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from the agri-expert system is near to true value with
greater accuracy which can be enhanced the decision
making ability of end users for the betterment of farming
community.

The findings of the present study confirm that more re-
spondents belonged to ‘innovators’ category with special
reference to the use of KAU expert system when com-
pared to Roger’s standard. Innovation proneness was
positively and significantly related with the extent of
adoption of the expert system among all three categories
of respondents. Even though a fair percentage of respon-
dents belonged to the ‘innovators/early adopters/early
majority’ category, there was a gap between laggards and
innovators. This gap should be reduced by imparting
proper training for augmenting the usage of agri-expert
systems for effective decision-making with precise, cor-
rect and timely information.
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Landsat 8 (L8) is the only normally operating Landsat
satellite at present, and the Earth Observing One
(EO-1) Advanced Land Imager (ALI) was the proto-
type for operational land imager (OLI) on-board the
L8 satellite. To comprehend well the differences in
spectral characteristics between the two sensors, six
nearly simultaneous image pairs were selected, which
included five land-cover categories: water, bare soil,
vegetation, manmade and rock. Moreover, compari-
sons of spectral characteristics were made through
orbital parameters, imaging parameters, spectral
response characteristics and spectral characteristics.
Finally, the mutual quantitative relations were built
up among these image pairs. The results demonstrate
that Landsat 8 OLI and EO-1 ALI have similar
orbital parameters. With regard to the imaging and
spectral response characteristics, the top-of-atmo-
sphere (TOA) reflectance and normalized difference
vegetation index (NDVI) of EO-1 ALI are slightly
different from those of L8 OLI, but there is a high
correlation between EO-1 ALI and L8 OLI of TOA
reflectance and NDVI, with the coefficients of deter-
mination ranging from 0.962 to 0.994. Therefore, the
TOA reflectance and NDVI images from the two sen-
sors are complementary.

Keywords: Top-of-atmosphere reflectance,
characteristics, image pairs, vegetation index.

spectral

To probe and quantify long-term changes in the earth’s
environment using satellites, one usually relies on multi-
sensors and multi-date datasets. However, the quality of
remote-sensing images varies as a result of atmospheric
attenuation, sun-looking geometry parameters, orbital and
imaging parameters, etc.'. Consequently, to monitor
changes over time, it is crucial to comprehend the dis-
crepancies between different remote sensors.

Landsat-8 (L8) launched on 11 February 2013, is the
only normally operating Landsat satellite at present. It
carries two sensors, Operational Land Imager (OLI) and
Thermal Infrared Sensor (TIRS). Earth Observing One
(EO-1), launched on 21 November 2000, has three sen-
sors on-board, including the Atmospheric Corrector
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Table 1. Key specifications of EO-1 and L8
Platform EO-1 L8
Sensor ALI OLI
Launch date 21 November 2000 11 February 2013
Number of bands 10 9
GSD (ground sampling distance; m) 10, 30 15,30
Swath (km) 37 185
Pixel quantization (bits) 12 12
Obit type Sun-synchronous Sun-synchronous
Equatorial crossing time 10:01 a.m. £ 15 min 10:00 a.m. £ 15 min
Altitude (km) 705 705
Repeat cycle (days) 16 16
Table 2. Spectral coverage, GSD, mean solar exoatmospheric irradiance (ESUN};) and calibration coefficients of EO-1
ALI sensor
Spectral range ESUN, Gain Offset
Band (um) GSD (m) (Wm™? pm™) (W m?2 s pm™)/(DN) Wm st pm™!
EO-1 ALI
1P 0.433-0.453 30 1857 0.045 -3.4
1 0.450-0.515 30 1996 0.043 —4.4
2 0.525-0.605 30 1807 0.028 -1.9
3 0.630-0.690 30 1536 0.018 -1.3
4 0.775-0.805 30 1145 0.011 -0.85
4P 0.845-0.890 30 955.8 0.0091 —0.65
5P 1.200-1.300 30 4523 0.0083 -1.3
5 1.550-1.750 30 235.1 0.0028 —-0.6
7 2.080-2.350 30 82.38 0.00091 -0.21
Pan 0.480-0.690 10 1724 0.024 -22

*From ref. 16.

(AC), Hyperion and Advanced Land Imager (ALI)>. EO-1
has been continuously obtaining data since then®. The
ALI data were frequently employed to compare them
with data of other satellites, such as Landsat 7 ETM+
(refs 3-7), MODIS*’, LISS-III (ref. 1) and Landsat 5
Thematic Mapper (TM)*’.

Top-of-atmosphere (TOA) reflectance is used to esti-
mate the vegetation index (VI)'°'?. VI has been exten-
sively used to describe the vegetation cover condition and
the growing state of vegetation qualitatively and quantita-
tively". VI derived from TOA reflectance is closely con-
nected with the vegetation biomass and leaf area index
(LAI) of canopies'®. These indices are usually applied in
many ecological models using remotely sensed informa-
tion as the driving variable'"'*. Normalized difference
vegetation index (NDVI) is a universally utilized index
among VlIs. It is recommended for the comparison of
cross-sensor VIs'.

Combining the analysis of orbital and imaging parame-
ters, spectral response characteristics, NDVI and TOA re-
flectance, this communication aims to compare spectral
characteristics of L8 OLI imagery with those of EO-1
ALI imagery, and to evaluate differences in spectral
characteristics such as TOA and NDVI between OLI and
ALIL
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Table 1 displays the orbital parameters of L8 and EO-
1, such as orbit type, equatorial crossing time, altitude,
repeat cycle. Tables 1-3 compare the imaging parameters
of ALI and OLI. The swath width of OLI is 185 km and it
is for ALI 37 km. The data quantization for ALI and OLI
is 12 bits respectively. EO-1 and L8 have the same spatial
resolution for their multispectral bands, i.e. 30 m. There
are seven similar bands between ALI and OLI (viz. OLI
1, OLI 2, OLI 3, OLI 4, OLI 5, OLI 6 and OLI 7) (Table
2 and Figure 1).

Figure 1 displays the relative spectral response (RSR)
functions of L8 OLI and EO-1 ALI, and the spectral
reflectance curves of some typical targets such as vegeta-
tion, soil and water. ALI has two narrow near-infrared
(NIR) bands, namely ALI 4 and ALI 4P (ref. 1). How-
ever, L8 OLI is designed with only one NIR band, and
the spectral range of OLIS overlaps ALI 4P. Bandwidth
of ALI is wider compared to that of L8 in the correspond-
ing bands, except OLI 1 and OLI 2.

To compare the spectral characteristics of the two
sensors, the near-simultaneous images acquired by the
remote sensors should be chosen. Here, six synchronous
image pairs were chosen from China for EO-1 ALI and
L8 OLI (Table 4). Each image pair has a similar solar
zenith angle. The difference in imaging time is within
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Table 3. Spectral coverage, GSD, mean solar exoatmospheric irradiance (ESUN};) and calibration coefficients of L8 OLI
sensor

Band Spectral range (um) GSD (m) *Multiplicative rescaling factor *Additive rescaling factor
L8 OLI

1 0.433-0.453 30 0.00002 -0.1

2 0.450-0.515 30 0.00002 -0.1

3 0.525-0.600 30 0.00002 -0.1

4 0.630—0.680 30 0.00002 -0.1

5 0.845-0.885 30 0.00002 -0.1

6 1.560-1.660 30 0.00002 -0.1

7 2.100-2.300 30 0.00002 -0.1

8 0.500—0.680 15 0.00002 -0.1

9 1.360-1.390 30 0.00002 -0.1
*TOA reflectance rescaling coefficients.

Table 4. Common OLI and ALI image pairs used here

Scene centre Solar elevation

Location (in China) Date scan time (GMT) Sensor  Path/row ©)
Dunhuang City, Qinghai Province 2013/05/14 03:54 ALI 137/32 59.03
04:21 OLI 137/32 63.25
Nantou County,Taiwan Province 2013/07/05 01:51 ALI 117/44 60.47
02:23 OLI 117/44 67.99
Wuyuan County, Inner Mongolia Autonomous Region ~ 2013/09/11 03:00 ALI 129/31 46.71
03:32 OLI 129/31 49.58
Qitai County, Xinjiang Uygur Autonomous Region 2013/12/04 04:11 ALIL 141/29 21.79
04:45 OLI 141/29 19.22
Zhaoqing City, Guagndong Province 2013/12/06 02:15 ALI 123/44 35.18
02:59 OLI 123/44 40.30
Dunhuang City, Qinghai Province 2014/03/14 03:37 ALI 137/32 37.46
04:20 OLI 137/32 42.80
a T %8 ferences are related to the geometric position of sun—
N 2 e satellite-target. The very small regions of interest (ROIs)
: (R iy for each land-cover category from these image pairs were
3 : tor chosen in order to weaken the topographic effect. More-
x il B —hilos over, it is helpful to compare the spectral characteristics
9 Mo i =" o p p Y
= i || —aus 2  for each ROI by statistical analysis on spectral reflec-
2 b |—Aus 04 s y y. . p .
N [ ; e E ] tance (e.g. mean and standard deviation). This can also
© | T8 | AL = . g . . .
£ i il i ~ ToMT 03 8 effectively reduce the geometric correction errors. Finally,
z ne i il frihy | | PO 71 ROIs were chosen from the 6 image pairs with pixels
1A H K (] ‘ gep p
L U u :LJ: i t T more than 50 for each ROI, which included 13 water
i3 L8 H ) ~ — 0. . .
Rk i SRR e | ROIs, 18 vegetation ROIs, 25 bare soil ROIs, 5 man-
T T T T IIIlII | I L I L B 0.0 made ROIS alld 10 I‘OCk ROIS.
04 06 08 16 18 20 22 24 26 28 There is usually a linear relationship between the
y p
Wavelength (um) response of remote sensor detectors and incoming
Figure 1. Relative spectral response (RSR) of EO-1 ALI and L8 OLI radiance. Depending on the sensor, this response is quan-

in the corresponding bands and spectral reflectance curves of some
typical targets (e.g. vegetation, soil and water).

45 min between EO-1 ALI and L8 OLI. One can assume
that the atmosphere condition is similar for each image
pair'. Land-cover types of these test sites include water,
vegetation, rock, man-made and bare soil.

Topographic effect usually results in different radiance
for the images acquired by the remote sensors. The dif-
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tized into different digital numbers (DNs) representing
brightness values. The DNs can be converted to apparent
radiance by calibration coefficients'. The TOA reflec-
tance is then computed as

nL,d*

o (D
ESUN, cos 6,

Proa =

where proa is the TOA reflectance, ESUN the mean solar
exoatmospheric irradiance, L, the apparent radiance, d
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ALI 1) and (b) absolute difference in TOA reflectance for OLI in comparison to ALI as a function of TOA reflectance

from ALI

the earth—sun distance in astronomical units and 6, is the
solar zenith angle.

Geometric correction frequently executes image
resampling, thus reducing image quality. Therefore, to
minimize the losses of spectral information from image
resampling, the nearest-neighbour resampling method
was used to implement geometric correction on ALI
images based on the L8 OLI data coordinates (Transverse
Mercator Projection, WGS_1984 UTM_Zone)'.

Comparisons of TOA reflectance were made at the
corresponding bands between ALI and OLI over the 71
selected ROIs. Figures 2—8 show the results. The figures
relate TOA reflectance of OLI to the corresponding TOA
reflectance of ALI. Each data point on the plots indicates
an average of all pixels in a specific ROI. The plots of
OLI TOA reflectance are displayed as a function of ALI
TOA reflectance. The 1:1 line is also plotted for refer-
ence, and a least squares fit has been made to the data for
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each band'. The figures also show absolute difference in
TOA reflectance between ALI and OLI.

Figure 2 summarizes the TOA reflectance comparison
results for OLI 1 and ALI 1P. The coefficient of determi-
nation (0.9622) and slope (0.9652) of the regression line
are close to 1. The absolute difference plots indicate that
difference in TOA reflectance using OLI 1 relative to
ALI 1P data is from —0.02 to 0.017.

Figure 3 shows the TOA reflectance comparison results
for OLI 2 and ALI 1. The coefficient of determination
(0.9780) and slope (1.0059) of the regression line are
close to 1. The absolute difference plots indicate that
difference in TOA reflectance using OLI 2 relative to
ALI 1 data is from —0.014 to 0.023.

Figure 4 summarizes the TOA reflectance comparison
results for OLI 3 and ALI 2. The coefficient of determi-
nation (0.9879) and slope (0.9803) of the regression line
are close to 1. The absolute difference plots indicate that
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from ALI

difference in TOA reflectance using OLI 3 relative to
ALI 2 data is from —0.021 to 0.018.

Figure 5 shows the TOA reflectance comparison
results for OLI 4 and ALI 3. The coefficient of determi-
nation (0.9936) and slope (1.0872) of the regression
line are close to 1. The absolute difference plots
show that all the data points lie above the zero line,
indicating ALI underestimates TOA reflectance in
comparison to OLI. Each land-cover type behaves
differently: water, vegetation and rock appear to
estimate up to 0.017 lower TOA reflectance, bare soil up
to 0.044 and man-made up to 0.030 lower TOA reflec-
tance.

Figure 6 summarizes the TOA reflectance comparison
results for OLI 5 and ALI 4P. The coefficient of determi-
nation (0.9919) of the regression line is extremely close
to 1. The absolute difference plots show a trend that the
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absolute difference in TOA reflectance between OLI 5
and ALI 4P is from —0.012 to 0.051, and increases with
increase in TOA reflectance.

Figure 7 summarizes the TOA reflectance comparison
results for OLI 6 and ALI 5. The coefficient of determi-
nation (0.9906) of regression line is extremely close to 1.
The absolute difference plots also show a trend that the
absolute difference in TOA reflectance between OLI 6
and ALI 5 is from -0.01 to 0.07, and increases with
increase in TOA reflectance.

Figure 8 summarizes the TOA reflectance comparison
results for OLI 7 and ALI 7. The coefficient of determi-
nation (0.9921) of the regression line is extremely close
to 1. The absolute difference plots also show a trend that
the absolute difference in TOA reflectance between OLI
7 and ALI 7 is from —0.004 to 0.075, and increases with
increase in TOA reflectance.

CURRENT SCIENCE, VOL. 112, NO. 11, 10 JUNE 2017
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ROIs for OLI and ALI images in the SWIR band (OLI 6 ver-

sus ALI 5) and (b) absolute difference in TOA reflectance for OLI in comparison to ALI as a function of TOA reflectance

from ALI

Figure 9 summarizes the NDVI derived from TOA re-
flectance comparison results for NDVIg;; (NDVI of OLI)
and NDVIa; 4p(NDVI; 4p denotes ALI NDVI calculated
by band 4P). The coefficient of determination (0.9936) and
slope (1.0607) of the regression line are close to 1. The
absolute difference plots show that all the data points of
water lie below the zero line, and differences in NDVI of
water using NDVIgy, relative to NDVI,y; 4p data are from
—0.10 to —0.018. However, the absolute differences in
NDVI of the other land-cover types, including vegetation,
bare soil, man-made and rock, are between —0.02 and
0.03.

Table 5 shows the relationship between NDVI and
TOA reflectance of L8 OLI and EO-1 ALIL There is a
high correlation between OLI and ALI, with the coeffi-
cients of determination ranging from 0.962 to 0.994.

CURRENT SCIENCE, VOL. 112, NO. 11, 10 JUNE 2017

In conclusion, comparisons were made between EO-1
ALI and L8 OLI through orbital and imaging parameters,
spectral response characteristic and spectral characteris-
tic. Seventy-one ROIs were chosen from the six image
pairs for EO-1 ALI and L8 OLI, including the land-cover
categories of water, vegetation, rock, man-made and bare
soil. The results indicate the following: (i) Spectral
characteristics (e.g. TOA reflectance and NDVI) of L8
OLI have high correlation with those of EO-1 ALI. The
coefficients of determination and slopes of those regres-
sion lines are close to 1. Accordingly, it is feasible that
TOA reflectance and NDVI L8 OLI images complement
and substitute those from EO-1 ALI (ii) The absolute
differences in spectral characteristics between the two
sensors slightly change with the bands and land-cover
types. There is a trend that the absolute differences in
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Table 5. Relation between NDVI and TOA reflectance of L8 OLI and EO-1 ALI

Spectral characteristics YIX Expression R?

TOA reflectance OLI 1/ALI 1P y=0.9652x +0.0012 0.962
OLI2/ALI 1 y=1.0059x — 0.0026 0.978
OLI 3/ALI2 y=0.9803x + 0.0004 0.988
OLI 4/ALI 3 y=1.0872x—0.003 0.994
OLI 5/ALI 4P y=1.1328x-0.0154 0.992
OLI 6/ALI 5 y=1.1233x - 0.0044 0.991
OLI 7/AL17 y=1.1428x - 0.0002 0.992

NDVI NDVIouNDVIaLL4p y=1.0607x — 0.0206 0.994

TOA reflectance increase with increase in wavelength,
and the absolute differences in TOA reflectance of vege-
tation, man-made and bare soil are slightly greater than
those of other land-cover types.
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Geomorphic evidence of late
Quaternary displacement of the
Karakoram Fault in Nubra and Shyok
valleys, Ladakh Himalaya
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The present study ascertains the spatial variability in
the extent of activity of the Karakoram Fault (KF) in
Nubra and Shyok river valleys (Karakoram), which
was known to be active during the Holocene. Towards
this we have used conventional morphometric indices
supported by geomorphological observations on the
pattern of alluvial and bedrock streams, alluvial fan
geometry and moraines. The right lateral displace-
ment associated with KF is geomorphologically
expressed by the lateral deflections of the bedrock and
alluvial streams toward northwest—southeast as they
cut across the Fault. Indirect age estimates inferred
based on slip rate of KF suggest that the deflection of
bedrock streams with prominent shutter ridges is the
cumulative expression of activity of KF since the mid-
dle Pleistocene, which continued till the late Holocene.

Keywords: Alluvial and bedrock streams, geomorphic
evidence, morphometry, right lateral displacement.

THE convergent tectonics of the Himalaya has not
changed considerably since the Miocene, and the orogeny
manifests a quasi-steady state'. The trace of deforma-
tional episodes that progressed in space and time can be
seen in the sequential evolution of major terrain boundary
thrusts'. In the northwestern Himalaya, the Indus Suture
Zone (ISZ) and Shyok Suture Zone (SSZ) are displaced
by the right-lateral Karakoram Fault (KF) system' . The
Shyok and Nubra valleys are intersected by KF, and the
southern end of the Fault merges with the Indus (Yar-
lung) Suture Zone near Mount Kailas™*. Separating the
central Karakoram and Ladakh range>*, the KF is a NW—
SE striking, normal—dextral fault which has displaced the
Jurassic—Cretaceous Karakoram batholith from the Gang-
dese batholith with a displacement of ~1000 km causing
the eastward extrusion of the Tibetan Plateau””®. Accord-
ing to Searle er al.’"!, although KF is active today, the
right lateral offset is probably less than ~120—150 km and
the displacement continued since early to mid-Miocene.
Studies suggest that KF is undergoing trasnpressional and
transtensional tectonics®'?™'*. According to Searle et al.®,
~150 km right-lateral displacement with a vertical

*For correspondence. (e-mail: imsongnar@gmail.com)
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