 box
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locate L1A files

target data » extract 101x101 pixel box ———— extract 5x5 box

process to L2

limit to scenes with

. average values:
calculate g,,;,,; for each pixel in ) LAND, CLDICE, HILT,
semi-interquartile range; then: <020C,

< <+«— HIGLINT, ATMFAIL,
8scene = 2 gpixel / npixel

< 0.15 7(865)
STRAYLIGHT, LOWLW

identify flagged pixels:

< 60° sensor zenith

< 75° solar zenith require 25 valid pixels

(1) calculate gains for each matchup
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locate L1A files

target data » extract 101x101 pixel box ———— extract 5x5 box

process to L2

limit to scenes with

. average values:
calculate g,,;,,; for each pixel in ) LAND, CLDICE, HILT,
semi-interquartile range; then: <020C,

< <+«— HIGLINT, ATMFAIL,
8scene = 2 gpixel / npixel

< 0.15 7(865)
STRAYLIGHT, LOWLW

identify flagged pixels:

< 60° sensor zenith

require 25 valid pixels

‘ < 75° solar zenith

(1) calculate gains for each matchup

(2) calculate final, average gain

!

limit to g, Within visually inspect
all scenes

> g = 2 gscene / nscene

semi-interquartile range
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SeaWiFS Gain Vs. Time
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¢ remains stable as a function of time, both long-term and seasonally

* verifies temporal calibration
* suggests consistency in MOBY deployments
* scatter (5%) underscores need for independent temporal calibration

(SeaWiFS 443-nm has degraded 2% since launch)

g consistent with both solar and sensor zenith angles

variations with geometry might suggest problems with
* the atmospheric correction

* the f/Q correction

* the in situ determination of L, under certain sky conditions
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input the calibration scenes into validation system ...

Regression Statistics for SeaWiES "Validation™ Using MOBY Calibration Targets

412 445 490 310 533 670
N 60 60 60 &0 60 60
- 0.96 0.91 0.73 0.30 041 0.36
EMS 0.033 0.032 0.038 0.035 0.024 0.009
—P» bias 0.02 0.02 0.01 0.01 0.00 0.00
MPD 2.1 1.9 22 3.1 34 37.2
—P ratio 1.008 1.011 1.009 1.010 1.003 1.081

satellite-to-in situ biases and mean ratios approach zero and unity, respectively
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input the calibration scenes into validation system ...

Regression Statistics for SeaWiES "Validation™ Using MOBY Calibration Targets

412 445 490 310 533 670

N 60 60 60 &0 60 60

- 0.96 0.91 0.73 0.30 041 0.36
—p EMS 0.033 0.032 0.038 0.035 0.024 0.009
—P» bias 0.02 0.02 0.01 0.01 0.00 0.00
—p> MPD 2.1 1.9 22 3.1 34 37.2
—P ratio 1.008 1.011 1.009 1.010 1.003 1.081

satellite-to-in situ biases and mean ratios approach zero and unity, respectively
RMSs and absolute MPDs not entirely negligible
compare with MPD of 13% for deep water validation set at 443-nm
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changes in ¢ with increasing sample size ...

Gain Vs, Sample Size

1.0157
1.010 -

2(443)

1.005 |

LO00E E
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0.995 WH'HHH.-‘HH o

| std error

2(555)

0.990
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Sample Number

standard error of g decreases to 0.1%
overall variability (min vs. max g) approaches 0.5%

provides insight into temporal calibration
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future ruminations ...

.. statistical and visual exclusion criteria influence g only slightly, yet
they reduce the standard deviations ... can uncertainties be quantified

for the assigned thresholds?

.. how do the uncertainties of the embedded models (e.g., f/ Q, the NIR-

correction, etc.) propagate into the calibration?

.. what are the uncertainties associated with L, 8?
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SeaWiFs Preliminarv Vicarious Gains and Standard Deviations for Reprocessing 6 (Spring 2007)

412 443 490 510 535 670 765 863
g 1.0324 10086 09887 09933 09967 09634 09645 1
5 0.010 0.009 0.007 0.007 0.008 0.003 0.004 0

SeaWiFS Vicarious Gains, as Above, with the BEDF Correction Disabled (f; = 1)

412 443 490 510 5535 670 763 863
1.0251 1.0006 09803 09891 0.992 0.9643 0.9645 1
5 0.007 0.008 0.007 0.007 0.007 0.005 0.004
%o -1.05 -1.19 -1.08 -0.65 -0.14 0.17

gy
LA
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Spectral Distribution of g
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SeaWIiFS validation for the deep water subset:
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MODIS-Aqua Vicarious Gains and Standard Deviations for Reprocessing 1.1 {August 2003)

412 443 488 531 551 667 678 T48 870
g 09710 09848 09795 09870 09830 09797 09776 09835
5 0.006 0.005 0.003 0.005 0.003 0.003 0.004 0.004 0
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MODIS-Aqua validation for the deep water subset:
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Backup slides ...
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L'I = (Lr +L'r:1 +rfh'l"f +rd1'l"1r) 31 gsf (1)
L’wr? - L‘.r(ﬂsrdsﬁfbfi )_1 (2)

L, =Lt £ 1) G)
Li_. {L +L +f L +1 I‘Zmulrdsffbf)}rg g,s (4)

g=L 1L (3)
I"I = (Lr +L’a +rfﬁ'l" ) 31 gsf (6)
L=(L, +L +t,L,. )it (7)
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SeaWiFS
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12 A ug 2005 ~ Seall ASS validation data points color Key: excluded
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AQUA

0’ 40° 80° 120° 160° -160° -120° -B0° -40° 0°

0’ 40° 80" 120° 160° -160° -120° -80° -40° 0’
14 Feb 2006 ~ SeaBASS validation data points color Key: excluded
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SeaWiFS validation for the global data set:
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MODIS-Aqua validation for the global data set:
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SeaWiFS validation statistics:

Deep Water Only

Band N Median Ratio 94 Difference r Bias rms In Situ Range Satellite Range
I d12 154 || 1.030 10.783 0.5904 0.045 0.232 0.200-2.78% -0.245 - 3.058
Ierda3 242 || 0.882 13.348 0.845 -0.038 0.232 0.185-2.815 0.045 - 2.582
I 450 242 || 0.955 12124 .74 -0.052 0174 0.232-2.07& 0.282-1.7%¢
[wr310 127 || 0.876 11.084 0473 -0.011 0.103 0.315-0.885 0.333-1.042
w555 242 | 0.87e 16.637 0575 -0.007 0.077 0167 -0.817 0.1862 - 0.805
g7 0 236 || 1818 ga.adz 0.453 0.013 0.025 0.000 - 0.081 -0.031-0.118
chlarophyll 271 0.922 25.9566 0.832 -0.083 0222 0.024-3721 0.030 - 8.882
kd450 148 || 0.953 13.543 0.857 0.002 0.013 0.014 -0.27& 0.0M7 -0.258
antdss 65 1.413 43.136 0572 0.037 0.054 0.0128 - 0.358 0.025 -0.424

= median of all satellite / in situ ratios
== median sbsolute percent difference
+ sgrt | Tisatellits - in situ}®2 /n )

chlorophyll data were log transformed prior to calculation of slope, intercept, 12, rms and bias statistics
madian retic and meadian sosolute peroent difference wars

Vicarious Calibration, NASA OBPG, 1 Nov 2006

performead on non-transformead data




MODIS-Aqua validation statistics:

Deep Water Only

Band ~ Median Batio 04 Difference - Bias rms- | In Situ Range Satellite Range
lwd12 13 || 1.023 5618 0.956 0.045 0178 0.240 - 2.588 0.017 - 2.812
I dd3 17 || 0.558 10.858 0.525 -0.02s 0.22e 0.251-2232 0124 - 23237
w488 17 || 1.040 5.967 0.522 -0.035 0180 0.207 -1.415 0.280-1.474
w531 5 0.530 6.561 0.882 -0.028 0.037 0.338 - 0.420 0.202 -0.458
w551 13 || 1.140 14.020 0.574 0.032 0.058 0217 - 0.440 0.283 - 0.388
IwEET 17 | 1.812 81.317 0.551 0.011 0.017 0.000 - 0.050 0.010 - 0.045
chlorophyll 28 || 0.956 28.282 0.740 -0.027 0.705 0.035-7.258 0.030 - 2287
kd4£28 12 | 1.148 14,8584 0.957 0.015 0.025 0.021-0.147 0.022 -0.224
aotdss 14 | 1.582 55187 0.548 0.043 0.058 0.01&8-0171 0.047 - 0.258

= median of all satellite / in situ ratios
== median sbsclute percent difference
+ sgrt | Fisatellite - in situ}®2 /n )

chlorophyll data were log transformed prior to calculation of slope, intercept, 12, rms and bias statistics

median ratic and median absclute percent difference were performed on nen-transformed data
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SeaWiFS validation statistics:

Global Results
Band N Median Ratio” %4 Difference r Bias rms In Situ Range Sarellite Range
lewd12 450 0.505 24,0083 n.827 || -0.07% 0.332 0.037-2.785% -0.245 - 3.088
lwwdad 829 0.8915 17.430 0.830 -0.045 0.262 0.085 - 3.421 0.0 -3.015
ler 450 sav 0812 15.101 n.821 -0.054 0.20v 0128 -4172 0173 - 3337
I 510 406 0913 13.739 0.24% || -0.042 0177 0185 -4174 0.214- 2285
w3553 8259 0.815 16.678 0.8931 -0.040 0.145 0.131-4.770 0.163 - 4255
g0 803 0.920 45717 0.878 || -0.007 0.045 0.000-1.181 -0.037 - 0.998
chlorophyll 1253 0953 33.086 0.785 || -0.006 0.857 0.024 - 32181 0.030 - 33.821
kd450 247 1.038 15.043 0.742 || -0.001 0.052 0.014 -0.721 0.017 - 0.421
aotégs 126 1.422 43.376 077 0.030 0.055 0.002 - 0.35& 0.017 - 0424
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MODIS-Aqua validation statistics:

Global Results
Band N Median Ratio” 04 Difference r Bias rms In Situ Range Satellite Range
leed12 120 0.747 30.658 0.742 -0.228 0.420 0215 - 2588 0.4 -2.812
lesd43 133 || 0.882 18.811 0.815 -0.138 0.7 0223 - 2857 0.035 - 2.470
les 453 109 || 0.923 14.563 0.907 -0.054 0222 0.307 - 3.540 0113 -3.410
w531 32 0.533 11178 0.5934 0117 0.235 0.338-3.234 0.302 - 3.037
w331 120 0.540 12.255 0.943 -0.074 0.164 0217 -3.188 0224 - 2043
hewBET 107 || 0.882 35.392 0.735 -0.027 0.045 0.000 - 0.345 -0.015-0.245
chlorophyll 283 || 1.084 40.408 0. 780 0.0&84 0G4 0.038 - 25.004 0.030 - 37.837
kd4&2 32 1178 15.087 0.785 0.013 0.048 0.021 - 0.354 0022 - 0.252
aotess 23 1.567 365636 0.582 0.042 0.057 0.0ME-0.171 0.033-0.258
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