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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

RSB R

ZEE B G o R

o wEE  gp K Spatial  Radiomewic  {GEREE WEEKS  EE e Spatial  Radiometric
Sensor Band No. Band Wavelength resolution resolution Sensor Band No. Band Wavelength resolution resolution
/pm /m /bit /pm /m /bit
R 0.43—0.45 30 12
2 ¥ 0.45—0.51 30 12 1 W 0.45—0.52 30 8
3 % 0.53—0.59 30 12 2 g 0.52—0. 60 30 8
4 4. 0.64—0.67 30 12 3 AN 0.63—0. 69 30 8
ou  [NSINEZDEN o.85—0.88 30 12 4 LA 0.77—0.90 30 8
6  FWELL 1.57—1.65 30 12 ETM+ 5 WA 1.55—1.75 30 8
7 EWLAL 2.11—2.29 30 12 7 LA 2.09—2.35 30 8
0.50—0.68 15 12 8 Ea) 0.52—0.90 15 8
1.36—1.38 30 12
TIRS 10.60—11.19 100 12 6 MLHN 10.40—12.50 60 8
11.50—12.51 100 12

TR AR D B FH 4 1 I BES 5 Landsat 7 Xof I 9 B 22 D 4 10 PR A 8 A e R 2 1 e B

M1 el IEH B Landsat 8 B AT FFE .
(1) WBti% HE : Landsat 8 B T H A Landsat 7 Irf iGIE I BAb , 0 LA TG (E 1) .
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Fig.1 Spectral band comparison between Landsat 8 and Landsat 7 sensors (from NASA)
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Fig.2 Subset of the first Landsat 8 image used as the test image
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F BRI AL IERE SN Level 1T, BIE HEAT T2 T HUB A URIRIE , (H 1 TR, Landsat 8 7378 81X Bt
HIEVRSHOCN (CPF) MR B A, SR A I B Y3 2 1 ( gain ) D15 EL ( bias ) AR FHAP- 24 46 BB (ESUN) 45 2
BORTN, U TG EAR Y IR BE (B (DN ) B30l RT3 (TOA) ) 2R Jensen (¥ T J5 P B 15 %1 3
GRS IE . 36 2 HHH T & WAL S %2 R A ST THRHAE

F2 FHEHENEITHHEE
Table 2  Statistics of the test image
OLI 1 OLI 2 OLI 3 OLI 4 OLL5 OLI 6 OLI 7 OLI 9
FEARGEHRHE /M 208 208 208 208 208 208 208 208
Statistics kAl 15247 17660 20189 21744 25446 23329 17695 763
M 1764.739  2174.06  2949.846  3774.856  7430.722  8329.416  6531.492 427. 446
P2 769.008  900.659  1063.528  1356.698  1925.615  3005.565  2406.547 81.923
B EMS 0.100 0.126 0.165 0.253 0.374 0.677 0.533 0.014
PCl1 PC2 PC3 PC4 PC5 PC6 PC7 PC8
F AT 53 8T PCA FEIEE 19900503 2469258 1263719 111148 50544 14564 2793 1406
FAEE TR % 83.57 10.37 5.31 0.47 0.21 0.06 0.01 0.01
OLI 1 OLI 2 OLI 3 OLI 4 OLI 5 OLI 6 OLL7 OLI 9
LBy OLI 1 1 0.994 0.956 0.908 0.496 0.425 0.452 0.156
Correlation analysis OLI2 0.994 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
OLL5 0. 496 0.526 0.579 0.707 1 0.795 0.708 0.625
OLL 6 0.425 0.475 0.546 0.704 0.795 1 0.973 0. 801
OLI 7 0.452 0.495 0.563 0.715 0.708 0.973 1 0.759
OLI9 0.156 0.217 0.285 0.429 0.625 0.801 0.759 1
M 2 AT LUE s b 5 B i o i B 16000
PELLAM(OLL 6.7) B Bt . BT Am i 22 5 K, X o 54 14000 -
FAR L 83.57% W8 — E M (PC) TR AR, ¢ ° 0]
T MR E) 0. 677 A1 0. 533, 3 e i H At £ so0f
B, MiHEMG =B (OLL 9) M5 B i/, HAriE X co00
ZEHIXT PCY (4 TR BE B S e /NI . ARG SR, W] 4000 ¢
WAL WL (OLL 1—4 W B BARMIOHIE E J |

P LT AN R P BE(OLL 6—7 .9 i BL) o BA H58 1 A5G
P, I 21 A1 B 55 4% 0 Be i AR SC BE AR /T 0.8
I, X 3 AN B R 45 18 1 NI BGE T R S AT
DA R PR E M R A e BE 2 (8] B TUARE | AR B8 i H A0

OLI1 OLI2 OLI3 OLI4 OLI5 OLI9 OLI6 OLI7

B3 IUHEITELMBESLBNRG LML

Fig.3 Signatures of the main land cover classes of the test image

ML 2 0T LU H S0 AR 0 PG 50 4 7 A AR % 74 36 10 KR, A6 R R B, SRR SR DU 28 (R A RO
FELLOT e Ay S 130 %) R P b, S A L X FNRE B i 2 KA R8s, SR il A /b B T R iR
IKIE SR e R — A KA T8 R db . 8 3 FIEE 3 25 ifrh 3 1 Mo g o5 25 UG e S th 28 Fn
GiitRHE, T EEULRH R  NASA B G 2=Uk Bedi o0 9 kBt , (R LGS FE SEPR 2 A-F OLL'S A1 OLI 6 I
BrZi (£ 1), HILERE 3 sk 3 op K HE T 5 BB 6 P BLZ ], DL LS WL ) () i s Ak ka3
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Table 3 The mean values of the main land cover classes of the test image
OLI 1 OLI 2 OLI 3 OLI 4 OLL5 OLI 9 OLI 6 OLI 7
B Grass 1771.17 2391. 88 3768.61 5002.46 14957.07 516.18 12838.99 7949.99
FhHEL Forest 678.75 892.67 1423.25 1675.26 6839. 39 406.49 4759.73 3236.21
# H
%ﬁ%ﬁm b 12786.93 14967. 84 17205.49 19518. 84 23132.72 522.84 19356.53 17159.97
New Built-up land
Yivad i

g%ﬂﬁﬁ & 3592.85 4197.04 5239.00 6207.51 7735.11 361.07 7862. 15 6844.86
Built-up land
I Bare soil 1731.78 2158.06 3052.74 4160.28 7501.97 515.52 11604.91 9721.83
KR Water 1373.15 1853.79 2748.43 2009. 17 1166. 68 253.03 650.20 585.71
2z Cloud 14201. 16 15357.36 15831.55 17273.93 21750. 06 4344.95 20329.73 18007.71

3 Landsat 8 ZIGHIIEIFMEREEBTREETEN

FEAE KR R HER MR = A R R A SRR B R R A AR W ) O B As, R, U
X = REREHr Landsat 8 Fr A3
3.1 FERENEDY

Landsat 8 24 B (OLL 8 B ) I — KARAb & HOGIEE BN A & I 204 M B, DAV s SO LD
BER M Landsat 7 2035 B i K8 0 SE 3 M A 55 1 480 L AT 20N B i B K E Bl (| 1. 3R 1)
J T FEEx AR AR FE VR T Landsat 7 ETM+[a]— 1 [X. 2003-3-15 B2 (AR VE XTI, %5414
HIZREAR AR L RSAR (3 H 18 H) 584 —3, BARATIE 10 4% (B0 LUA Hi X 1) 1 1 56 78 3 0 1] IF %
HRAERKRZA (K 4), st enl UZ B 7E OLL s g b (E 4a) , MGG 6, Q078 3 75 36 1 ik )
AARHILFR R S A DX L A SR Al DR AR AR | R S b A AR AR A X R 2B, TR T ETM+ 2 (5214
EDULEErT LA AR B AR, S A D PR AR DX N RIS |, e ol 2 J 3 DX e ey A i 2 SR 1Y

SERERHER , AR W R ZEANMEAE OLL 2 (s AR TSR S | DHARMEDC ] (1 4b) . AR ETM+2 A B F

WG T IELLAME B, PRI T R AR — A DX ) A S SR, AT S B SR S BE RS K *E%EZ'—ﬂHE
B A BME T X 435 11 OLL 4= (5248 b AN A0 5 30 21 A0 U B i I A 1) F 4 o s A b A Bl MR A 15 8
X5,

B4 Landsat 8 OLI 5 Landsat 7 ETM+H £ &%

Fig.4 Panchromatic images of OLI and ETM+ sensors
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AR S5 R AR AL KRR 2 (] Sa) o SERIHT MNDWI KRR EC | KR SR I ok, SRS 137K
TREGIME . 3 W] LU /KRB EE A OLL 1 3 OLL 3 P B B i T, SR G B N RE . B I /K i Rt
HIEREAE WA TR MRS, R S BRI R S ST R A 2 5e Th R R REAR T DRI, A X — K AR 877
Wy e . ANIEL 5 R AR HY 20K AR AR TR A D BE Y SR SRR T DO BB (AT LA KR &) , —H 122
ER A (RO I BOR TR IE P BE) 2 1 T8 Wk B 25 AR LT A3 07 VR BE 22 RO . AR IR R B vy iy

BUAT Bl T 7K AV o A 1) ) BT
b L EL ' o WbWR ' I
©Lrny (OL12)
v j

. | -
-y g:'ﬁ L R _J 3

..I ..I

d ZE¥G
(OLI 2-OLI

5 (a) KIERE, (b).(c) RE.FEABEERMHMKEHE, (d) ZEXEAIRUNBZWIREZE, (e) 16 bit EEHK, (f) 8 bit
HERR
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

Landsat 8 75— # R 248 5 T AR VRS R B IRSAR A 4R T 0 HE32 R 16 bit, HOR &b IX
1] A 0—65536 , KA M Z A 8 bit kY 0—255 BALIXIE], A T LR % EX — AL 38, AT L REAR
ZRACA B KR TSR, BR T H 16 bit MBHEIEAT LI A6, 04 546k 8bit, B ETM+321%, LAEATXT
Fo. B Se f XK IGEFT X BESESR S5 3519 16 bit F18 bit B/KMATEAR . FTLIAE &Z P, 16 bit S84 11
R {5 B TS 8 bit ETM 52448002t B0 B 2o R R 52, R 3R A% 4t 3 N B ir 3=
B AR AR HE A B i T 3 G I DX R A R R B 52 3ONT I S AR AR A A K AR B AR SRR 1 B AT A
RREH B
3.3 R RIAS I K SR Hh i

B G = B (OLL 9 BB BYME B EARMR (3R 2) ,ixX T B Py Hip BOG I Bl B9 3 B A 2L T R
T T, TR A T 50 ZU R AW CHT (T 1), B 43 i T S S 0 P i A J8 Tk 2 K2 b e TR B
RS AL BRI IR RE S ENER . XFE, S AEE A6 SO R 38 B (Anvb + i S )
B W BN XAt mT LARE Bz B BRI LA 3], 3 3 FE 6 v LUE i, 2 A 5 56 10 37 8 590
FE IR 3D B ELAT AL A S S S R AR AIE , T X0 (E ARG = 0 B (9 D) &b, 2= ) S 9 S B I v T o it
S HE , PR o] 3 B ROR A B . 3R 4 RS BB RIE B m I B G HE, W RT LU, = B dse/IME D
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RPAEATHE MR A R RAE, t, AR B, T LA o m FH e, |7 A s aoh—/ N
TR A G KRR R, KBTS = B B SR/ IMELAE D B R AT LA R 2= 45 R
Kk,

R4 BUEEEZTEROGITREER

Table 4 Statistics of main land cover classes in the cirrus band

H Ml HEFHIH B PIXN =
Grass Forest Built-up Bare soil Water Cloud
#%/]ME Min 430 347 306 414 220 2439
K AH Max 557 492 457 583 286 5802
SEH{E Mean 516 406 361 516 253 4345

R K, &P B TSR =4, A B 25000
T H S, 78F FDG S 53 (SMA) FoR
BRI S35 K T 125 8 618 8 — A 2 Bt 2
HEAS /K A PR M SR T 1 s
BV DT T DA 25 B R B ] 7 25000 X
BEWBOB AR ACGBIOE LMD BOESN s ——%

P € R R ], 0 2T # 6, A AT A S 1 AR

20000

15000

IR JE{H DN

10000 -

mg ﬁ’ﬁ@ﬁ%l‘] l//( "’*Qiélﬂj‘jﬂf Uﬁ%ﬂﬁ'ﬂim iy OLI1 ‘OLIZ ‘OLI3 ‘OLI4 ‘OLIS ‘ OLI 9‘ OLI 6‘ OLI 7‘
M 4 ] LI SR TE S = i B {8 516, 1 A E6 =My Re e
fﬁml&ﬂﬁ 361 . iﬁ%ﬁﬁ%ﬂg%Fi Eﬁﬁ%?}ﬁ%‘ R :%‘ Fig. 6 Signatures of cloud and new built-up land
HAEWNRRRZE,

R T BTG A 2 I B AT X - RN A SRR B K A B B, AT Wu B2 PE IS i
ARUIXARIAT T REK AR BRI, S 2 MR, DRSNS E S 558 (K
Te) ,— MR T H P =B (BN Landsat ETM+) (& 7f) . MWE 7e Al LAE Y, HAL 3 HHELL 0K
X, MR RSB A2 N (0, B R i 76 A6 A AR R AT, S5 EE S B R E A TN E
Te KM, ERINTEN, B I BS 5K NANE KN ES T E N HE A 2. 151, T BR = 3
BURSEIS A LLMEA 1.91:1, FI& LS B IR S T 12.6% , AR ULE 3 1 R 258K, t‘ﬁ%l:éu\
Pt INAE = BB ARA A T 8 1 IX 5, S THRGEHE PR AT FH S5 [ 1 S5 o A Jmy 1) Y 15 45 s 3145
OLI I8 45 Ik BE A Y6 1 i 17 bR B8 5 B ) ) I SR i 21 ) aT LA, RS 8 (i \%HRE\HM.%
) TEG = W B B A — A B B e s i e A HoxX — R AE , 2 8 P I (B 8) o Al L, B = ik
BERRSTHAS RS 8 W A R R R AR AR LA X AR B T S e s R W B X T AR
Landsat &5 AR, T Z 620 B, Bt H 38 5 T Y — R e 2040 550 0 2050 2Z (8] (4 )63 il
LR R RE BN 0 S U, RIS S R A A RRAE , PR AE TM/ ETM + 5245 AS3gs /K T B A - 498 B ufE
[X/\O
4 it

RS Landsat 8 TLRA 2 MMERAS (OLL 1 TIRS) » B8 T8 4% 54 Landsat 7 T8 09 JL 7 45 5 4h,
Landsat 8 7E I Bt ik & LA HT8 T VR W Ik B G 2 D B, e SR LT A D B i L I T 2 AT
HNBEBE, BRILZ AN, Landsat 8 WA T 3 21 A1 BE A4 €0 0 B (96 1% 15 [, K 40 5 20 HE R A 8 bit 42 i 2]
12 bit,

SCYGFR HTE I 2 U BT IR 3 2 2 (AR, BRI =2 A1, o T 0% BE Y 61598 Bl TR £
WA BT, PR o] A5 3 A RRAE A8 B T 3R SR AN K T 8 0 X ), PR D BE ik S A Bh T

http ; //www. ecologica. cn



3256 JAE = 33 %

E7 (a) HEEEHEEE, (b)BZRERPHZ, EEMERTEZRRRFEXMMENG, () ZHRIZEK, (d) IBRZKK
&, (e) REKEIELRER(RMEE) ; (f) FBEKEERE D (HIBRE BB

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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