Landsat 8: Cirrus Band

Purpose: The new cirrus band (Band 9: 1-:369 pum) allows for better detection of cirrus cloud
contamination. The old Landsat sensors included bands thlat itfaard to detect these high
altitude, cold, anavispy clouds. This newirrus bandvith center wavelength of 1.375 microns
attempts to detect the liglwhichis reflected by the highltitude clouds but is absorbed by the
water vapor closer to the grouhd.

In this band, cirrus clouds will appear bright while most lanéases will appear dark through
the atmospheres that contain water vapor. If the atmosphere is relatively dry, the one risks having
some of the land surfacappeatright as welf

This was the case for the Alaska scene wiitle Wwater vapor, and itsigh-altitude terrain also
helped the land surfaces appear bright. High altitude clouds such as the tops of thunderstorms
will appear brightoo. Using the cirrus band requires careful interpretation to recognize cirrus
clouds.

This band is not to be uséapether with other multispectral bands; its sole purpose is to screen
for any cloud ontamination from the difficulto-detect cirrus clouds.

U Examination of various scenes with their corresponding cirrus bandspsissibleerrors
that may arisérom crrus cloud contamination:

LAND:

NDVI - The relationship isegative For every change of +0.010 reflectance in cirrus,Nipg/I
decreasedy ~0.06.

Albedoi The relationshigs positive.Forevery change of +0.010 reflectance in cirrus, the
albedoincreasesby ~0.01

Temperaturé The relationship is negatively lined&or every change of.01reflectance in
cirrus, the temperatudecreasedy ~5 degrees

WATER:

NDVI - Contrary tothetransects over land, the relationship is positive. For every clednge
+0.010 reflectance in cirrus, the NDWicreasesby ~0.05.

Albedoi The relationship for albedo is still positiveor every change of +0.010 reflectance in
cirrus, the albedmcreaseshy ~0.01.

Temperature The relationship is negative but not aganForevery change of +0.01
reflectance in cirrus, the temperatderreasedy ~5degrees

! http://earthobservatory.nasa.gqov/IOTD/view.php?id=81210
2 http://landsat.usgs.gov/L8_band 9.php



http://earthobservatory.nasa.gov/IOTD/view.php?id=81210
http://landsat.usgs.gov/L8_band_9.php

U The summary tables of the trend lire&r land and wateare presented below.

The more heterogeneous the land cover, the smaller the R2 value.

The asterisk*) indicates that any obvious outliers due to isolated disturbances such as small
cumulous clouds or land patches were removed from theTdasaremoval of outliers was done
for relatively homogeneous land cover.

LAND
Summary Table Trend Linesi Over Land
NDVI Albedo Temperature
MississippiTransl* |y =-6.0944x + 0.7165 y = 0.8581x + 0.1205 y =-484.07x + 298.6¢
R2 = 0.3565 R2=0.1362 R2=0.9173
FloridaTrans1 y =-4.6488x + 0.4695 y =0.489x + 0.1154| y =-269.73x + 299.7
R2 = 0.0268 R2 = 0.0024 R2=10.2142
DominicaTransl |y =-5.3382x + 0.5934 y = 0.9906x + 0.1507 y =-423.92x + 298.99
R2=0.2516 R2=0.1822 R2 = 0.9559
AlaskaTransl y =-1.9361x + 0.163§ y = 0.3572x + 0.2777 y =-289.33x + 281.81
R2 = 0.0208 R2 = 0.0009 R2=0.4315
AlaskaTrans11 y =-0.928x + 0.0355| y =11.693x + 0.3666 y =-429.37x + 276.62
R2=0.0018 R2 = 0.0597 R2=0.1284
WATER
Summary Table Trend Lines i Over Water
NDVI Albedo Temperature
MississippiTrans2* | y =-4.1199x- 0.0199 | y = 0.2303x + 0.1368 y =-467.28x + 297.42
R2=0.103 R2 = 00047 R2=0.8217
FloridaTrans 2* y =8.848x- 0.2177 | y=1.5789x + 0.0822 y =-464.02x + 298.75
R2=0.7876 R2 = 0.8093 R2 = 0.8652
DominicaTrans2* y =2.1189% 0.1356 | y=1.1768x + 0.066| y =-405.38x + 295.2
R2=0.8819 R2=0.9706 R2 =0.9425
DominicaTrans22* | y = 2.1653x 0.1279 | y = 1.2269x + 0.0691 y =-453.31x + 295.53
R2 =0.4229 R2 = 0.6582 R2=0.9769
AlaskaTrans2 y =-0.6839x- 0.0231| y = 2.0224x + 0.4803 y =-174.82x + 273.81
R2=0.0108 R2=0.012 R2 = 0.5097

Notes: 1. The AlaskaTrans2 is across an icy river while all other transects are over liquid water.

2. Both MississippiTrans2 and AlaskaTrans2 werehmhogeneous their land cover. The
MississippiTrans2 included scattered land patches while the AlaskaTrang®eohohelting ice

patches.



U The summary tables of the findinfys each scenare listed below according to two
categories:

1. Transect over Land 2. Transect over Water.

| looked at one transect over both land and water in efitte threescens.® The only
exceptiors arewhere | looked at two transects instead of ondfmminicaover Water and
Alaska over Land.

LAND
Summary Table: Mississippi Transect over Land (MississippiTransl)
Average Difference Minimum Maximum
across Cirrus Cloud
Boundaries
(Cirrus -NonCirrus)
Reflectancefor 0.020 0.003 0.029
Cirrus Band
NDVI -0.200 0.194 0.760
Albedo 0.030 0.090 0.430
Temperature -10.0 283 300
(Degrees)
Summary Table: Florida Transect over Land (FloridaTrans1)
Average Difference Minimum Maximum
across Cirrus Cloud
Boundaries
(Cirrus -NonCirrus)
Reflectancefor 0.010 0.001 0.023
Cirrus Band
NDVI -0.070 0.116 0.754
Albedo 0.025 0.068 0.462
Temperature -5.0 289 303
(Degrees)

®The three scenes are Mississippi, Florida, and DominicausifaAlaska scene was left out since the cloud cover
was only 4.54% and the bright terrain made it hard to detect cirrus cldodtead, an alternate Alaska scene was
analyzed.



Summary Table: Dominica Transect over Land (DominicaTrans1)

Average Difference Minimum Maximum
across Cirrus Cloud
Boundaries
(Cirrus -NonCirrus)
Reflectancefor 0.030 0.002 0.042
Cirrus Band
NDVI -0.250 0.278 0.771
Albedo 0.150 0.112 0.269
Temperature -15.0 281 299
(Degrees)
Summary Table: Alaska Transectover Land (AlaskaTransl)
Average Difference Minimum Maximum
across Cirrus Cloud
Boundaries
(Cirrus -NonCirrus)
Reflectancefor 0.025 0.003 0.0385
Cirrus Band
NDVI -0.175 -0.066 0.385
Albedo 0.150 0.132 0.598
Temperature -12.0 270 287
(Degrees)
Summary Table: Alaska Transect over Land (AlaskaTrans11)
Average Difference Minimum Maximum
across Cirrus Cloud
Boundaries
(Cirrus -NonCirrus)
Reflectancefor 0.010 0.002 0.011
Cirrus Band
NDVI 0.000 -0.046 0.267
Albedo 0.050 0.186 0.678
Temperature -2.0 269 288

(Degees)




WATER

Summary Table: Mississippi Transect over Water (MississippiTrans2)

Average Difference Minimum Maximum
across Cirrus Cloud
Boundaries
(Cirrus -NonCirrus)
Reflectancefor 0.005 0.001 0.012
Cirrus Band
NDVI 0.000 -0.225 0.450
Albedo 0.000 0.078 0.152
Temperature -3.0 293 301
(Degrees)
Summary Table: Florida Transect over Water (FloridaTrans2)
Average Difference Minimum Maximum
across Cirrus Cloud
Boundaries
(Cirrus -NonCirrus)
Reflectancefor 0.010 0.001 0.016
Cirrus Band
NDVI 0.100 -0.262 -0.021
Albedo 0.015 0.078 0.129
Temperature -5.0 292 299
(Degrees)
Summary Table: Dominica Transect over Water (DominicaTrans?2)
Average Difference Minimum Maximum
across Cirrus Cloud
Boundaries
(Cirrus -NonCirrus)
Refledancefor 0.050 0.002 0.058
Cirrus Band
NDVI 0.100 -0.164 0.035
Albedo 0.050 0.065 0.260
Temperature -17.0 272 295

(Degrees)




Summary Table: Dominica Transect over Water (DominicaTrans22)

Average Difference Minimum Maximum
across Cirrus Cloud
Boundaries
(Cirrus -NonCirrus)
Reflectancefor 0.030 0.001 0.035
Cirrus Band
NDVI 0.050 -0.165 0.022
Albedo 0.035 0.065 0.213
Temperature -15.0 280 295
(Degrees)
Summary Table: Alaska Transect over Water (AlaskaTrans2)
Average Difference Minimum Maximum
acrossCirrus Cloud
Boundaries
(Cirrus -NonCirrus)
Reflectancefor 0.020 0.003 0.003
Cirrus Band
NDVI 0.010 -0.075 0.137
Albedo 0.025 0.194 0.9639
Temperature -5.0 267 275

(Degrees)




On the followingpages ar¢he sideby-side comparisons of the false color (6%&B) and their
corresponding cirrus band images.

x Alaska: 2013April22_Cirrus

In the Alaska scene, there are no apparent cirrus clouds. With low water vapor in the atmosphere
and high altitude terrain, the backgral pops out in the cirrus band image.

PWAT =5.57

Left: 6547 RGB Right 2013April22_Cirrus

y #2Scroll (0.07552)




x Dominica: 2013May05_Cirrus

In the Dominica scene, there are a lot of cirrus clouds across the entire image. But, in addition to
these cirrus clowg] several big cumulous clouds also show up. These are cumulonimbus clouds
that are at high altitude, and thus are showing up in the cirrus band image.

PWAT =53.29

Left: 6547 RGB Right 2013May05_Cirrus

x  Florida: 2013May23_Cirrus

The Florida scendoes not have as much clouds as the Dominica scene. Regardless, it also
exhibits both cirrus and cumulonimbus clouds in its cirrus band image. It is important to note
that warm clouds at lower altitudes are not showing up in the cirrus band. Anotheaimport
observation is small cumulous clouds with occasional cyan pixels do shaellup the cirrus
cloudimage

PWAT = 36.5
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é cyén pixels do not show up as well in the cirrus band image. But, are they not showing up as
well because they are in the shadow or because they are larger droplets?



x Mississippi: 2013May24_Cirrus

In the Mississippi scene, tteeare broad swaths of cirrus clouds that were not at all detected in
other bands. Note that the cumulous clouds in the northeastern portion of the RGB image are
nowhere to be seen in the cirrus band image.

PWAT =40.18

Left: 6547 RGB Right 2013May24 Cirrus
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Transects
x MississippiTransectITransect over Land

Left: 2013May24_Cirrus Right 654- RGB

Note The red line indicates the transect line used for analysis.

Trend Lines: Mississippi Transect over Land (MississippiTrans1)

NDVI Albedo Temperature
MississippiTrans1* |y =-6.0944x + 0.7165 y = 0.8581x + 0.1205 y =-484.07x + 298.66
R2 = 0.3565 R2=0.1362 R2=0.9173

Note The asterisk (*) indicates that any obvious outliers due to isolated disturbances such as
small cumulous cloudsr land patches were removed from the data.



