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Analysis of new characteristics of the first Landsat 8 image and their eco-

environmental significance
XU Hangiu~ TANG Fei

Institute of Remote Sensing Information Engineering Fuzhou University; College of Environment and Resources Fuzhou University, Fuzhou 350108 China

Abstract: The successful launch of Landsat 8 on February 11 2013 has made it possible for the continuity of Landsat earth
observation mission once stopped due to the failure of the aged Landsat 5 in late 2011. The satellite has two sensors the
Operational Land Imager ( OLI) and the Thermal Infrared Sensor ( TIRS)  which collect remotely—sensed data over a 185
km swath. Landsat 8 has several new characteristics as well as those of Landsat 7. These include adding two spectral bands
( deep blue and cirrus bands) refining spectral range of some bands of Landsat 7 ETM+ splitting one thermal band to two
bands and improving radiometric resolution from 8 bits to 16 bits. This paper aims to examine the new characteristics of the
satellite’s image. Image processing and analysis have been carried out on the satellite’s first image acquired on March 18

2013. The results show that ( 1) the addition of the cirrus band can be useful for the separation of cloud from bright ground
objects; (2) the band is also helpful for the distinguishing soil from building materials because the spectral range of the
cirrus band is designed within a strong water vapor absorbing zone of the clay minerals; (3) the addition of the deep blue
band can be useful for monitoring suspended materials in open waters; (4) the narrowing of spectral range of the
panchromatic band can help the differentiation of vegetated and non-vegetated area in the panchromatic image; and (5) the
enhancement of radiometric resolution from 8 bits to 16 bits would avoid spectral saturation of the data in extremely dark/

light regions. In general Landsat 8 has technical advantages over Landsat 7 except a lower spatial resolution in thermal
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data. Its launch and operation can undoubtedly make significant contributions to the morning of global ecosystem and

environmental changes.

Key Words: Landsat 8; remote sensing; eco-environment
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Table 1 Comparison of spectral bands between Landsat 8 and Landsat 7
Landsat 8 Landsat 7
Spatial Radiometric Spatial Radiometric
Sensor Band No. Band Wa\;elenglh resolution resolution Sensor Band No. Band Wa\;elenglh resolution resolution
p /m /bit p /m /bit
2 0.45—0.51 30 12 1 0.45—0.52 30 8
3 0.53—0.59 30 12 2 0.52—0. 60 30 8
4 0.64—0.67 30 12 3 0.63—0.69 30 8
our S 0.85—0.88 30 12 4 0.77—0.90 30 8
6 1.57—1.65 30 12 ETM+ 5 1.55—1.75 30 8
7 2.11—2.29 30 12 7 2.09—2.35 30 8
PSR . 50—0.68 15 12 8 0.52—0.90 15 8
1.36—1.38 30 12
10.60—11. 19 100 12 6 10.40—12.50 60 8
TIRS
11.50—12.51 100 12
Landsat 7
1 Landsat 8
(1) . Landsat 8 Landsat 7 ( 1):
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Fig.1 Spectral band comparison between Landsat 8 and Landsat 7 sensors ( from NASA)
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Level 1T o Landsat 8
( CPF) ( gain) . ( bias) ( ESUN)
( DN) ( TOA) * Jensen
.2 .
2
Table 2 Statistics of the test image
OLI 1 OLI 2 OLIL 3 OLI 4 OLL 5 OLL 6 OLI7 OLL 9
208 208 208 208 208 208 208 208
Statistics 15247 17660 20189 21744 25446 23329 17695 763
1764.739  2174.06  2949.846  3774.856  7430.722  8329.416  6531.492 427. 446
769.008 900. 659 1063.528  1356.698  1925.615  3005.565  2406.547 81.923
0. 100 0.126 0.165 0.253 0.374 0.677 0.533 0.014
PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8
PCA 19900503 2469258 1263719 111148 50544 14564 2793 1406
% 83.57 10.37 5.31 0.47 0.21 0.06 0.01 0.01
OLI'1 OLI 2 OLI 3 OLI 4 OLL 5 OLI 6 OLI7 OLI 9
OLI'1 1 0.994 0.956 0.908 0.496 0.425 0.452 0.156
Correlation analysis OLI 2 0.99%4 1 0.972 0.93 0.526 0.475 0.495 0.217
OLI 3 0.956 0.972 1 0.966 0.579 0.546 0.563 0.285
OLI 4 0.908 0.93 0.966 1 0.707 0.704 0.715 0.429
OLL 5 0.496 0.526 0.579 0.707 1 0.795 0.708 0.625
OLI 6 0.425 0.475 0.546 0.704 0.795 1 0.973 0.801
OLL7 0.452 0.495 0.563 0.715 0.708 0.973 1 0.759
OLL 9 0.156 0.217 0.285 0.429 0.625 0.801 0.759 1
2 16000
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3 1 Fig.3 Signatures of the main land cover classes of the test image
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3
Table 3 The mean values of the main land cover classes of the test image
OLI'1 OLI 2 OLI 3 OLI 4 OLI 5 OLI 9 OLI 6 OLI 7
Grass 1771.17 2391.88 3768.61 5002. 46 14957.07 516.18 12838.99 7949.99
Forest 678.75 892.67 1423.25 1675.26 6839.39 406.49 4759.73 3236.21
. 12786.93 14967. 84 17205.49 19518. 84 23132.72 522.84 19356.53 17159.97
New Built-up land
. 3592.85 4197.04 5239.00 6207.51 7735.11 361.07 7862. 15 6844.86
Built-up land
Bare soil 1731.78 2158.06 3052.74 4160. 28 7501.97 515.52 11604.91 9721.83
Water 1373.15 1853.79 2748.43 2009. 17 1166. 68 253.03 650. 20 585.71
Cloud 14201. 16 15357.36 15831.55 17273.93 21750.06 4344.95 20329.73 18007.71
3 Landsat 8
Landsat 8 o
3.1
Landsat 8 (OLI 8 )
;  Landsat 7 N ( 1+ 1),
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( 4). OLI ( 4a)
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Fig.4 Panchromatic images of OLI and ETM+ sensors
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Fig.5 (a) Original water image (b) - c) water feature showing in the deep blue and blue bands (d) the differencing image of the two

bands (e) enhanced 16-bit water image and (f) enhanced 8-bit water image
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Table 4 Statistics of main land cover classes in the cirrus band
Grass Forest Built-up Bare soil Water Cloud
Min 430 347 306 414 220 2439
Max 557 492 457 583 286 5802
Mean 516 406 361 516 253 4345
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Fig.7 (a) Cloud image (b) cloud in the cirrus band other features seen in ( a) are all suppressed (c¢) binary cloud image (d) image
of the cirrus band of the test image (e) enhanced impervious surface image using all multispectral bands ( f) enhanced impervious

surface image using all multispectral bands except the cirrus band
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Fig.8 Relative spectral response curves for bands of OLI as well as main land cover classes ( from USGS)
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