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Tab 1 Test image pairs

i &I H 1 Fit 1) KA A KBTS LR E E b gk
B ETM+ 10:22 66.70 98.27 0 .
El| 2001-05-23 I3F
ASTER 10:48 75.21 108.57 2.863
B ETM+ 10:20 49.51 144.43 0 .
M 2001-10-14 Sy
ASTER 10:51 53.30 157.43 2.863
‘ ETM+ 10:21 49.90 132.20 0 .
EI] 2003-03-10 SLG
ASTER 10:49 53.86 140.53 -5.699

#i3 (barren) Fth (forest) i (grass)
(B I5 AP

Fig. 1 Some of the test sites
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Tab 2 Characteristics of the built—up index-related bands """

Landsat ETM+ ASTER
B AT [l (um) S HERE(m) B Y ] (um) 53983 (m)
Band 2 Band 1
Green
(0.52~0.60) (0.52~0.6)
Band 3 Band 2
Red 15
(0.63~0.69) 30 (0.63~0.69)
Band 4 Band 3N
NIR
(0.76~0.90) (0.78~0.86)
Band 5 Band 4
SWIR 30
(1.55~1.75) (1.60~1.70)
723 A BB A AR RIME RS SHIEE IBI . NDBI S8 80A X m 45 B B 452

THAE.
2.5 BHIEHETE
2.5.1 NDBIFE# VH—AbESFEECNDBI i Zha Z542 10, HA A =0h
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Spectral response
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Fig. 2 Relative spectral response functions between ETM+ and ASTER sensors in built-up index-related bands

(Plotted using the data from CEOS WEB, http://calvalportal.ceos.org)

£3 9/MERX K ETM+5 ASTER BHIEHIHE X BB G ITHHE
Tab 3 Statistics of the built—up index—related bands of ETM+ and ASTER image pairs of the nine test sites

ETM+ ASTER
MBS B B B B RMSE
B bR Wl bR
PR FE o
Green 2 0.1998 0.1237 0.0296 1 0.2308 0.1431 0.0337 0.0207
Red 3 0.2783 0.1088 0.0418 2 0.2526 0.1140 0.0410 0.0137
NIR 4 0.3471 0.1830 0.0705 3N 0.2912 0.1797 0.0578 0.0216
SWIR 5 0.4642 0.1414 0.0807 4 0.3885 0.1583 0.0686 0.0284
Dppi - SWIR=NIR
NDBI= G NIR (4)
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2.5.2 [BI1E%Y  IBIESHEECR M Xu P4 ) — R AR O s A T8 4. BRI 3 A
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Bk NDVIP T AR B 2 AR SE IR X, BT LASE NDVIAC R AW . NDVI,

MNDWI 89725550 -
_ NIR-RED
NDVI= N IR RED

MNDWI = GREEN - SWIR

GREEN + SWIR
HIIX 3 MR E ) IBHE A N -

)
(6)
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NDBI - MNDWI+ NDVI
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NDBI + MNDW]2+ NDVI

BAR@~ORALK(T), "I IBIE— KR
1Bl = 2SWIR/(SWIR + NIR)—[NIR/(NIR + Red) + Green/(Green + SWIR)] g
= 2SWIRI(SWIR + NIR) +[NIRI(NIR + Red) + Greenl(Green + SWIR)] (®)
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BRI 2L, IS ETMX R I FE B0 G121 4 RiE 23 (] (K 3e~d).
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X SR I — 3 SR B R R T R (GR 5). HSERIH R SR SE R TR, # ASTER

F4 INMEX K ETM+F0 ASTER Z HIE S ITHHE
Tab 4 Statistics of the built—up indices between ETM+ and ASTER of the nine test sites

ETM+ ASTER

B ——— — e RMSE
e SAE bR
NDBI 0.7175 -0.1785 0.1573 0.5460 -0.0917 0.1217 0.1141
IBI 0.6072 -0.1578 0.1358 0.4382 -0.0987 0.1004 0.0856
1 T 1
(a) NDBI (b) IBI
0.5
+ +
2 o 2
=] =
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-1 L 1 1 1 L L
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+E g
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2 o
o
& 5
%) <

< _1 \ \ . . 1 X . \ .

-0.6 -0.4 -0.2 0 0.2 0.4 -0.6 -0.4 -0.2 0 0.2 0.4
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3 9/MFEIXI ASTER 5 ETM+AE SR B Bl B RIS (R
Fig. 3 Scatter plots of NDBI and IBI of ASTER vs. ETM+ and the difference image of (ASTER-ETM+) vs.

the corresponding ETM+ index image of the nine test sites
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%5 ASTERS ETM+EHISHMHFHIRFTE
Tab 5 Equations for the build—up index conversion between ASTER and ETM+

ER Ttk R
NDBI E = 1.1458A - 0.0735 A=0.6975E +0.0329 0.799
IBI E = 1.2230A - 0.0370 A=0.6754E +0.0078 0.826

#: EfRRETM+, A ASTER; g it p = 0.001 i F 50

0.6 : 0.6
(a) NDBI
0.4 0.4

E 02 B 02
o 3B
B 3
[} )
9 0 ] 0
[=}
S =

-02 e RMSE=00544 -02 RMSE = 0.0477 ]|

0.4 . A . N 04 . ; . :

04 02 0 02 04 06 04 -02 0 02 04 06
Actual NDBI Actual TBI

K4 ASTERBY ETMHER TS SEbn ETMHEESUHE Bt L
Fig. 4 Scatter plots of modeled built-up index vs. actual built-up index
AR IE BT S ETMARZ R DR R BOAR. CRARBLLEAR) 5 SR )5 F Bl
ARG XN ETM+SE B8 802 5 CRARSERRRAR) 2EAT AL, a1z may
RMSE AP 45y FERBAAE B o 184 o, TR A SR 98 £y S Bn {5 TP Y B
SCARTEAERUT 1:1 L2 REOSFRI i, —H A RMSEWARE N, 735074 0.0544 (NDBI) Fil
0.0477 (IBI). XUtHIIE 2 5 5 52 05 R AT LASK BRI % I8 A 1Q LR S SO AR B e 4o

3 &GRSR

SLIRZEREH] . ETM+5 ASTERSZAGXT I S FE B0 RIBE A —E A LM:, AR
25K 3~4, £4~5), RIE:

(1) ETM+15j ASTER S 145 I B #8502 (M) i 8 R RPERTE 0.8 2247 (3R5), HA
BT B ZRMEA D R AR o (FJ2 0.8 247 1 RAMEIFFARAR A, UL & BN AR R
EFEE HA 80%A T, 73 20% G FAEAHEM . —F M RMSE(EATX0.11 (F£4), i
W BH X I (A48 B AE—E 220

(2) ASTER EE5 48 # A ¥I(E TGI8 /& NDBI 83 J2& IBI# B . K T ETM+XF 10 ()48 5 (R
4), EWEIAE FH BRI EUS E F(F 3c~d). ASTER 2 ETM+E UG E ) 25 (E 5
BINHUS I ER A FE OB ) )y, Fon H2ZEE KR KT 0. (HE 3c~d H BHELE 5>
A5 B A B ETM 35 BUE () 38 R R ka3, I et 7 oo e SR BB %) 3t DX G R
RSP RSX), ETMHEAR A A8 8UE 2 M T ASTER #14.

i F ASTER 5 ETM+M G 58 502 RIAF7E— E M 22 5%, PRGAE S B iy FH A BDRE —
B ROE R B R EHEXT e, O T — @ IFE A BEXT o R ARG AR AT 10—



1342 o FEOWE 5T 324

BRI AT (FR5) WHTHEHAT LU, K s & @8 52 [l RMSE 12 22 1] kK
W& /N . NDBIHE AT 0.1141 R FEM 0.0544, [EIEIA 52.2%; IBI 5K ) 0.0856 T [N
0.0477, F&IEIL44.3% (4. K4),

ASTER 5 ETM+ [ 8 S48 50 2 18] 4716 22 5 (14 JEL R E T NDBI R IBI 48 55 (v i3 4B 1
TR LANSWIR) AL LLANNIR) I B, M3 AILIFE H, ASTER FIETM-+H7EIX Wk B
EZRHEK, AT RMSEEARR TR IEAILE . SR BI RMSE (., X AP 225 R 8 M
F ORI B R K9 s S s o7 pR B A BB B i 22001 5 | iR g (2 2. 1A
2)o AR, IXFRUE BT Y 22 S SR S A% i B i A R ) @ SRS B T A, T
ETM+5 ASTER SR A5 5N Y 25 57

ASTER #5045 B HME 55 F ETM+A9 L R U 7E F ASTER 7E SWIR P B (FG1E K 3544
{5 F ETM+X] i SWIR I B 5, i VIR U B i394 SU/NF ETMA+XT NIR % B 13y
B(£3)o MDA EA N AKX@E) . QKRE, X —H—ul (4FHm, 7a:ml)
WASRAEASHE 3K AN I B ) 3 S A8 B T3, ASTER R S48 BORAS T H = i
. IXTENDBI RIS AR, Bk NDBIFEEUA X I Betb i, FrlL ASTER (%
PHE T ETM+ 48.6%. T IBITEEUH TIMA T 40, &R E, HXMAMNEBISHEER
K/N(FE3), Itk ASTER [ IBI 6 50 K T ETM+11) IBI 45 50 0 & A it T e, (Hdnik 3]
37.5%. WIRMEIERARTE SR B E I 22 5 [RIRE 2 B AT THE NIR A1 SWIR I Bt B K Bl i
B g 0 R B 22 A 5 TR . ARIERCRI SR BR E0IFE H, FH T ASTER %) VIR 3 B 1
WK BEE TN X7, RS R SR ALF ETM % VIR B . e
SWIR P B, W T ASTERZH B A I T 2B B 245 T X ) ETM+HR B (| 2), FrA — &
B R ST . BAR, PRMLIRRER X N I B K B AR R R 8T e TR s 5
HIZES .

PRI BN H , ETM+5 ASTER 321575 BI85 LWy & 728 B B4y T A 14
NDBIF&H LW G FERE o X FRINAE PRI AL IR s IBL G ¥ J7 B2 19 R(H R 0.826, KT HAE
NDBI0.799 (F5); iR & B IBITE 502 719 RMSE 4 0.0856, /NFHAE NDBI ()
0.1141 (F4). PRI BENA TR AR B4 I PR OV 7E - P Fh 48 B0F B3 B (AN TRl . NDBIAY
Hi NIR 55 SWIR P BER (220 4), B IFIEE 448 H, ASTER Ml ETM+7E 1% A B it ot
TR N PR 2 BRSO, BRI A PR X A U B B R B2 S A bh K . RO IBT AR
B, HA R T XA BN, A T IYGRILT . SR B (A3 8). 1T ASTER Al ETM+
TE X AN B 0 it o 1 pR B X Fu s di (B 2), AL &S, RMSEfA A/ (%
3), FrLYENT— i AR IBITREET, SRR VIR F0 SWIR I Bt 2= 55, (A5 wisp
LIRS IBI W4 LB 5 TAUT] NIR F1 SWIR I BeAs 1 i) NDBIFE %%

4 Zhe

ASTER 5 ETM+ 5444 s 1 () Sl S48 B A — e A, (R A B2
ASTER WiFPEESFE5L (NDBI., IBI) {EAEH R KT ETM+XT L 5 50 358, 1% B 53]
iK5148.6% (NDBI) F137.5% (IBI). WHFPHE AR TE S0 T8 2R X Fp 22 5 E 22 edl]
1 SWIR FIl NIR i B 0% K 15 B A im0 B 22 55 Y .

HF ASTER 5 ETM+2 R B SRR Bz WA fE G W B i 22 5%, IR — 3 i as 5k



78 TRk % Landsat-7 ETM+5 ASTER ZE 5145 800 & it HL 4 1343

SERANH R R AR R ARAT A 40y R A 7 2 48 S P LA P A2 e ol oy 2 350
SR 22 SERRAK 44.3% (IBDF152.2% (NDBI),

PIRIME A LE IBIFRECZ M W) & B 07T A 14 NDBI Z R & 5, LR RAEF
FREH B B ANTR] . NDBI 4 R 6T 22 57 5 52 19 SWIR FNNIR 5 BeFA B, 1T IBIAS Y6k
FESREUNNLL | LRGBS SR, LIRS T8 NDBI = W) 4 7% .

ASTER HI ETM+5A% (123 [ /3 BERAE 1] WG AT LT A BER AR B, X — ARl AT g
SH R HENREZ RN ZES, AR5 IEEX R — 2.

2% L Hk(References)

[1] Dinguirard M, Slater P N. Calibration of space-multispectral imaging sensors: A review. Remote Sensing of
Environment, 1999, 68(3): 194-205.

[2] Chander G, Markham B. Revised Landsat-5 TM radiometric calibration procedures and postcalibration dynamic ranges.
IEEE Transactions on Geoscience and Remote Sensing, 2003, 41(11): 2674-2677.

[3] Chander G, Meyer D J, Helder D L. Cross-Calibration of the Landsat-7 ETM+ and EO-1 ALI sensors. IEEE
Transactions on Geoscience and Remote Sensing, 2004, 42(12): 2821-2831.

[4] Teillet P M, Barker, J L, Markham, B L. Radiometric cross-calibration of the Landsat-7 ETM+ and Landsat-5 TM
sensors based on tandem data sets. Remote Sensing of Environment, 2001, 78: 39-54.

[5] Thome K J, Remote Sensing of Environment, 2001, 78: 27-38.

[6] Thome K J, Biggar, S F, Wisniewski, W. Cross-comparison of EO-1 sensors and other Earth Resources Sensors to
Landsat-7 ETM+ Using Railroad Valley Playa. IEEE Transactions on Geoscience and Remote Sensing, 2003, 41(6):
1180-1188.

[7] Steven M D, Malthus T J, Xu H, et al. Intercalibration of vegetation indices from different sensor systems. Remote
Sensing of Environment, 2003, 88(4), 412-422.

[8] Goward S N, Davis P E, Fleming D, et al. Empirical comparison of Landsat 7 and IKONOS multispectral
measurements for selected Earth Observation System (EOS) validation sites. Remote Sensing of Environment, 2003, 88
(1), 80-99.

[9] Soudani K, Francois C, le Maire G, et al. Comparative analysis of Ikonos, SPOT and ETM+ data for Leaf Area Index
estimation in temperate coniferous and deciduous forest stands. Remote Sensing of Environment, 2006, 102: 161-175.

[10] Thenkabail P S. Inter-sensor relationships between IKONOS and Landsat-7 ETM+ NDVI data in three ecoregions of
Africa. International Journal of Remote Sensing, 2004, 25(2): 389-408.

[11] Venturini V, Bisht G, Islam S, et al. Comparison of evaporative fractions estimated from AVHRR and MODIS Sensor
over South Florida. Remote Sensing of Environment 2004, 93: 77-83.

[12] Van Leeuwen W J D, Orr B J, Marsh S E, et al. Multi-sensor NDVI data continuity: Uncertainties and implications for
vegetation monitoring. Remote Sensing of Environment, 2006, 100: 67-81.

[13] Bhr. BEtilee. F552. N [R) 1 It (0 R ADURR B i B0ORT K s - 1 AR 507 7 00 A B R R 20 A 18 R4 41, 20009,

12(1): 143-151.

[14] Miura T, Yoshioka H, Fujiwara K, et al. Inter-Comparison of ASTER and MODIS Surface Reflectance and Vegetation
Index Products for Synergistic Applications to Natural Resource Monitoring. Sensors, 2008, 8(4): 2480-2499.

[15] #ik, 5Kk %. ASTER 5 Landsat ETM + AH @48 BN AE B LR, JEi# 5615434, 2011, 31(7): 1902-1907.

[16] JKERZE, TRk, 3T MNDWIKUAEEUY ASTER 5 ETM + FARSS T HUBIFSE. AT, 2010, 31(4): 1244-1252.

[17] Irish R. Landsat 7 Science Data Users handbook. http:/Itpwww.gsfc.nasa.gov/ias/handbook/ handbook_toc.html, 2011.

[18] Abrams M, Hook S, Ramachandram B. ASTER User Handbook, version 2. http://assterweb. jpl.nasa.gov/documents/
asste_user_guide v2.pdf, 2011.

[19] Zha Y, Gao J, Ni S. Use of normalized difference built-up index in automatically mapping urban areas from TM
imagery. International Journal of Remote Sensing, 2003, 24(3): 583~594.

[20] Xu H Q. A new index for delineating built-up land features in satellite imagery. International Journal of Remote



1344 P OB 5 3245

Sensing, 2008, 29(14): 4269-4276.

[21] Xu H Q. Modification of normalised difference water index (NDWI) to enhance open water features in remotely
sensed imagery. International Journal of Remote Sensing, 2006, 27(14): 3025-3033.

[22] PRIABK. T IERAE AN — (A BB A ST A ST A5 4R HUBEATSY, 2005, 24(2): 311-320.

Quantitative comparison of Landsat 7 and ASTER multispectral
measurements for the NDBI and IBI

XU Hangqiu, ZHANG Tiejun, HUANG Shaolin

(College of Environment and Resources, Fuzhou University; Institute of Remote Sensing Information
Engineering; Fujian Provincial Key Laboratory of Remote Sensing of Soil Erosion and Disaster Protection,
Fuzhou 350108, China)

Abstract: Accompanying with accelerated urbanization processes, urban built-up lands have
expanded dramatically and caused negative impacts on environments and natural resources of
the world. Thus, there is an increasing need to monitor the dynamics of the urban built-up
lands. Of the medium-scale earth observation systems, Landsat and ASTER systems are most
suitable for this monitoring task. Nevertheless, the relationship between the built-up indices of
the two sensors has not yet been revealed so far. To quantitatively investigate this
relationship, this study crossly compares the NDBI and [BI built-up indices of Landsat-7
ETM+ and ASTER sensors based on three tandem image pairs. Regression analysis was used
to examine the quantitative relationship through the scatter plots of the built-up index values
of the two sensors. This yielded the models for the conversion between two sensors' built-up
indices. Results indicate that there are differences in the compared built-up indices between
two sensors in spite of a high degree of correlation between them. The values of the built-up
indices of ASTER are greater than those of ETM + by 48.6% in NDBI or 37.5% in IBI.
Accordingly, the built-up index information derived from ASTER data cannot be compared
directly with those derived from ETM+ data in the applications. A conversion between them
using the conversion models obtained in this study is recommended. Detailed spectral
analysis reveals that the differences in band wavelengths and spectral response functions of
the near infrared and shortwave infrared bands between the ETM + and ASTER sensors
contribute to the built-up index difference between the two sensors. This is because the NDBI
and /BI are composed merely or mostly by these two bands.

Key words: Landsat ETM+; ASTER; NDBI; IBI; cross-comparison; spectral response function



