Landsat 5: Radiance/Reflectance Calculation Comparison

Contrary to expectations, NASA does include solar angle in its reflectance calculations.
However, there are small differences between ENVI calibrated values and manually calculated
values for both radiance and reflectance. The discrepancies in the reflectance values are greater
than those for radiances: mostly around 1% for most bands but as high as 4% for Band 6.

The Landsat 5 image that was processed in this exercise was that of inland Sweden, north of
Stockholm. A scene in the far north was chosen for its larger solar zenith angle that will make a
solar angle component of reflectance calculations crucial in ensuring the accuracy of solar
irradiance.

Preprocessing Step for All Files:

-Created a Mask for DN=0 on ANY band.



Landsat 5: Radiance

1. Convert DN to Radiance

2. Compare Radiance vs. ENVI Calibrated Radiance

Results:
-Negative values are truncated to zero.

-Marginal average difference (~0.001 radiance) between two datasets. The biggest
difference of 2.84 radiance was found for Band 2.

Left: ENVI Calibrated Reflectance

Right: Manually Calculated Reflectance
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Dims: Full Scene (65,109,551 points)

Bazic Stats Min Max Mean Stdev
Band 1 0.000000 193.000000 30.918404 2.602455
Band 2 0.000000 289.694183 22 358111 3.862740
Band 3 0.000000 264.000000 13.097324 3.765590
Eand 4 0.000000 221.000000 39.459895 13 336792
Band & 0.000000 30.200001 4.080404 1.810014
Band & 0.000000 16.500000 0.704908 0.398681

Hi=togram DH Hpt= Total Percent £

Band 1 0.000000 13363 13363 0.0341
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| Select Stat v |

Filename: H:“Summer 2013~Land=sat 5~Conversion to Radiance -

Dim=: Full Scene (65,109,551 points)

Basic Stats Min Max Hean Stdew
Band 1 -1.520000 192.993195 30.917001 2. 605624
Band 2 -2.840000 289.696411 22 358153 3.863664
Band 3 -1.170000 264.005981 13.097607 3.765820
Band 4 -0.634000 220.994003 39.458791 13 336432
Band 5 -0.370000 30.211597 4.081827 1.811309
Band & -0.150000 16.512400 0.704965 0.400033

Hiztogram DH Hpt= Total Percent Ac

Band 1 -1.520000 5120 5120 0.0131 [_
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Band Math (Radiance): B1-B2 = ENVI — Manual
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Landsat 5: Reflectance without Solar Angle

3. Convert Radiance to Reflectance with Solar Angle

4. Compare Reflectance with Solar Angle vs. ENVI Calibrated Reflectance
Results:
-Negative values are truncated to zero.
-The two histogram curves for two types of calculations have the same shape, but not the
same values.
-The average difference is smaller than the calculations without solar angle at ~0.02
radiance.
-The difference histogram curve has the same shape as the input data, which indicates the
difference is due to a constant offset factor across all bands.

Left: ENVI Calibrated Reflectance Right: Manually Calculated Reflectance
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Dims: Full Scens (65,109,551 points) Dims: Full Scene (65,109,551 points)

Bazic Stats Min Ha=x Hean Stdev Bazic Stats Min Mazx Mean Stdev
Band 1 0.000000 0.502017 0.080423 0.006769 Band 1 -0.002487 0.315753 0.050583 0.004262
Band 2 0.000000 0.831989% 0.064211 0.011094 Band 2 -0.004972 0.507197 0.039%9144 0.006764
Band 3 0.000000 O.886537 0.043982 0.012g45 Band 3 -0.002430 0.548344 0.027204 0.007822
Band 4 0.000000 1.105650 0.197415 O0.066723 Band 4 -0.001956 0.681917 0.121757 0.041152
Band & 0.000000 0O.708057 0.095667 0.042437 Band 5 -0.005281 0.431215 0.058261 O0.0258G3
Band & 0.000000 1.019984 0.043575 0.024g45 Band & -0.005888 0.648152 0.027672 0.015702

Histogram DH Hpt= Total Percent Hiztogram DN Hpts Total Percent

Band 1 0.000000 133632 13363 0.03241 il Band 1 —0.002427 £1z20 120 0.0121
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Band Math (Reflectance without Solar Angle): B1-B2 = ENVI — Manual
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Filename: H:~Summer_ 2013~Land=at S~Conwersion to REef -
Dim=: Full Scene (65.109. 551 point=)

Ba=ic Stats Min Hax Hean Stdew

Band 1 0.000011 0O.18%6264 0.029840 0.002507 I

Band 2 0.000063 0.324792 0.025087 0.004329

Band 3 0.000262 0.338192 0.016%778 0.004324

Band 4 0.000464 0.423733 0.075658 0.025571

Band & 0.000126 0.276842 0.037407 0.016584

Band & 0.000733 0.371832 0.015904 0.00894k
Histogram OH Hpt= Total FPercent
Band 1 0.000011 4581 4581 0.0117
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Landsat 5: Reflectance with Solar Angle

5.
6.

Convert Radiance to Reflectance without Solar Angle

Compare Reflectance without Solar Angle vs. ENVI Calibrated Reflectance

Results:

-Negative values are truncated to zero.

-The two histogram curves for two types of calculations have the same shape, but not the
same values.

-However, the average difference is ~0.001.

Note: Solar irradiance values used to calculate reflectance here are those published for
Landsat 7, which have nearly identical band designations.
Table 11.3 ETM+ Solar Spectral Irradiances

Band watts/(meter squared * pm)

1 1965.000
2 1840.000
3 1551.000
4 1044.000
5 225.700
7 82.07

8 1368.000

Landsat 5 vs. Landsat 7 Band Wavelength Range Comparisons:

Landsat Thematic Mapper (TM) images consist of seven spectral bands with a spatial resolution of 30 meters for Bands 1 to 5 and 7. Spatial resolution for Band 6 (thermal
infrared) is 120 meters, but is resampled to 30-meter pixels. Approximate scene size is 170 km north-south by 183 km east-west (106 mi by 114 mi).

Thematic Landsat Wavelength Resolution
Mapper 4-5 (micrometers) (meters)
(T™)

Band 1 0.45-0.52 30

Band 2 0.52-0.60 30

Band 3 0.63-0.69 30

Band 4 0.76-0.90 30

Band 5 1.55-1.75 30

Band 6 10.40-12.50 120* (30)

Band 7 2.08-2.35 30

* TM Band 6 was acquired at 120-meter resolution, but preducts processed before February 25, 2010 are resampled to 60-meter pixels. Products processed after February 25, 2010
are resampled to 30-meter pixels.

Landsat Enhanced Thematic Mapper Plus (ETM+) images consist of eight spectral bands with a spatial resolution of 30 meters for Bands 1 to 7. The resolution for Band 8
(panchromatic) is 15 meters. All bands can collect one of two gain settings (high or low) for increased radiometric sensitivity and dynamic range, while Band 6 collects both high and
low gain for all scenes. Approximate scene size is 170 km north-south by 183 km east-west (106 mi by 114 mi).

Enhanced Landsat Wavelength Resolution
Thematic 7 (micrometers) (meters)
Mapper
Plus Band 1 0.45-0.52 30
(ETM+) Band 2 0.52-0.60 30
Band 3 0.63-0.69 30
Band 4 0.77-0.90 30
Band 5 1.55-1.75 30
Band 6 10.40-12.50 60 * (30)
Band 7 2.09-2.35 30
Band 8 .52-.90 15




Left: ENVI Calibrated Reflectance
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Right: Manually Calculated Reflectance
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Dim=: Full Scene (65,109,551 points)

Basic Stats Hin Ma= Mean Stdev
Band 1 -0.003922 0.505569 0.080991 0.006826
Band 2 -0.007961 0.812100 0.062676 0.010831
Band 3 -0.003891 0.877983 0.043558 0.012524
Band 4 -0.003132 1.091852 0.194952 0.065891
Band & -0.008456 0.690440 0.093284 0.041395
Band 6 —0.009427 1.037791 0.044306 0.025142

Hi=togram LH Hpt= Total Percent
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Band Math (Reflectance with Solar Angle): B1-B2 = ENVI — Manual
@ Statistics Results: 2010Augl6 Ref wSE_Difference
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Filenam=: H:~Summner_Z013~Land=at S5~Conversion to Eeflec -
Dim=: Full Scene (65,109,551 points)

Ba=ic Stat= Min Max MHean Stdew
Band 1 -0.003552 0.003982 —0.000%568 0. 000074
Band 2 0.000004 0.019839 0.001535 0. 000266
Band 3 0.000030 0.008554 0.000424 0.000123
Band 4 0.000015 0.013797 0.002464 0.000833
Band & 0.000062 0.017617 0.002384 0.001051
Band & -—-0.017806 0.009427 —0.000731 0.000583

Hi=togram DH Hpt= Total Fercent

Band 1 —0.003552 795 795 0.00z20
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| cannot say with certainty what is responsible for slight discrepancies in both radiance and
reflectance (with solar angle) calculations despite working with the same datasets and using the

same algorithms.

| have included the ratio of the ENVI calibrated and manually calculated reflectance values (with
solar angle accounted for) here to highlight the small degree of discrepancy between the two

methods.

Band Math (Reflectance with Solar Angle Ratio): B1/B2 = ENVI/Manual
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