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Intercalibration and Evaluation of ResourceSat-1

and Landsat-5 NDVI

Jamey H. Anderson, Keith T. Weber, Bhushan Gokhale, and Fang Chen

Abstract. ResourceSat-1 is a designated alternative to Landsat should the existing TM (Thematic Mapper) and ETM +
(Enhanced Thematic Mapper Plus) sensors fail prior to the successful launch of Landsat 8 in late 2012. However, to
enable integration of ResourceSat-1 into the many existing long-term Landsat projects around the world, practicable
similarity must be demonstrated. To quantify the potential for ResourceSat-1 to satisfy some of the needs of the remote
sensing community, Normalized Difference Vegetation Index (NDVI) values derived from Landsat-5 were compared to
NDVI values derived from ResourceSat-1. An intercalibration equation that converts ResourceSat-1 NDVI values to
equivalent Landsat-5 NDVI values was derived thereby enabling direct comparison between the two sensors.
Comparisons were made using imagery spanning a 3-year time period. Prior to intercalibration, NDVI values were
highly correlated (mean R> > 0.73) but statistically different (P < 0.001). Following intercalibration, the resulting indices
were statistically inseparable (P > 0.56). The intercalibration technique described in this paper represents an easily
repeatable process that demonstrates practicable similarity between ResourceSat-1 and Landsat-5 imagery.

Résumé. Le satellite ResourceSat-1 est une alternative désignée dans I’éventualité ou les capteurs TM (« Thematic
Mapper») et ETM + (Enhanced Thematic Mapper Plus) de Landsat faisaient défaut avant le lancement prévu de
Landsat 8 a la fin de 2012. Cependant, pour permettre I'intégration de ResourceSat-1 dans les nombreux projets actuels a
long terme de Landsat autour du monde, on doit démontrer une similarité pratique entre ces données. Pour quantifier le
potentiel de ResourceSat-1 a satisfaire certains des besoins de la communauté de la télédétection, les valeurs de NDVI
(« Normalized Difference Vegetation Index ») dérivées de Landsat-5 ont été comparées aux valeurs NDVI de ResourceSat-
1. Une équation d’interétalonnage a été dérivée permettant de convertir les valeurs de NDVI de ResourceSat-1 en valeurs
équivalentes de NDVI de Landsat rendant ainsi possible la comparaison directe entre les deux capteurs. Des
comparaisons ont été effectuées a I'aide d’images acquises sur une période de trois ans. Avant l'interétalonnage, les
valeurs de NDVI étaient fortement corrélées (moyenne R> > 0.73) mais statistiquement différentes (P < 0.001). Suite &
I'interétalonnage, les indices résultants étaient statistiquement inséparables (P > 0.56). La technique d’interétalonnage
décrite dans cet article constitue une procédure facilement renouvelable qui démontre la similarité pratique entre les

images de ResourceSat-1 et celles de Landsat-5.
[Traduit par le Rédaction]

Introduction

Medium-resolution Earth imaging sensors have become
an integral part of land cover analysis and change detection
in many land management agencies and research institu-
tions. Landsat imagery in particular has contributed to over
35 years of continuous Earth imaging and still plays a
prominent role in research and management (Cohen and
Goward, 2004; Leimgruber et al., 2005; Williams et al.,
2006; Miller et al., 2011). However, the National Research
Council of the National Academies recently chronicled the
dire condition of the United States’ Earth imaging satellite
fleet as well as the political and financial challenges facing
current and future Earth imaging programs (National
Research Council, 2007). An additional concern is the
likelihood of the existing Landsat satellites failing prior to
the launch of Landsat-8, late in 2012, as both Landsat-5 and

Landsat-7 have exceeded their mission lifetimes (USGS,
2004; USGS, 2008). It is this situation that has spurred
National Aeronautics and Space Administration (NASA)
scientists to identify active Earth imaging sensors that are
comparable to Landsat and able to fill the gap in Earth
imaging capabilities should the need arise (Chander et al.,
2008; Wulder et al., 2008).

Landsat program status

NASA started the Landsat program with the launch of
Landsat-1 on 23 July 1972. This, and the subsequent launch
of additional Landsat satellites, has resulted in over 35 years
of continuous Earth imaging from these sensors. Landsat-5
was launched in 1984 with a design life of 3 years. It carried
the Thematic Mapper (TM) sensor, which is comprised of
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seven operational bands including three in the visible
portion of the electromagnetic spectrum (Table 1). Land-
sat-7 was launched in 1999 with a design life of 5 years. It
carried the Enhanced Thematic Mapper Plus (ETM +)
sensor, which is comprised of eight operational bands
including three in the visible portion of the electromagnetic
spectrum.

In the joint opinion of NASA and the United States
Geological Survey (USGS), it is “likely and expected” that
either Landsat-5 or Landsat-7 could fail at any moment
(USGS Remote Sensing Technologies Project: Landsat Data
Gap Studies, 2008) as indeed, neither satellite is functioning
properly at this time. For example, the batteries on Landsat-
5 run too low during its June, July, and August transits over
the southern hemisphere resulting in only the far northern
portions of Australia being imaged during those months
(Geoscience Australia, 2008). In addition, the Enhanced
Thematic Mapper Plus (ETM +) instrument onboard
Landsat-7 has a Scan Line Corrector (SLC) failure
(USGS, 2003) and has operated in “SLC off” mode since
May of 2003. The result of this failure is that some areas are
imaged twice, while other areas are not imaged at all, leaving
up to one-fourth of a scene missing (Markham et al., 2004).
While the resulting data gaps can be filled using data from
other dates, this is not a satisfactory solution for many
scientific applications as this introduces temporal incon-
sistencies (minimum 16 days) into the imagery.

Landsat Data Gap Study Team

NASA and the USGS have recognized the potential Earth
imaging data gap and, in response, formed the joint Landsat
Data Gap Study Team (LDGST) in 2005. The study team
identified candidate platforms that would help reduce the
impact of a data gap until the Landsat Data Continuity
Mission (LDCM) (i.e., Landsat-8) launches late in 2012
(Chander, 2007). In the LDGST study, two potential gap-fill
sensors, the Indian ResourceSat-1 (Linear Imaging Self

Table 1. Landsat-5 Thematic Mapper (TM) (185 km swath width)
and ResourceSat-1 LISS IIT (141 km swath width) spectral
characteristics.

Spectral Resolution (pum)

Band Landsat-5' ResourceSat-12
Blue 0.45-0.52 -

Green 0.52-0.60 0.52-0.59

Red 0.63-0.69 0.62-0.68

NIR 0.76-0.90 0.77-0.86
Mid-IR 1.55-1.75 1.55-1.70
Thermal 10.40-12.50 -

SWIR 2.08-2.35 -

Note: The temporal resolution of Landsat-5 = 16 days while Resource-
Sat-1 = 24 days.

ISpatial resolution of Landsat-5 TM = 30 m for all bands, save for the
thermal band, which has a spatial resolution of 120 m.

2Spatial resolution of ResourceSat-1 = 23.5 m.
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Scanning III [LISS-11I]) and the China—Brazil Earth Re-
sources Satellite (CBERS-2) were selected. Following this
selection, an interagency Data Characterization Working
Group (DCWG) was formed and tasked with assessing the
potential of these sensors to mitigate a possible Landsat
data gap.

Of the DCWG’s two sensor recommendations, Resource-
Sat-1 (Table 1) was considered the sensor that provided the
best combination of Landsat-5-like data, capabilities, spec-
tral band characteristics, and data accessibility; hence, it was
considered best able to fulfill immediate data needs with
minimal complication (Chander, 2007; Teillet and Ren,
2008). It is for this reason that the present study focuses
upon ResourceSat-1 and specifically its LISS-III sensor.

Normalized Difference Vegetation Index

The Normalized Difference Vegetation Index (NDVI),
derived from the red and near-infrared (NIR) bands
common to many sensors, is a widely used numeric indicator
of photosynthetically active green vegetation used to esti-
mate biomass, plant productivity, and vegetation cover
(Tucker, 1979; Rahman et al., 2001; Huete et al., 2002). It
has been shown that NDVI values are not identical across
sensors because of uncertainties related to viewing angle,
atmospheric conditions, and spectral band difference effects
(Teillet et al., 1997, 2006; Goetz, 1997; van Leeuwen, et al.,
2006). However, vegetation indices are relatively insensitive
to uncertainties in atmospheric corrections and differences
in satellite viewing angle and thereby provide the means for
direct comparison between sensors (Steven, 1998; Steven
et al., 2003). This elimination of several potentially con-
founding factors makes the use of NDVI ideal for inter-
calibration testing.

Landsat-5 and ResourceSat-1 share many spectral, spa-
tial, and temporal characteristics (Table 1). Among the
greatest similarities are near coincident spectral bandwidths
in the red, NIR, and short-wave infrared (SWIR) regions of
the electromagnetic spectrum. Because NDVI is derived
from red and NIR bands only, much of the potential
spectral band difference effects (SBDE) apparent when
using the green and blue bands (such as the atmospherically
resistant vegetation index (ARVI) and modified triangular
vegetation index 2 (MTVI2)) are avoided (Teillet and Ren,
2008). Some SBDE are caused by differences in the red
band, further demonstrating the need for intercalibration
between sensors.

The effect of the slight differences in swath width and
spatial resolution between these sensors was not considered
directly in this study as both sensors have a low altitude and
moderate spatial resolution that helps avoid geometric
distortion and the distinct between-sensor changes in
NDVI common to sensors at greater altitude and coarser
spatial resolution (Teillet et al., 1997). However, between-
sensor differences in swath width, and specifically spatial
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resolution, may have various practical effects relative to the
extent and characteristics of targeted areas of interest. In
addition, it should be pointed out that substantial differ-
ences in spatial resolution will result in errors when
comparisons are made between such sensors. This was
demonstrated by Teillet et al. (1997) in an analysis of the
effects of spatial resolution differences between 20 AVIRIS
data aggregated to 60, 100, 260, 500, and 1100 m spatial
resolutions. In these situations, land-cover-specific intercali-
brations were necessary (Teillet et al., 1997). No significant
errors were anticipated when comparing two moderate
spatial resolution sensors such as Landsat-5 TM (30 m)
and ResourceSat-1 (23.5 m). The temporal resolution
differences (8 days) between these two sensors is also of
practical concern as it limits the number of cloud-free scenes
available over the course of a growing season.

The objective of this study was to compare Landsat-5
with ResourceSat-1 and determine an intercalibration
correction between these sensors for use in the event of a
complete Landsat failure prior to a successful launch of
Landsat-8 in 2012. Random point sampling across a

heterogeneous semiarid landscape allowed for a full range
of NDVI values to be used in the development of the
intercalibration. In light of potential Landsat program data
gaps and given the importance of NDVI in research and
land management decisions, the techniques described herein
provide a simple yet robust procedure for reliable intercali-
bration of NDVI between sensors.

Methodology

Study area

Landsat-5 and ResourceSat-1 imagery was acquired for a
study area covering approximately 17 000 km? in southeast
Idaho, USA (112° 27" 44” W and 43° 00" 12" N) (Figure 1).
All Landsat-5 scenes used in this study were acquired for
path 39, row 30, with spatially coincident ResourceSat-1
scenes acquired for path 253, row 39. The landscape
imaged in these scenes included semiarid sagebrush-steppe,
active and fallow agricultural fields, high-altitude coniferous

Washington
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Figure 1. Study area in southeast Idaho, USA used to compare
ResourceSat-1 and Landsat-5 NDVI values.
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forests, several large reservoirs, lava flows, and various towns
and cities, resulting in a highly heterogeneous study area.

Data sources and preparation

Three Landsat-5 scenes were acquired for this study (13
August 2005, 15 July 2006, and 20 September 2007) along with
three ResourceSat-1 scenes (20 August 2005, 22 July 2006, and
3 September 2007). These images formed the basis of the three
annual cross-sensor comparisons used in this study.

All imagery were atmospherically corrected using the
Cos(t) technique (Chavez, 1996) in Idrisi Andes. NDVI
layers were created and subsequently georectified against
2004 National Agriculture Imagery Program (NAIP) natur-
al color aerial imagery (1 m x 1 m pixels). Resulting RMSE

was < 1/2 pixel (Weber, 2006) (X RMSE = 8.2 and 6.5 m
for Landsat-5-derived NDVI layers and ResourceSat-1-
derived NDVI layers, respectively). Each of the three image
pairs (i.e., NDVI layers from 2005, 2006, and 2007) were
then co-registered to each other with a resulting mean
RMSE of 7.4 m. Paired Landsat-5/ResourceSat-1 layers
were clipped to a coincident area and all cloud cover was
removed by manually digitizing a cloud mask layer (Figure
2), resulting in a common area of interest (AOI) used
throughout this study.

Weber (2006) reported the importance of identifying the
same target pixel when comparing imagery and the need
to evaluate co-registration error. Co-registration error
between Landsat-5 and ResourceSat-1 image pairs was
independently verified using the Georeferencing extension
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Figure 2. Example of combined cloud mask, sample points, and coincident area of interest
between 2005 Landsat-5 and ResourceSat-1 scenes.
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in ArcGIS 9.3. Using 20 well-defined and recognizable
features with the image pairs (n = 10 [2005], » =5 [2006],
and n = 5 [2007]), resulting mean RMSE was 8.67 m.

Sampling and statistical analysis

For each of the three annual image pairs, 500 independent
random sample points within the AOI of each image pair were
generated using Hawth’s Tools for ArcGIS 9.3. The pixel
value at each sample point was extracted from both the
Landsat-5-derived NDVI layers and the ResourceSat-
1-derived NDVI layers using the “Sample” tool in ArcGIS
9.3, creating a table of NDVI values for statistical comparison
(n = 1500 records). These samples were used for the develop-
ment of the intercalibration using linear regression analyses to
calculate the coefficient of determination (R?), slope and
Y-intercept between NDVI values of each image pair. Mean
slope and intercept of the three image pairs were calculated
and the resulting regression equation was then used to
intercalibrate ResourceSat-1values to a Landsat-5 equivalent.

To validate the intercalibration equation, NDVI values at
500 independent random sample points were extracted from
each image pair using the sample tool in ArcGIS 9.3. The
intercalibration equation was applied to ResourceSat-1
NDVI values and then compared to original Landsat-5
derived NDVI values. Linear regression analyses were used
to determine the correlation coefficient and Analysis of
Variance (ANOVA) was used to test for statistical difference
between NDVI values both before and after intercalibration.

Results and discussion

Scatter plots with correlation coefficients for 2005, 2006,
and 2007 image pair comparisons demonstrate inherent
similarity between Landsat-5 and Resource-1 NDVI values
even when comparisons included 17-day differences between
image acquisitions (Figure 3). In each, NDVI values
extracted from ResourceSat-1 are shown on the x-axis
with NDVI values extracted from Landsat-5 given on the
y-axis. Outliers in Figure 3 are largely the result of
anthropogenic effects on the environment that occurred
between the image pair dates, for example, reservoir draw-
down for agricultural irrigation and agricultural harvest.
From these data, the mean slope (1.0502; SE = 0.031) and
y-intercept (0.177633; SE = 0.009) were used to form an
intercalibration equation (Equation 1).

Intercalibrated NDVI, s = 1.0502 X NDVIg o ueesart + 0.177633
M

Prior to intercalibration, NDVI values from Landsat-5 and
ResourceSat-1 were highly correlated (R* > 0.56) but
statistically different (P < 0.001). As a result, the NDVI
values from one sensor could not be compared directly to
the values from the other sensor. Following intercalibration,
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Figure 3. Distribution and correlation of Landsat-5/Resource-
Sat-1 NDVI values for (a) 2005; (Landsat-5) — (ResourceSat-1)
time difference = — 7 day, (b) 2006; (Landsat-5) — (Resource-
Sat-1) time difference = — 7 day, and (c¢) 2007; (Landsat-5) —
(ResourceSat-1) time difference = + 17 day.

resulting NDVI values were statistically inseparable (R> >
0.53 and P > 0.56) (Table 2).

This study developed an effective intercalibration between
Landsat-5 and ResourceSat-1 over a large heterogeneous
semiarid landscape using imagery acquired over a 17-day
interval. This study builds upon and broadens the application
of other studies that derived intercalibrations under more
homogeneous conditions. For instance, Chander et al. (2008)
used near simultaneous image pairs to compare the average
of paired homogeneous areas and reported R* values between
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Table 2. Coefficient of determination and probability values for
pre- and post-intercalibrated NDVI values.

P-value
Year R’ Pre-intercalibration Post-intercalibration
2005 0.83 <0.001 0.61
2006 0.84 <0.001 0.66
2007 0.58 <0.001 0.56

Landsat-5 and ResourceSat-1 of 0.99 for every band, with
differences in reflectance across all bands of approximately
13%. The techniques described in this paper used readily
accessible spatial and statistical tools to derive an effective
intercalibration equation that is easily repeated and does not
require field spectroradiometer data (Steven et al., 2003). It is
important to understand that the specific equation reported
in this paper represents a robust intercalibration applicable to
one specific study area, and that the intercalibration process
will need to be repeated for each new AOI.

Co-registration errors may lead to erroneous intercalibra-
tion of the imagery. Weber et al. (2008) highlight the
importance of considering co-registration and independent
verification of co-registration error performed in this study
revealed the RMSE for 2005, 2006, and 2007 were 6.99, 10.62,
and 10.10 m respectively. The weighted mean RMSE was 8.67.
Consequently, it is highly probable that the pixel values used
this study were extracted from pixels representing the same
land features and locations on the Earth’s surface as the
observed RMSE values imply precise co-registration between
Landsat-5 and ResourceSat-1 image pairs.

Conclusions

The importance of medium-resolution Earth imaging
satellites for land cover analysis and change detection,
combined with the tenuous status of active Landsat satellites,
make studies such as the one presented in this paper timely
and valuable. This study produced an easily repeatable and
accurate region-specific intercalibration of ResourceSat-1
NDVI to its Landsat-5 equivalent (R*> > 0.85). The process
described in this paper illustrates that intercalibrated NDVI is
resilient to temporal variations (intercalibrations were based
upon 7-17 day differences), as well as spectral band differ-
ences. Replication of this technique in other regions will aid
scientists contending with the potential Landsat data gap or
otherwise needing to compare values from one sensor to
another.

Acknowledgements

This study was made possible by a grant from the
National Aeronautics and Space Administration Goddard
Space Flight Center (NNX08AO90G). ISU would like to
acknowledge the Idaho Delegation for their assistance in
obtaining this grant.

218

References

Chander, G. 2007. Landsat Data Gap Study—Technical Report: Initial
data characterization, science utility and mission capability evaluation of
candidate Landsat mission data gap sensors. United States Geological
Survey.

Chander, G., Coan, M.J.,, and Scaramuzza, PL. 2008. Evaluation and
comparison of the IRS-P6 and the Landsat sensors. IEEE Transactions
on Geoscience and Remote Sensing, Vol. 46, No. 1, pp. 209-221. doi:
10.1109/TGRS.2007.907426.

Chavez, P.S. 1996. Image-based atmospheric corrections revisited and
improved. Photogrammetric Engineering and Remote Sensing, Vol. 62,
No. 9, pp. 1025-1036.

Cohen, W.B., and Goward, S.N. 2004. Landsat’s role in ecological
applications of remote sensing. Bioscience, Vol. 54, No. 6, pp. 535-545.

Geoscience Australia. 2008. New satellite imagery for Australia. In Ausgeo
News: 91, 1. Commonwealth of Australia.

Goetz, S.J. 1997. Multi-sensor analysis of NDVI, surface temperature and
biophysical variables at a mixed grassland site. International Journal of
Remote Sensing, Vol. 18, No. 1, pp. 71-94.

Huete, A., Didan, K., Miura, T., Rodriquez, E.P., Gao, X., and Ferreira,
L.G. 2002. Overview of the radiometric and biosphysical performance of
the MODIS vegetation indices. Remote Sensing of Environment, Vol. 83,
No. 1-2, pp. 195-213. doi: 10.1016/S0034-4257(02)00096-2.

Leimgruber, P, Christen, C.A., and Laborderie, A. 2005. The impact of
Landsat satellite monitoring on conservation biology. Environmental
Monitoring and Assessment, Vol. 106, No. 1-3, pp. 81-101.

Markham, B.L., Storey, J.L., Williams, D.L., and Irons, J.R. 2004. Landsat
sensor performance: history and current status. IEEE Transactions on
Geoscience and Remote Sensing, Vol. 42, No. 12, pp. 2691-2694. doi:
10.1109/TGRS.2004.840720.

Miller, H.M., Sexton, N.R., Koontz, S.R., and Hermans, C. 2011. The
users, uses, and value of Landsat and other moderate-resolution satellite
imagery in the United States — Executive report: U.S. Geological Survey
Open File Report 2011-1031, 42 p.

National Research Council. 2007. Earth Science and Applications from
Space: National Imperative for the Next Decade and Beyond. National
Academies Press, Washington, D.C.

Rahman, A.F., Gamon, J.A., Fuentes, D.A., Roberts, D.A., and Prentiss, D.
2001. Modeling spatially distributed ecosystem flux of boreal forest
using hyperspectral indices from AVIRIS imagery. Journal of Geophysi-
cal Research, Vol. 106, No. D24, pp. 33579-33591.

Steven, M.D. 1998. The sensitivity of the OSAVI vegetation index
to observational parameters. Remote Sensing of Environment, Vol. 63,
No. I, pp. 49-60. doi: 10.1016/S0034-4257(97)00114-4.

Steven, M.D., Malthus, T.J., Baret, F., Xu, H., and Chopping, M.J. 2003.
Intercalibration of vegetation indices from different sensor systems.
Remote Sensing of Environment, Vol. 88, pp. 412-422. doi: 10.1016/
j.rse.2003.08.010.

Teillet, PM., and Ren, X.M. 2008. Spectral band difference effects on
vegetation indices derived from multiple satellite sensor data. Canadian
Journal of Remote Sensing, Vol. 34, No. 3, pp. 159-173. doi: 10.5589/
m08-025.

Teillet, PM., Staenz, K., and Williams, D.J. 1997. Effects of spectral,
spatial, and radiometric characteristics on remote sensing vegetation

© 2011 CASI



Canadian Journal of Remote Sensi n%DownIoa%Ied fromlpubs.casj .caby CSP Staff on 11/30/11
or personal use only.

Canadian Journal of Remote Sensing / Journal canadien de télédétection

indices of forested regions. Remote Sensing of Environment, Vol. 61, No.
1, pp. 139-149. doi: 10.1016/S0034-4257(96)00248-9.

Teillet, PM., Markham, B.L., and Irish, R.R. 2006. Landsat cross-
calibration based on near simultaneous imaging of common ground
targets. Remote Sensing of Environment, Vol. 102, No. 3—4, pp. 264-270.
doi: 10.1016/j.rse.2006.02.005.

Tucker, C.J. 1979. Red and photographic infrared linear combinations
for monitoring vegetation. Remote Sensing of Environment, Vol. 8, pp.
127-150.

United States Geological Survey. 2003. Landsat monthly update — June
2003, Online Newsletter, pp. 1-3.

United States Geological Survey. 2004. Landsat monthly update — April
2004. Online Newsletter, pp. 1-3.

United States Geological Survey. 2008. USGS remote sensing technologies
project. Landsat Data Gap Studies. Available from <http://calval.
cr.usgs.gov/ILDGST.php> [cited October 17, 2008].

van Leeuwen, W.J.D., Orr, B.J.,, Marsh, S.E., and Herrmann, S.M. 2006.
Multi-sensor NDVI data continuity: Uncertainties and implications

© 2011 CASI

for vegetation monitoring applications. Remote Sensing of Environment,
Vol. 100, No. 1, pp. 67-81. doi: 10.1016/j.rse.2005.10.002.

Weber, K.T. 2006. Challenges of integrating geospatial technologies into
rangeland research and management. Rangeland Ecology & Management,
Vol. 59, No. 1, pp. 38-43.

Weber, K.T., Théau, J., and Serr, K. 2008. Effect of coregistration error on
patchy target detection using high-resolution imagery. Remote Sensing of
Environment, Vol. 112, pp. 845-850.

Williams, D.L., Goward, S., and Arvidson, T. 2006. Landsat: Yesterday,
today, and tomorrow. Photogrammetric Engineering and Remote Sensing,
Vol. 72, No. 3, pp. 1171-1178. doi: 10.1016/j.rse.2007.06.016.

Waulder, M.A., White, J.C., Goward, S.N., Masek, J.G., Irons, JR., Herold,
M., Cohen, W.B., Loveland, T.R., and Woodcock, C.E. 2008. Landsat
continuity: Issues and opportunities for land cover monitoring. Remote
Sensing of Environment, Vol. 112, No. 3, pp. 955-969. doi: 10.1016/
j.rse.2007.07.004.

219



