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Abstract: Synergistic applications of multi-resolution shteldata have been of a great
interest among user communities for the developroémin improved and more effective
operational monitoring system of natural resouraeduding vegetation and soil. In this
study, we conducted an inter-comparison of two temsensing products, namely,
visible/near-infrared surface reflectances and tsplegegetation indices (VIs), from the
high resolution Advanced Thermal Emission and Réfl@ Radiometer (ASTER) (15 m)
and lower resolution Moderate Resolution Imaging@mradiometer (MODIS) (250 m —
500 m) sensors onboard the Terra platform. Ouryaizalvas aimed at understanding the
degree of radiometric compatibility between the taensors’ products due to sensor
spectral bandpasses and product generation algaritiMultiple pairs of ASTER and
MODIS standard surface reflectance products weréimdd at randomly-selected,
globally-distributed locations, from which two typef VIs were computed: the normalized
difference vegetation index and the enhanced vegetandices with and without a blue
band. Our results showed that these surface refieet products and the derived Vis
compared well between the two sensors at a glotalesbut subject to systematic
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differences, of which magnitudes varied among s@aes. An independent assessment of
the accuracy of ASTER and MODIS standard produictsywhich “in-house” surface
reflectances were obtained usimg situ Aeronet atmospheric data for comparison,
suggested that the performance of the ASTER atnapgphorrection algorithm may be
variable, reducing overall quality of its standegflectance product. Atmospheric aerosols,
which were not corrected for in the ASTER algoritlwere found not to impact the quality
of the derived reflectances. Further investigatismneeded to identify the sources of
inconsistent atmospheric correction results astmtiavith the ASTER algorithm,
including additional quality assessments of the BRTand MODIS products with other
atmospheric radiative transfer codes.

Keywords. product inter-comparison, surface reflectance,etapn index, ASTER,
MODIS

1. Introduction

Numerous studies have demonstrated remote sensiran aeffective tool for natural resource
inventory/interpretation and environmental monitgti including forest inventory, rangeland
productivity monitoring, mapping deforestation dgmes, and alien species/weed invasion
assessments, to name a few [1-4]. In particulgplieaiions of synergistic, multi-resolution remote
sensing have been shown to improve remote sensigedbland characterization and monitoring
capabilities [5-8], offering great potential foretdevelopment of more effective operational momtpr
and management decision support systems [9-11% A&s further been facilitated by the advent of
satellite programs such as the National Aeronautind Space Administration (NASA) Earth
Observing System (EOS) and European Remote Se(iSR§) programs as these programs provide
systems of coordinated satellite sensors and maasumts [12].

One significant achievement by these satellite i@mg is a provision of “ready-to-use” remote
sensing products that have been generated by sei@sed, calibrated, and validated algorithms,[e.g.
13,14]. For example, two sensors onboard the Tatellite platform, Advanced Spaceborne Thermal
Emission and Reflection Radiometer (ASTER) and MatdeResolution Imaging Spectroradiometer
(MODIS), both provide georectified, atmosphericaltyrected surface reflectance data as one of their
standard products, which require no other basicgssing for their application users to perform
[13,14].

There exist differences in these ready-to-use dst@hproducts that may need to be addressed for
their synergistic applications, namely the senswaracteristics and product generation algorithm
differences. The sensor spectral response functiandead to systematic differences in reflectances
and vegetation indices (VIs) [15,16]. Differencestle spatial resolutions can also cause systematic
differences in VIs since its magnitude changes liraarly over a range of vegetation cover condgion
[17,18]. Likewise, systematic differences or indetency among the similar products (e.g., Vls, land
cover) from different sensors or even from the saemwsor can occur when each of the products are
generated through, for example, different atmospheorrection algorithms [19-21]. ASTER and
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MODIS are onboard the same Terra platform, whiclh significant advantage for their synergistic
applications.

There have, however, been few studies that havessied the compatibility issue between ASTER-
and MODIS-derived surface reflectances and/or ¥]s Using the simple linear regression model of
[22], Muukkonen et al. [8] cross-calibrated ASTERdaMODIS red and near-infrared (NIR)
reflectances for spectral bandpass differencea fmreal forest in Finland with the resultaftvRlues
of 0.44 and 0.63 for the red and NIR reflectandibiions, respectively.

In this study, we used a larger and more diversaséaand evaluated radiometric compatibility of
the ASTER and MODIS standard, atmospherically-atec surface reflectance products and the
derived VIs from the products with the goal of abitag a recommended cross-calibration strategy. We
focused our efforts on investigating the impactslifferences in their spectral response functioms a
atmospheric correction algorithms by means of pcothter-comparison, in which the magnitudes of
systematic differences between the two productsthanl geographic and land cover dependencies
were examined. We further assessed the qualitycauracy of the standard products by comparing
them against an “in-house” surface reflectance \dndataset that was generated by atmospherically-
correcting ASTER and MODIS level 1B radiance daegin situ atmospheric data. In the following,
we first briefly describe and contrast the sensbaracteristics and the atmospheric correction
algorithms of ASTER and MODIS (Section 2). Thisfalowed by the description of data analysis
methods in Section 3. In Section 4, results of praduct inter-comparison analyses and accuracy
assessments are presented. A summary of the remdtsnmendations, and conclusions is given in
Section 5.

2. Comparisonsof ASTER and MODI S Sensorsand Algorithms

Launched in December 1999, both ASTER and MODISresearch facility instruments onboard
the NASA EOS Terra satellite platform [13,14]. MGDIs designed to provide long-term global
observations every 1 to 2 days at moderate spasalutions (250 m — 1 km) and complemented by
the second MODIS on the EOS Aqua platform launcgheday 2002 [14]. ASTER, on the other hand,
works as the “zoom lens” and provides the highesttial resolution surface spectral reflectance,
temperature, and emissivity data (15 m — 60 m)liaha Terra instruments (Table 1) [13]. Although
their imaging methods differ (i.e., the ASTER VN#Rd SWIR subsystems are push-broom, whereas
MODIS and the ASTER TIR subsystem are cross-taekrsog systems; see Table 1), the image
acquisition time and, therefore, the sun-targetvwgeometry of any ASTER and MODIS scene pair is
basically identical, an advantageous side effeth®two sensors being on the same platform. Tloe tw
sensors have achieved a very high level of gedtmtaiccuracy which appears to be at a comparable
level to the Terra spacecraft positional accur@®y35].
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Table 1. Selected Instrument Characteristics of the ASTRRMODIS Sensors

ASTER [13] MODIS[14]
Swath Width VNIR & SWIR® 60 km, push-broom 2,330 km, whisk-broom
TIR® 60 km, cross-track scanning + 55° cross-track scanning

+ 24° cross-track pointing for VNIR
+ 8.55 cross-track pointing for SWIR & TIR

Spectral Bands 14 bands, between 0.520 and 11.A60 36 bands, between 0.405 and 14.38b
Spatial 15 m (VNIR: bands 1-3) 250 m (bands 1-2)

Resolutions at 30 m (SWIR: bands 4-9) 500 m (bands 3-7)

Nadir 60 m (TIR: bands 10-14) 1,000 m (bands 8-36)

Radiometric 8 bits 12 bits

Resolution

Geolocation +50 m (1 s.d.at nadir) [23,24] + 50 m (1 s.d. at nadir) [25]
Accuracy

#®ASTER consists of the three subsystems: the visies-infrared (VNIR), shortwave-infrared (SWIRhda
thermal infrared (TIR) subsystems [13].
®Standard deviation.

Compared in Figure 1 are the normalized spectsgamse curves of the three ASTER visible/near-
infrared (VNIR) and first four MODIS bands that asemmonly used in the computation of spectral
vegetation indices (VIs). In general, these MOD#&dis are much narrower in their bandwidths than
the ASTER VNIR bands. Likewise, the red and nefnared (NIR) bands of the two sensors are not
centered around the same wavelengths. Whereas @i2i$/red band completely avoids the red edge
region (~680 nm), the ASTER counterpart extendsower that wavelength range. The MODIS NIR
band overlaps at the longest wavelength portionttd ASTER counterpart. These are the
consequences of the MODIS band selection requiresrtenavoid Fraunhofer lines and atmospheric
absorption lines and to include key features igdaspectra [26] and of the ASTER VNIR bandpasses
inherited from those of the Landsat Thematic Magpet/or the Optical Sensor of the Japanese Earth
Resource Satellite (JERS-1) while assuring a piavi®f good signal-to-noise ratio, high spatial
resolution data [13]. It should be noted that tI®TAR sensor does not have a blue band.

Both ASTER and MODIS provide atmospherically-coteelc surface reflectance products (ASTO7
and MODQ9, respectively) as one of their standaatiycts. Each of these products incorporates its
own atmospheric correction algorithm, which are swarized and compared in Table 2. Details of the
ASTER and MODIS atmospheric correction algorithmes faund in [28] and [29], respectively. Both
algorithms use a combination of pre-computed lookaiples (LUTs) and on-time execution of
radiative transfer codes. The two algorithms aégpuire the same four inputs: (1) surface presggje,
ozone concentration, (3) column water vapor, andétosol optical thickness and type. The ASTER
algorithm completely relies on outside sourcestierrequired atmospheric information due to thé fac
that the sensor was not designed to retrieve atneowpinformation [28]. This was identified as ayke
issue and challenge during the algorithm developretage [28]. Although these two algorithms are
capable of correcting atmospheric adjacency effabis modules have not been activated and the
current product generations assume an homogeneammbertian surface case [28,30].
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Figure 1. Normalized spectral response curves of ASTER VNIR 2, and 3N) and
MODIS land (1, 2, 3, and 4) bands (sources: higtérweb.jpl.nasa.gov/characteristics.asp
& ftp://ftp.mcst.ssai.biz/pub/permanent/MCST/PFMBL1UT 4-30-99/). The “A” and
“M” in the parentheses stand for ASTER and MODKpectively, and the numbers that
follow A or M are the band numbers. Typical refleate spectra of forest, grassland, and
bare soil are also plotted for reference [27].
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Five major differences can be observed betweere ttves algorithms in Table 2 [28,29]. First, the
ASTER and MODIS atmospheric correction algorithmestzased on different radiative transfer codes.
Second, the amounts of on-time computations aferdiit; the ASTER algorithm computes gaseous
transmission terms on-time, whereas the MODIS #lgor computes molecular scattering terms on-
time in addition to the gaseous transmission terhimird, the ASTER algorithm uses interpolation
techniques to account for changes in solar zeaitd @erosol optical depth), but uses the LUT neares
case approach for the molecular scattering optisgdth and view angle, whereas the MODIS
algorithm always interpolates the LUT for all LU&trieved atmospheric terms (aerosol-related).
Fourth, the two algorithms use different input dedarces for ozone concentration and column water
vapor. Finally, the ASTER algorithm does not cutiecorrect for atmospheric aerosol effects (the
aerosol optical depth being set to zero) for a laickny reliable and compatible aerosol data saurce
for global applications.

Accuracy or uncertainty in the atmospheric coraettvaries significantly depending on surface
reflectance, atmospheric condition, and sun/vieanggry. Theoretical uncertainty analyses indicated
that overall uncertainty in ASTER surface reflectais 14% for a low reflectance case (reflectance <
0.1) and 7% for a high reflectance case (reflegan®.1) [28], whereas the overall uncertainty of
MODIS surface reflectance is estimated as 5 — 8% tlear — high aerosol loading condition [29].
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Table 2. Correction Approaches and Input and Ancillary Dataurces Used in
ASTER and MODIS Atmospheric Correction (Surfacel&gtnce) Algorithms

ASTER (AST07) MODIS (MODOQ9)
PGE Version 3.1 4.0.10
Radiometric WRCP" exo-atmospheric solar irradiance  Direct computation of TOAreflectance by
Calibration (4 % calibration accuracy)[28] ratioing to the solar diffuser panel readings
(2 % calibration accuracy)[31]
Approach Combined LUmatching and on-time Combined LUT-interpolation and on-time 6S
MODTRAN computation[28]: computation[29]:
« LUT generated by a Gauss-Seidel » LUT generated by the 6S code[33]
iteration code[32] « Molecular terms by on-time 6S
 Scattering terms by LUT-matching & computation & aerosol terms by LUT-
gaseous transmission terms by interpolation
MODTRAN
Pressure NCEP GDAadjusted for local elevation NCEP GDAS adjusted for local elevation
using GTOPO30 using GTOPO30
Ozone NCEP TOVS NASA TOMS"
Water Vapor NCEP GDAS MODIS water vapdi34]
Aerosol No correction MODIS aerosols
Accuracy 14 % fop < 0.1; 7 % fop > 0.1 5 — 9 % for clear — high aerosol loadings

®Product Generating Executable

®World Radiation Center

“Top-of-Atmosphere

4Lookup Table

®The National Center for Environmental PredictiolC@®P) Global Data Assimilation System (GDAS)
"GTOPO30 (http://edc.usgs.gov/products/elevatiomiaB®/gtopo30.html)

9TIROS (Television Infrared Observation Satellit®g)erational Vertical Sounder (TOVS)

"Total Ozone Mapping Spectrometer

3. Materialsand Methods
3.1. Intercomparison

A sample of ASTER and MODIS standard daily atmosiph#y-corrected surface reflectance
products (ASTO7 and MODOQ9, respectively) was aagliover the global land area (Figure 2). We
first randomly selected 100 locations and then ssesk the availability of near-cloud free ASTER
scenes in year 2003 at each of these locationsn\aheear-cloud free ASTER scene was found, the
MODIS scene on the same date at the same locatisnobtained. This first selection resulted in 82
paired scenes at 59 locations. A second screemrtheoselected scene pairs was performed because
some of the scenes that were initially considered bf cloud cover were found to be contaminated
with clouds. This second selection resulted intal tof 47 paired scenes at 31 locations (Figure 2).
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Figure 2. Global distribution of ASTER vs. MODIS comparatiaealysis locations.
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All of the ASTER scenes were reprojected from thamiginal Universal Transverse Mercator
(UTM) coordinate system onto a sinusoidal projettigsed in the MODIS surface reflectance product.
A 5 km square grid was generated for and overlaidwery ASTER and MODIS scene pair. Typically,
130 5-km grid cells were defined on a single ASTERDIS pair. Pixels within every 5 km grid cell
were averaged to create one pair of ASTER-MODI%&ctdnce values, resulting in ~ 130 pairs of
reflectances from one ASTER-MODIS scene pair. Wem@red several window sizes from 1 km-by-1
km to 7 km-by-7 km and found that a 5 km-by-5 knmeéow seemed an optimum size to compensate
for mis-registration between ASTER and MODIS scenes

Three spectral vegetation indices were computea tltese matched, aggregated reflectances. The
Normalized Difference Vegetation Index (NDVI) wasngputed as [35]:

NDV] = PR~ Pred 1)
pNIR + pred
wherep,e andpnir Were the red (ASTER Band 2 or MODIS Band 1) an® MSTER Band 3N or
MODIS Band 2) reflectances, respectively. For MOLl® Enhanced Vegetation Index (EVI), which
was developed to optimize the vegetation signdt witproved sensitivity in high biomass regions and
improved vegetation monitoring through a de-coupliof the canopy background signal and a
reduction in atmosphere influences, was also coatpf36]:

EVI = 2503 Prir = Preo ,
Pnr T (610red - 7'510blue) +1

whereppe Was the blue reflectance (MODIS Band 3) which weeasorrect for aerosol influences in the
index itself [37]. Since the ASTER sensor doeshate a blue band, we used a two-band version of

(2)
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the EVI (EVI2) to compare against MODIS EVI, whiglas developed and being used as a backup
algorithm in the MODIS VI algorithm[38]:

EVi2= 243 e " Pt 3)
Pur t P +1

Although its compatibility with the three-band EXas been thoroughly examined and verified, we
expected some incompatibility of the ASTER-basedZE¥gainst the MODIS-derived EVI as the
former’s coefficients were adjusted for MODIS baras$ses.

We first compared these aggregated reflectance¥/INdhd EVI/EVI2 from all the scene pairs at
once to examine an overall trend and compatibilgyween ASTER and MODIS. Mean differences
(MDs) between the ASTER and MODIS radiometric Valea, along with standard deviations of the
differences (SDs) and of the mean differences (andard errors, SES), were computed as a
guantitative measure of discrepancies:

MD :%i(xi,ASTER - Xi,MODIS) ) (4)
= |1y _ _unl2
D = \/n _1§[(Xi,ASTER X mopis) MD] ' (5)
-
F ©)

wherex; aster @ndx mopis are the reflectance or VI values of ASTER and M®Dkespectively, for the
5-km square grid cell, andn is the sample size (the number of pairs). Althotiggdse SD and SE
estimates were likely to underestimate the trueatians due to spatial autocorrelation, these were
used to establish 99% confidence intervals. Thimparative analysis was made for the two
reflectances that were used for the computationglefand that both the sensors had (i.e., red and
NIR), between ASTER and MODIS NDVI and between AKRTEVI2 and MODIS EVI.

We then repeated the same comparative analysistiatified the results by land cover. The 2001
International Geosphere-Biosphere Programme (IGBRJ cover type information from the Terra
MODIS standard, 1 km yearly land cover product (M2DQ1) was obtained for the areas covered by
each of the ASTER-MODIS scene pairs. The 17 IGBM leover classes were lumped into a smaller
number of categories, including forest, shrubla@ayanna, grassland, cropland, and barren.

Finally, seasonal dependencies of ASTER and MODtferdnces were examined using a desert
site. A desert site devoid of vegetation was carsd ideal for this purpose because this typeraf la
is usually not subject to frequent cloud covedages not exhibit seasonality associated with veéigeta
growth, there is a low concentration of and vatigbin atmospheric water vapor, and it is used for
long-term stability monitoring of satellite sensdBsx pairs of cloud-free ASTER/MODIS scenes from
the year 2003 (1/27, 2/12, 3/5, 3/16, 5/19, an@)W&re located and obtained from a desert sand dun
area in Saudi Arabia. These six scene pairs weegladet and aggregated reflectance and VI values
were extracted from them. MD and SD, along with nseand standard deviations, of the aggregated
reflectances and VIs were computed on a per-scaimgger-date) basis and plotted against acquisitio
date for a trend analysis.
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3.2. Accuracy Assessment

Product inter-comparison could only allow for the&amination of consistency (or relative
differences) among similar products. Thus, we cotetll another independent experiment to
examine/investigate accuracy or “overall qualitf’ASTER and MODIS surface reflectance products
and VlIs by comparing the standard products agamstouse” products.

Six locations within the conterminous USA were stdd based upon a diversity of land cover
types, availabilities of nearly cloud-free ASTEReses, and availabilities dh situ atmospheric
measurements from the Aerosol Robotic Network (ARE®D) [39] (Table 3). Radiometrically-
calibrated ASTER and MODIS Level 1B products (ASIBLand MODO02) as well as MODIS
geolocation angle products (MODO03) were obtainadtlie selected sites and dates listed in Table 3
and reprojected onto the UTM coordinate systeme@gh of the 14 paired scenes, ten 5 km-by-5 km
grids were located near the AERONET sunphotometations and all the pixels within each grid cell
were extracted and averaged.

Table 3. List of Study Sites andin Stu Atmospheric Properties Used for
ASTER vs. MODIS Accuracy Assessments

*W.V.P

Date Solar View  *QOzone (cm- *AOT®

Site Name Biome Type (DOY?) Zenith  Zenith (Dobson) atm)  (550nm)
HJ Andrews, OR Needleleaf Forest 09/24 (267)46° 5° 284 1.0 .04
Bondville, IL Broadleaf Cropland  03/06 (065) 48 3 348 0.8 .15
09/07 (250) 37 7 280 2.1 14
Maricopa, AZ Broadleaf Cropland  01/12 (012) 58° 8 297 1.7 .10
08/24 (236) 28 8 287 0.9 .02
09/16 (259) 34 5° 288 0.7 .10
Konza Prairie, KS Prairie Grassland 06/06 (157)22° 10° 324 1.9 .08
& Cereal Crop 11/20 (324) 60° 1° 288 1.0 .01
Sevilleta, NM Semi-arid Grassland04/20 (110) 27 6° 321 0.4 .08
& Cereal Crop 05/06 (126) 22° 6° 320 0.3 .08
06/16 (167) 19 6° 304 1.0 .15
07/02 (183) 20° 6° 300 1.0 48
Railroad Valley, NV Desert Scrub 08/20 (232) 30° 2 290 0.5 .07
09/21 (264) 40° 2 281 0.7 .01

"The values in these columns were obtained fronA#resol Robotic Network (AERONET) website
(http://aeronet.gsfc.nasa.gov/)[39].

®Day of year

® Atmospheric water vapor

¢ Aerosol optical thickness

The 6S radiative transfer code [30] was constraiméth in situ AERONET atmospheric
parameters, and solar zenith, view zenith, andivelazimuth angles, and elevations extracted from
the corresponding MODO3 products, and run to perfatmospheric corrections on both ASTER and
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MODIS Level 1B products. We performed total atmasphcorrections and atmospheric corrections
without aerosols [i.e., by setting aerosol optibatkness (AOT) to zero] on the ASTER Level 1B data
whereas only total atmospheric corrections weréopaed on the MODIS Level 1B data. Since AOT
values were very small except for the July 2 Setallscenes, the continental aerosol model was used
for all the aerosol corrections. We did not taki® iaccount the coupled atmosphere-surface direadtion
effects or adjacency effects as they were not implged in the atmospheric corrections of the ASTER
and MODIS standard products used in our produetrdicdmparison analysis. The same VIs as in the
above analysis were computed from these reflectance

Using this dataset, comparisons were made foralh@ifing 3 cases:

1) cross-comparison between ASTER standard anduséh(no aerosol correction) products,

2) cross-comparison between ASTER in-house produtiisand without aerosol correction,

3) cross-comparison between MODIS standard andusd products.
Cases 1 and 3 were to evaluate the accuracy oityqo&dlASTER and MODIS standard products,
whereas Case 2 was examined for assessing thetipbterpact of the no aerosol correction scheme
implemented in the current ASTER atmospheric coiwacalgorithm. In addition to red and NIR
reflectances, we analyzed green reflectance shisespectral band is located at a shorter wavetengt
region (see Figure 1) and thus likely more sensitivthe quality of atmospheric correction.

4. Results
4.1. Intercomparison

In Figure 3, red and NIR reflectances, NDVI, andiEWf ASTER (ASTO07) are plotted against the
corresponding variables of MODIS (MODO09). All foradiometric variables examined here had near-
linear relationships. Apparent, slight curvelingarivas observed only for the NDVI-to-NDVI
relationship (Figure 3c). Both red and NIR reflectas of ASTER were consistently higher than those
of MODIS with mean differences (MD) of .027 and 208 spectively (Figure 3a,b). On the other hand,
the ASTER NDVI was consistently lower than the M@Riounterpart (MD of -.031) (Figure 3c). The
ASTER EVI2 and MODIS EVI scattered about a 1:1 lamel had the smallest mean difference of .012
(Figure 3d). From the data continuity perspectithe, ASTER and MODIS variables, particularly the
NDVI and EVI2/EVI, also had fairly large scatterigbre 3). The standard deviations of differences
were about half the magnitude of the mean diffezsrfor red and NIR reflectances (.014 and .017),
whereas they were even 1.5 and 2 times larger tt@mmean differences for the NDVI (.048) and
EVI2/EVI (.023), respectively.

In order to assess the large scatter observedgurd-i3, we randomly selected four scenes and
plotted differences of ASTER and MODIS reflectarizegetation indices against the latter. Scene-to-
scene variability of these differences (relatiopshietween ASTER and MODIS variables) were large
(Figure 4). Red reflectance differences were neeolystant throughout its dynamic range for each
scene, but their magnitudes differed significaattyong them (Figure 4a). NIR reflectance differences
also differed among scenes (Figure 4b). One datematSpain (the light green triangles in Figurg 4b
had large scatter and differences were smalleeireal, whereas another dataset from India (the red
squares in Figure 4b) had slightly larger diffeesthan the others.
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Figure 3. Scatterplots of ASTER vs. MODIS surface reflectaacd vegetation indices:
(a) red reflectance, (b) NIR reflectance, (c) ND&hd (d) EVI2 vs. EVI. MDs in the
plots stand for mean differences and the valueshé parentheses were standard
deviations of the differences.
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NDVI and EVI2/EVI differences also differed largedynong the scenes. For the NDVI, differences
for the India scene and one Spain scene had the sagnitudes and convex trends (the red squares
and light green triangles in Figure 4c). NDVI difaces for the other Spain dataset had the same
magnitude and convex trend as the above two datdsavever, they formed a separate relationship
since their NDVI values were higher (the yellovahgles in Figure 4c). The Bolivia dataset showed a
completely different trend in that its NDVI differees were larger and had a concave trend, having ye
another relationship (the black circles in Figucg. £VI differences of these four scenes had tineesa
trends, but their magnitudes were much smaller thase of NDVI differences (Figure 4d).

In Figure 5, ASTER vs. MODIS differences (ASTO7 m8riMODO09) are summarized by land cover
types. Some land cover dependencies existed iof #fle four radiometric variables. NIR reflectance
differences were, however, nearly at the same le¥el.03 except for the barren cover type (Figure
5b). For red reflectance, MD was the largest fordraand the second largest for grassland (Figaye 5
For the NDVI, it was large not only for grasslabdi for forest as well (Figure 5c). For the EVI2IEV
MD was the largest for barren followed by croplamdl grassland, but it was positive for the cropland
and negative for the grassland (Figure 5d). SmaBr appeared to be associated with the savanna
land cover type for which red and NIR reflectandfetences and EVI2/EVI difference were the
smallest (Figure 5a,c,d). Although these obseraatioan be made, land cover dependencies of
differences did not appear to be consistent aches®ur radiometric variables.
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Figure 4. Differences of ASTER and MODIS reflectances andgetation indices
(ASTO7 minus MODOQ9) plotted against MODIS values.
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Time series plots of the ASTER and MODIS four raddric variables and their differences from
the desert site are shown in Figure 6. ASTER valuer® generally higher and exhibited more short-
term variations (no systematic trend) than thos&1@DIS (Figure 6). While MODIS red and NIR
reflectances changed, the changes were rather oroaatith their values first increasing gradually
and then decreasing (Figure 6a,b, top). MODIS NbNdnged very little and MODIS EVI remained
the same (Figure 6c¢,d, top). ASTER vs. MODIS meiffierénces (ASTO7 minus MODO09) were also
highly variable and did not show a strong system#tend with respect to time (Figure 6). Red
reflectance differences had the largest variabitaypging from .02 to .08 (Figure 6a, bottom). G¥er
differences between ASTER and MODIS products cdrbaa@onsidered temporal-dependent.

Figure 6. Temporal variability in ASTER (AST07) and MODIS (MD09) radiometric
variables and their differences: (a) red refleatar{p) NIR reflectance, (c) NDVI, and
(d) EVI2 (ASTER) and EVI (MODIS). The bars in thgure correspond to the standard
deviation estimates. The sample size was 134 fenyescene pair.
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4.2. Accuracy Assessment

In Figure 7, reflectances and VIs from the ASTERBndard atmospherically-corrected product
(ASTOQ7) are compared against those that were atmeosally-corrected within situ Aeronet data
(“in-house”). As described in the materials and hods section, we also analyzed green reflectance
since the spectral band is located at a shorteelagth region (see Figure 1) and thus likely more
sensitive to quality of atmospheric correction. A3 Treflectance and VI values were basically larger
than in-house atmospheric correction results. Rerreflectances, discrepancies were the largest for
green reflectance followed by NIR and red reflecean (Figure 7a,b,c). ASTO7 and in-house red
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reflectances were nearly the same at the low vald€s— 0.1), but their differences and variations
were larger at higher values (> 0.1) (Figure 7kl)thBthe NDVI and EVI2 from ASTO7 were larger
than the in-house counterparts, but they were ath@musame values at the lower ranges (0.0 — 0.25)
(Figure 7d,e).

Figure 7. Scatterplots of ASTO7 vs. atmospherically-corréceSTER data usingn
situ Aeronet data for (a) green, (b) red, and (c) N#Rectances, and (d) NDVI and (e)
EVI2. These “in-house” atmospheric corrections @TAR data were performed by
setting aerosol optical thickness to zero, simogatine actual ASTER atmospheric
correction scenario.
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Noticeable deviations from the 1:1 line occurredha scatterplots, which was particularly clear in
the reflectance scatterplots and the most sigmficagreen reflectance (Figure 7). In these plote
can see several lines (relationships) being forreadh of which was basically from one scene. This
indicates that the performance of the ASTER atmesphcorrection is variable and inconsistent
among scenes. These differences were likely indbgethe differences in the atmospheric radiative
transfer (RT) codes. Further investigations will tieeded to assess the impacts of RT model and
ancillary data on accuracy of retrieved surfackectdnce.

In Figure 8, in-house atmospheric correction reswith and without aerosol corrections are
compared. All three reflectances and two VIs frénvase two correction results (aerosol vs. no aerosol
corrections) were extremely comparable, forming riea relationships with very little scatter (Figur
8). There were several points that slightly devddtem the 1:1 lines for the red and NIR reflectsc
(Figure 8b,c). These points were, however, from Joé/ 2 Sevilleta scene of which AOT was
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significantly higher (0.48) than those of the otlseenes (see Table 3). Not correcting for aerosols
should have some impacts on the accuracy of ASE@léctance and VI products; however, the
magnitude of differences and variations observe#igure 7 were not due to aerosols based on the
present results.

Figure 8. Scatterplots of atmospherically-corrected ASTERxdesingin situ Aeronet
data: no aerosol correction vs. aerosol correction.
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MODOQ9 reflectances and VIs are plotted againstanse, atmospherically-corrected MODIS data
usingin situ Aeronet data in Figure 9. These MODO09 and in-hoxsdees compared with each other
very well, scattering about 1:1 lines only with $ivariations (without any among-scene variability)
This indicates that MODOQ09 atmospherically-correctedlectances and VIs can be considered
consistent and accurate.

We summarized these differences into mean diff@®(®IDs) (Figure 10). ASTO7 reflectances and
VIs were consistently and significantly higher thitose derived usingh situ Aeronet data (Figure
10a). MDs were largest for the green and NIR rédieces, whereas it was smallest for red reflectance
Comparisons of these MDs against those due to @srokearly indicated that aerosols were not the
main factor for causing these large errors in ASTéflectances and VIs (Figure 10c). On the other
hand, the MDs between MODQ9 and in-house atmosgibricorrected reflectance/VIs were smaller
than those for ASTO7 vs. its in-house counterpg@figure 10b). The MD for EVI was slightly larger
than all the other radiometric variables, yet serathan -0.01 (Figure 10b).
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Figure 9. Scatterplots of MODOQ9 vs. atmospherically-corrdci@ODIS data usingn
situ Aeronet data for (a) green, (b) red, and (c) N#Rectances, and (d) NDVI and (e)

EVI.
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Figure 10. Comparisons of mean differences between offigidl ia-house products: (a)
ASTO7 vs. in-house ASTER, (b) MODQ9 vs. in-house M8, and (c) ASTER no
aerosol vs. aerosol corrections. The error barghm figure correspond to 99%
confidence intervals. The sample size was 140.
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5. Summary and Conclusions

In this study, we investigated product inter-conipkity between ASTER and MODIS
atmospherically-corrected reflectance products (@&&and MODO09, respectively) and VIs computed
from these standard reflectance products. Our seslghowed that surface reflectances and Vis from
the two sensors compared well at a global scaleveder, they were subject to systematic differences;
ASTER reflectance values were higher than thoseODIS and ASTER NDVI values were lower
than the MODIS counterparts, whereas ASTER EVIZieslwere only slightly higher than MODIS
EVI values. Our results also showed that reflecaantd VI relationships between ASTO7 and MODO09
and the magnitude of their systematic differencased among scene pairs. When a single pair of
ASTO07 and MODOQ9 scenes were compared, their reftieets and VIs formed good relationships. On
the other hand, when multiple pairs were compaimgkether, the slopes and curvelinearity of
relationships varied from scene to scene. Thisnsigbency among scene pairs did not show strong
geographic, land cover, or temporal dependenciess,Tthese results indicate that, when ASTER and
MODIS reflectance products or Vis are to be craafbrated, it needs to be performed on a per-scene-
pair (local scale) basis for precise and accunatssecalibration results.

The quality or accuracy assessment results of ASIIRRMODIS standard products suggested that
the performance of the ASTER atmospheric corrediigorithm was not as good as that of MODIS,
and that, overall, ASTER surface reflectances aiglwére overestimated based on the dataset and
atmospheric radiative transfer code used in thisi@acy assessment. However, the assessment results
indicated that, although aerosol correction wasimpliemented in the ASTER atmospheric correction
algorithm, this had a minimum impact on quality accuracy of the derived ASTER surface
reflectances and Vis.

Further investigation is needed to identify potainsiources of inconsistent atmospheric correction
results associated with the ASTER algorithm. Thieskide input atmospheric data sources and the
nearest approach used in the LUT search. Accurasgsaments of both the ASTER and MODIS
surface reflectance products should also be peddmsing other atmospheric radiative transfer codes
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