Landsat 8: Comparison of TOA Reflectance Values with SP3
In order to see how manually calculated reflectance values compare with those that are
automatically generated by the Service Pack 3, | used Band Math to map out the differences
between the two: B1-B2; B1 = manually calculated TOA, B2 = SP3 generated TOA. This was
done for all scenes: Alaska, Dominica, Florida and Mississippi.

Below are the Statistics output for all scenes.

% Alaska: 2013April22_Ref TOA_Difference (Mask: DN=0 on ALL bands)

[ Statistics Results: 2ﬂ13Apri|22_Ref_TDA_DiFference- L S

File Options

| Select Plot = || Clear Plot |

Aean: 201 34pnl 22 _Ref_TOA_Difference

T

| Select Stat = |

Filename: H:“Summer_2013~Land=at_&8-~SF3~2013AprilZZ Re -
Dim=: Full Scene (61,862,931 points)

Ba=ic Stat= Hin Hax Hean Stdev
Band 1 -0.157906 0.550348 0.255400 0.085438 “
Band 2 -0.157906 0.574194 0.255427 0.092350
Band 3 -0.157906 0.559799 0.236805 0.093385
Band 4 -0.157906 0.580680 0.242700 0.100256
Band & -0.15790c 0. 564778 0.232371 0.091155
Band & -0.157906 0.273582 0.018313 0.011110
Band 7 -0.157906 0.247385 0.016718 0.010257
Hi=togram LH Hpt= Total Fercent 1l
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% Dominica: 2013May05_Ref TOA_Difference(Mask: DN=0 on ALL bands)

[y Statistics Results: 2ﬂ13Ma}-ﬂ5_Hef_TGA_Diﬁerence- L=

File Options

| Select Plot = || Clear Plot |

Min/Mox/Mean: 201 3May05_Ref_TDA_Difference

C.ac

| Select Stat « |

Filename: H:“Summer_2013~Land=at_8~SP3~2013May05_Rei_ T =«
Dim=: Full Scene (54,471,061 points)

Ba=zic Stat= Hin Hax Hean Stdev
Band —-0.108116 .089355 .013647 006074
Band —-0.108118 .094371 .011978 006528
Band —-0.108118 098263 .009150 006861
Band —-0.108116 098263 .007957 Lo073ze
Band —-0.108118 098263 .008e607 .009531
P
—

Band —-0.108116 .077440 .006564 .006678
Band -0.10811¢6 073973 .00491¢6 .o04932

s ey B AR L
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Lo B o s o o }
Lo B o s o o }

Hi=togram DH Hpt= Total Fercent
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% Florida: 2013May23 Ref TOA_Difference (Mask: DN=0 on ALL bands)

-
r@ Statistics Results: 2013May23 Ref TOA Difference Y

File Options

| Select Plot || Clear Plot |

fean:Z201 E2Moy23_Ref_TOA_Difference

| Select Stat |

Filenamne: H:~Summer_2013~Lland=sat_858-~SP3~2013Havi3i FRef " -
Din=: Full Scene (85,211.661 points)

Ba=zic Stat= Hin Max Hean Stdew
Band 1 -0.10674F 0.081674 0.0119c4 0.00R785
Band 2 -0.106746 0.081674 0.010817 0.007212
Band 3 -0.106746 0.081674 0.009372 0.007286
Band 4 -0.106746 0.081674 0.008558 0.007884
Band & -0.106746 0.081674 0.013730 0.009994
Band & -—-0.106746 0.080585 0.00978e 0.007224
Band 7 -0.106746 0.076894 O0.006601 0.005470

Hi=togram DH Hpt= Total Fercent

4 Tir ¥




% Mississippi: 2013May24 Ref TOA Difference (Mask: DN=0 on ALL bands)

File Options

| Select Plot || Clear Plot |

AN ean:Z01AMayZd_Ref_TOA _Difference

o=

| Select Stat »|

| Filename: N “Summer_2013~Land=at_8~SP3~2013Hay24_ Ref TO. -
Dim=: Full Scene (54,174,321 point=)

Ba=ic Stats Min Max Hean Stdew

Band 1 -0.107048 0.062980 0.009437 0.002717

Band 2 -0.107048 0.074034 0.008109 0.002941

Band 3 -0.107048 0.076641 0.007219 0.002952

Band 4 -0.107048 0.085331 0.005793 0.003414

Band 5 -0.107048 0.083565 0.01771e 0.007687

Band & -0.107048 0.083819 0.009622 0.004725

Band 7 -0.107042 0.077322 0.005028 0.0031c2
Hi=togram DH Hpt= Total Fercent il
Fi I k

The differences are small (~0.01) and pretty much uniform in their respective bands as is
evidenced by small standard deviations.



Without SE in TOA Reflectance Calculations

But, once sin(fsg) is taken out of the calculations (inserted below for reference), the
differences in the reflectance values are greater (~0.03) but the same across all bands (Means and
StDev’s are the same). This offset in the TOA reflectance values is approximately the same
across different images except for Alaska. For example, in the Mississippi scene, SP3 reflectance
values are about 0.03 greater than the manually calculated values. But, in the Alaska scene, SP3
reflectance values are about 0.04 greater.

These offsets disappear when the mask for DN=0 on ALL bands is applied.

Take Away Points:
= Mask for DN=0 on ANY band highly recommended before processing
= SP3is a reliable tool for DN to reflectance conversion IF one disregards solar
angle.
= For regions close to the poles where solar angles are substantially smaller, one
should be cautious to use SP3 reflectance values.

DN to TOA Reflectance Formula:

pA — MQQcaI + AQ
sin(Bse)

where:
pA = TOA planetary reflectance, without correction for solar angle.
M, = Band-specific multiplicative rescaling factor from the metadata
(REFLECTANCE_MULT_BAND_Xx, where X is the band number)
A, = Band-specific additive rescaling factor from the metadata (REFLECTANCE_ADD_BAND_x,
where X is the band number)
Qcal = Quantized and calibrated standard product pixel values (DN)
Ose = Local sun elevation angle. The scene center sun elevation angle in degrees is provided in the

metadata (SUN_ELEVATION).

(Source: USGS)



< Alaska: 2013April22_Ref_TOA_woSE_Difference (Mask: DN=0 on ALL bands)

File Options

| Select Plot || Clear Plot |

Aol 22 _Ref _TOA E_Difference

X L

4
Eand Murmhber

| Select Stat |

Filenams: H:~Summner_Z013~Land=at_8~SP3i~2013AprilZZ Ref_ -
Dim=: Full Scene (61.862.931 point=)

Basic Stats Min Ma= Hean Stdew
Band 1 -0.100000 0.000000 -0.037129 0.048315
Band 2 -0.100000 0.000000 -0.037128 0.048315
Band 3 -0.100000 0.000000 -0.037127 0.042314
Band 4 -0.100000 0.000000 -0.037127 0.048314
Band & -0.100000 0.000000 -0.037127 0.048314
Band & -0.100000 0.000000 -0.037126 0.048314
Band 7 -0.100000 0.000000 -0.037126 0.048314

Hiztogram DH Hpt= Total Percent 1l
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% Alaska: 2013April22_Ref TOA woSE-SP3 (Mask: DN=0 on ANY band)

File Options

r @ Statistics Results: AIaska_TDA_wcsm ["‘:' | @'Lihl 1

| Select Plot || Clear Plot |
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Eand Mumber

tdin /Max Mean:Alaska_TOA_woSE—SPE

| Select Stat ~|

Filenamne:
Dims=:

Band
Band
Band
Band
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Histogram

4

Ba=zic Stats

H: ~Summer_2013~Land=at_8~Alaska_TOA woSE-SF3 -

ey s o B TR L

Hin
—0.000000
—0.000000
—0.000000
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For every band, the differences between the manual and SP3 calculated reflectance
values (still disregarding the solar angle) are zero.

Below is a table of values deviating from zero in more than two pixels for Bands 6 and 7.

Reflectance # of Pixels Total Percent Acc.

Percent
Band 6 -0.000008 38,893,187 38,893,204 99.9999 100
0.000000 5 38,893,209 0.0000 100

Band 7 -0.000007 38,892,151 38,892,159 99.09973 99.9973
0.000000 1,050 38,893,209 0.0027 100




% Dominica: 2013May05 Ref TOA woSE_Difference(Mask: DN=0 on ALL bands)

@ Statistics Results: 2013May05_Ref TOA_wo3SE_Difference !Ml
File Options

| Select Plot ¥ || Clear Plot |

tMean: 201 3May B _Difference

4
Band Mumber

| Select Stat = |

Filename: H:~Summer_2013~Land=at_58~5SFP3~2013Hav05_FRef Ti -
Dim=z: Full Scene (54,471,061 point=)

Ba=sic Stats Min Ma= Mean Stdev
Band 1 -0.100000 0.000000 -0.0288381 0.045321
Band 2 -0.100000 0.000000 -0.0288381 0.045321
Band 3 -0.100000 0.000000 -—0.028879 0.045320
Band 4 -0.100000 0.000000 -—0.028879 0.045320
Band & -0.100000 0.000000 -0.028879 0.045320
Band & -0.100000 0.000000 -0.028878 0.045319
Band 7 -0.100000 0.000000 -—0.0288378 0.045319

Hisztogram DN Hpt= Total Percent il

4 Irr 2
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% Dominica: 2013May05_Ref TOA woSE-SP3(Mask: DN=0 on ANY band)

[ Statistics Results: Dominica_Ref TOA_woSE-5P3 B e S

File Options

| Select Plot || Clear Plot |

| Select Stat ~|

Filename: N :“~Summer_Z2013i~Land=at_8~5SPi~Dominica_Fef TOA -
Dim=: Full Scene (54.471.061 points)

Ba=zic Stats Hin Hax Hean Stdev
Band 1 -0.000000 O.000000 -—0.000000 O.000O000
Band 2 -—-0.000000 O.000000 -—0.000000 ©O.000O000
Band 3 -—-0.000000 O.000000 -—0.000000 O.000000
Band 4 -—0.000000 O.000000 -—0.000000 ©O.000O000
Band 5 -—-0.000000 O.000000 -—0.000000 ©O.000O000
Band & -—-0.000000 O.000000 -—0.000000 ©O.000O000
Band 7 -0.000000 O.000000 -—0.000000 O.000000

Histogram DH Hpt= Tatal Fercent il

4 TIT 2




% Florida: 2013May23 Ref TOA_woSE_Difference (Mask: DN=0 on ALL bands)

.

[ Statistics Results: 2013May23_Ref TOA_woSE_Difference o B X

File Options

| Select Plot || Clear Plot |

E_Difference

| Select Stat |

Filename: H:~Summer_ 2013~Land=at_8-SPF3~Z2013Hav23 Ref TOA =«
Din=: Full Scene (55.211.661 points)

Ba=zic Stat= MHin Max MHean Stdew
Band 1 -0.100000 0O.000000 -0.029862 O0.045765
Band 2 -0.100000 0.000000 —0.029862 0.045765
Band 3 -—-0.100000 O0.000000 —0.029860 O0.045764
Band 4 -0.100000 O.000000 -—0.029861 0. 045765
Band & -—-0.100000 O0.000000 —0.029860 0. 045765
Band & -—-0.100000 O.000000 —0.029859 0.045764
Band 7 -0.100000 0O.000000 -—0.029859 0.045764

Hi=togram DH Hpt= Total Fercent i

4 11 I
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@ Statistics Results: Florida_Ref_TO&A woSE-5P3

File Options

% Florida: 2013May23 Ref TOA woSE-SP3 (Mask: DN=0 on ANY band)

| Select Flot || Clear Plot |
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Ba=ic Stat=s
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Below is a table of values deviating from zero in more than one pixel for Bands 5, 6 and

7.

Reflectance # of Pixels Total Percent Acc.

Percent

Band 5 -0.000049 38,712,314 38,712,340 99.9714 99.9715
0.000000 11,032 38,723,372 0.0285 100

Band 6 -0.000055 38,716,716 38,716,783 99.9828 99.9830
0.000000 6,589 38,716,783 0.0170 100

Band 7 -0.000029 38,722,490 38,722,524 99.9977 99.9978
0.000000 848 98,723,372 0.0022 100
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% Mississippi: 2013May24 Ref TOA woSE_Difference (Mask: DN=0 on ALL bands)

T e ik
@ Statistics Results: 2013May24_Ref TOA_woSE_Difference -[EE;-‘ x ]

File Options

| Select Plot || Clear Plot |

Wi/t dean: 201 3May24_Ref TOA w

T
L i

—[07
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| Select Stat |

Filenamne: H:“Summer_2013~Landsat_&~SP3~2013Havid Fef T -
Dimn=: Full Scene (54,174,321 points)

Ba=ic Stats Hin Hax Hean Stdew
Band 1 -—-0.100000 0O.000000 -—-0.028353 0.045071
Band 2 -—-0.100000 0O.000000 -—0.028353 0.045071
Band 3 -—-0.100000 0.000000 -0.028351 0.045070
Band 4 -0.100000 0.000000 -0.028352 0.045070
Band & -—-0.100000 0O.000000 -—0.028351 0.045070
Band & -—0.100000 0O.000000 -—0.028350 0.045070
Band 7 -—0.100000 0O.000000 -—0.028350 0.045069

Histogram DH Hpt= Total Fercent

4 L1} [ 2
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< Mississippi: 2013May24_Ref TOA woSE-SP3 (Mask: DN=0 on ANY band)

) Statistics Results; Mississipg e

File Options

| Select Plot || Clear Plot |

hdin bl
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—0,002
—0.0a3
—0.C04
—0.00%
T

F
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Eand Mumber

| Select Stat |

Filenam=: H:~Sumner_2013~Land=at_8~5SPi~Mi==i=s=sippi_Ref ' -«
Dim=: Full Scene (54.174.321 point=)

Ba=zic Stats Hin Hax Hean Stdev
Band 1 -0.000000 O0O.000000 -—0.000000 O.0Q00O0O0O00
Band 2 -0.000000 O0O.000000 —0.000000 O.0Q0O0O0O00
Band 3 -—-0.000000 O0O.000000 —0.000000 O.0Q0O0O0O00
Band 4 -—-0.000000 O0O.000000 —0.000000 O.0Q0O0O0O00
Band & -0.000000 O0O.000000 —0.000000 O.0Q0O0O0O00
Band & -—0.00%e60 0O.000000 -—0.000000 O.0Q0O0O001
Band 7 -0.000000 O0O.000000 -—0.000000 O.0Q0O0O0O00

Hi=togram DH Hpt= Total Fercent il
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Below is a table of values deviating from zero in more than one pixel for Band 6.

Reflectance | # of Pixels Total Percent Acc.

Percent

Band 6 -0.000022 38,812,221 | 38,812,222 99.9973 99.9973
0.000000 1,046 38,813,268 0.0027 100
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