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Validation of MODISFPAR Products
in Boreal Forests of Alaska

Daniel C. Steinberg, Scott J. Goetz, and Edward J. Hyer

Abstract—Moderate Resolution Imaging Spectroradiometer
(MODIS) fraction of photosynthetically active radiation absorbed
by vegetation (FPAR) products covering the boreal forest of
interior Alaska were analyzed and compared with field measure-
ments of canopy light harvesting over a multiyear period (2001
to 2004), as well as to high-resolution FPAR maps derived from
IKONOS and Landsat ETM+ imagery. The spatial variability of
FPAR within the MODIS products was examined by incorpo-
rating the field measurements and aggregating the high-resolution
FPAR maps to the MODIS scale. Characterization of the tem-
poral accuracy of the MODIS FPAR products was conducted
through comparisons with continuously operating canopy light
interception measurements. The MODIS product tended to over-
estimate FPAR relative to both ground-based measurements and
Landsat-derived estimates of FPAR, particularly in the more
sparsely vegetated burn scars on which we focus related research,
but adequately captured seasonal variability associated with veg-
etation phenology. A combination of canopy closure and ground
cover vegetation was identified as the source of most of the discrep-
ancies between the MODIS estimated and field measured FPAR
values. Neither the field measurements nor the high resolution
image FPAR maps based on the field measurements characterized
the light environment of the ground cover vegetation (i.e., 10
cm height); thus, absolute validation of the MODIS products was
incomplete—despite the extensive spatial and temporal charac-
terization of FPAR dynamics in the study region. We discuss
these results, explore some other possible sources for observed
differences between the MODIS, field, and high-resolution FPAR
maps, and consider possible ways to address these issues in future
work.

Index Terms—Boreal, fraction of photosynthetically active
radiation absorbed by vegetation (FPAR), Moderate Resolution
Imaging Spectroradiometer (MODIS), satellite remote sensing,
validation.

I. INTRODUCTION

THE fraction of photosynthetically active radiation ab-
sorbed by vegetation is a key biophysical

property from which a number of ecosystem properties can be
estimated. is used, for example, to monitor changes in
vegetation properties and their impact on models of net primary
production, eco-hydrology, and energy exchange [1]–[3]. It is,
therefore, useful to have global measurements of with
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a frequent periodicity in order to support regional to global
modeling and monitoring efforts.

The Moderate Resolution Imaging Spectroradiometer
(MODIS) product [4] provides global 1-km resolution
images at eight-day intervals. Validation activities have been
initiated to assess product accuracy through comparisons
with high-resolution satellite imagery and field measurements
[5]–[7]. These validation efforts help to reveal uncertainties in
the satellite estimates and provide a basis for improving the
MODIS algorithms. Assessments need to be carried out over a
range of conditions in order to examine the performance of the
product algorithm over different vegetation and ground cover
types [4].

Recent validation efforts of the MODIS products
have focused primarily on the assessment of LAI. To date, only
two studies have closely examined the accuracy of the
product in relation to ground based or high resolution estimates,
and both have been carried out at research sites in Africa: one in
a semi-arid grassland [8], and another in a Kalahari woodland
[9]. Extension of validation efforts to other biomes is needed to
gain a more comprehensive assessment of the products.
Reference [7] reviews the results of these studies in greater de-
tail.

In this study, we assessed the accuracy of the MODIS
product in the boreal forest of interior Alaska. The boreal region
was recently highlighted as the most rapidly changing environ-
ment on the planet [10]. Release of the suite of MODIS veg-
etation products (see [11]) presents an opportunity to monitor
changes in the boreal biome, but utility of the products depends
on their accuracy and consistency. The MODIS products
will be of particular importance for carbon models exploring the
effects of fire disturbance and regrowth on carbon cycling in the
region [12], [13].

We examined the accuracy of the MODIS product
using high-resolution satellite imagery in conjunction with
field-based measurements of canopy light harvesting over a
multiyear period at a range of sites, including several in various
stages of regrowth following fire disturbance, a common occur-
rence in the region. Spatial variability of the MODIS product
was examined through comparisons with high resolution
maps derived from empirical relationships between Landsat
ETM+ imagery and hand-held measurements of canopy light
interception. Temporal variability was examined using direct
comparisons to continuous automated measurements of light
interception throughout the growing seasons of 2002, 2003,
and 2004.
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II. STUDY AREA

Field measurements were conducted in the Delta Junction
region of Alaska, located approximately 150 miles Southeast
of Fairbanks, AK, in the Upper Tanana River Valley (Fig. 1).
Black spruce (Picea mariana), quaking aspen (Populus tremu-
loides), paper birch (Betula papyrifera), and various willow
(Salix) species dominate the vegetation of the region. A
“chronosequence” of fires from 1954, 1987, 1994, 1999, and
2004 encompass a broad range of age classes, basal area, stem
density, and canopy closure, each influenced by the interplay
of burn severity, topography, time of fire during the growing
season, and edaphic conditions [14], [15].

The 1999 Donnelly Flats burn consumed 7575 hectares and
left most of the area with standing, charred black spruce snags.
The 1994 Hajdukovich Creek fire burned 8897 ha, leaving most
of the area with downed black spruce snags [Fig. 2(a)]. The 1987
Fort Greeley fire burned 20 009 ha from which a combination of
mostly aspen and spruce has regrown [Fig. 2(b)]. Tree heights
of the regrowth ranged from 1–3 m in the 1994 burn to 4–6 m in
the 1987 burn. Ground cover in the region is relatively hetero-
geneous due to the high frequency of fire disturbance; however,
mosses and lichens dominate older sites, which have recovered
from the initial charring following burns. More severely burned
sites also tend to have less organic soil, tend to be less mesic,
and ground cover vegetation less abundant. However, due to
variation in fire severity and edaphic conditions within a single
burn, there are no easily definable trends between fire history
and ground cover.

III. METHODS AND DATA SETS

Individual handheld measurements of canopy light intercep-
tion were collected between June 4, 2001 and August 12, 2001,
at sites within the Delta Junction study area [16]. Automated
continuous measurements of light interception were collected
throughout the growing seasons of 2002, 2003, and 2004. The
site selection and measurements are described in more detail
below.

A. Field Sampling Design

Two types of sites were established in the study area. Ten
sites were of a “grid” design consisting of two parallel transects
within a 200 200 m (40 000 m ) area, where each transect
was 150 m in length. At 50-m intervals along each transect,
perpendicular 10-m line transects were sampled at 1 m intervals
(Fig. 3.). Another 28 sites were established within 150 150 m
(22 250 m ) areas, each bisected by a single transect of 100 m in
length with ten plots set at 10-m intervals. Landsat imagery was
used in conjunction with field surveys to ensure that selected
sites exhibited relatively homogeneous canopy cover.

The sites were distributed across the study region and strat-
ified by areas that had burned in 1956, 1987, 1994, and 1999.
One grid site was established in the 1987 burn, two each in the
1956 and 1999 burns, and three in the 1994 burn. In addition,
two grid sites were established in unburned areas representative
of the pre-burn Donnelly Flats vegetation (i.e., mature upland
and lowland black spruce). The various sites were selected to

Fig. 1. Study area in interior Alaska. Individual study and burn sites are shown.

represent a range of site conditions, stand age, density, and com-
position (see Fig. 2).

1) Indirect Measurements of Canopy : Indirect
estimates of canopy [17] were calculated using mea-
surements of canopy light interception made at each site
using a Decagon “AccuPAR” ceptometer (Decagon Devices,
Inc.). The ceptometer measures incident radiation in the PAR
wavelengths (400–700 nm), from which estimates of canopy
transmission are made through simple ratioing of above
and below-canopy measurements. Reference [16] describes
the measurements and related sensitivity analyses in greater
detail. The responses of the 80 photodiodes were averaged for
each instantaneous measurement, of which we made 20 along
each transect (2 in opposite directions at 10-m intervals) and
160 at each grid site (i.e., eight transects of 10-m each with
a 1-m sampling interval). Measurements were made at 10 cm
in height above the surface in order to avoid interference by
low-lying vegetation. Due to the height of our measurements,
ground cover light interception was not included in our final
values. Above (outside) canopy measurements were made
at the beginning and end of each transect or grid site and in
canopy gaps when available. values, derived from the
ceptometer measurements as , were subsequently used to
determine relationships between IKONOS and Landsat NDVI
and (discussed further in Section III-A4), from which
high-resolution maps were developed.

2) Par Cell Phenology: Automated continuous mea-
surements of incident and intercepted radiation were made
using a custom set of solar cells, produced by Solems In-
dustrie (France), which measured both incident PAR and
total short-wave radiation. A total of 94 cells, laminated with
isotropic filters, were strung together in sets of ten cells, ar-
ranged as five pairs per string. The nine strings were divided
into two sets, one with 50 cells and one with 40 cells. Each cell
was placed on a 10-cm post in order to minimize interference
from low-lying vegetation. The four remaining cells were
reserved for above-canopy measurements of incident PAR (two
accompanying each set). These above canopy measurements
were augmented with four calibrated LICOR 190SA and



STEINBERG et al.: VALIDATION OF MODIS PRODUCTS 3

Fig. 2. Images displaying stand and ground conditions in the (a) 1994 and (b) 1987 burn sites, and in (c) the unburned spruce site.

Fig. 3. Schematic illustrating the sampling design of a “grid site.” Solid dots
indicate the location of each 10-m line transect which were sampled at 1-m
intervals. A PAR cell array is shown at the center of the grid indicating the
typical orientation and location of the array.

Apogee PAR sensors. Each array, when deployed, covered an
area of approximately 400 m , characterizing an area at least
comparable in size to a Landsat pixel (900 m ).

The two cell arrays were operated at five different sites over
three years (2002–2004), where each array was associated with
one of the ten grid sites described earlier. Arrays were strate-
gically located in areas representative of the vegetation of the
associated study site. In order to capture the phenological and
seasonal dynamics of light interception, arrays were deployed
in early spring and run continuously throughout the growing
season. In 2002, arrays were deployed in the 1987 and 1994
burns, at the 1987a and 1994b sites [Fig. 2(a) and (b)]. The fol-
lowing year (2003), one of the two arrays was moved to the un-

burned spruce site [Fig. 2(c)], while the other remained in the
1987 burn, but was relocated within the burn, to the 1987b site.
This allowed us to characterize the light harvesting dynamics
of an evergreen site (unburned spruce) while also establishing a
multiyear record at the 1987 burn site. Movement of the array
within the 1987 burn allowed for a more comprehensive char-
acterization of dynamics. In 2004, the array from the un-
burned spruce site was returned to the 1994 burn and deployed
at the 1994b site. Again, collection of data from multiple sites
within each burn allowed us to more comprehensively charac-
terize light interception of the region. The 1999 burn was not
measured with the PAR cell arrays, because the little vegetation
that had re-established was dominated by grasses.

Minimum and maximum measurements for each string of
the arrays were recorded every 15 s on Campbell CR10X
data loggers, and subsequently averaged every 10 min. PAR
cell responses (millivolts) were converted to energy fluxes

mol m s , using the calibrated Licor and Apogee
quantum sensors. The PAR cell arrays were calibrated at the
beginning and end of each measurement season in order to
account for any drift over the observational period.

The data from each string were processed and filtered to re-
move values where:

1) (above canopy PAR) (below
canopy PAR), or
2) .
As with the handheld measurements, values for each

string were calculated as .
Daily for each array was calculated as the mean

value from all strings within an hour of the MODIS Terra over-
pass (between 11:30 and 13:30 local time). Mean daily
values were then used to construct a time series of daily at
each site location. Data were also averaged to eight-day values
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and subsequently compared with the MODIS eight-day
product.

3) MODIS Data: The MODIS product
(MOD15A2) is produced globally at 1-km spatial resolu-
tion and is composited over an eight-day period based on the
maximum value [4]. The products are projected on a
World Sinusoidal 10 grid, where the globe is divided into indi-
vidual km tiles for processing and distribution
purposes (36 tiles along the east-west axis, and 18 tiles along
the north-south axis). Each tile contains LAI, , and two
quality assessment (QA) layers, which contain information on
the quality of individual pixel estimates, cloud contamination,
and algorithm use.

The MODIS algorithm uses a look-up-table
(LUT) approach to calculate the most probable values of

and LAI for each pixel. It uses as inputs up to seven
bi-directional Reflectance Distribution Functions (BRDFs) ad-
justed reflectances, sun-view geometries, and the MODIS Land
Cover type product (MOD12Q1). The algorithm LUTs are
based on canopy reflectances over a range of canopy structure
and ground cover conditions typical of a given biome type,
and are compared with observed MODIS reflectance product
values (MOD09) [18]. For cases where the difference between
observed and modeled reflectances is less than the uncertainty
of the observed reflectance values, canopy structural variables
used as inputs to the model are taken as possible solutions
for and LAI [18], [19]. The retrieved value is
calculated as the mean of all possible solutions. If a unique
solution is found, this value is reported as the retrieval. In cases
where no solutions are found, a back-up algorithm is used
to predict based on empirical relationships of to
MODIS vegetation index products [4]. This latter approach is
comparable to our derivation of maps from the Landsat
imagery and field measurements.

The MODIS products were acquired for our study
area for the years 2001–2004. Using the quality assessment
layers, data were filtered using two different quality
control schemes. First, all tiles from 2002–2004 were screened
such that only pixels with the “best possible” designation under
the QA description were retained for each tile (Table I). This
corresponds to pixels that were retrieved using the primary

algorithm during minimal cloud cover. We conducted
additional screening to retain pixels with the “best possible,”
or “ok, but not the best” designation under the QA description.
This included pixels retrieved by both the main and back-up
algorithm, and excluded pixels which were not produced due
to cloud cover, snow, or other factors (Fig. 4).

Following the data quality screening, a time series of MODIS
at each study site was constructed and compared with our

in situ measurements collected using the PAR cell arrays.
MODIS values from the single pixel overlying each PAR
cell array were extracted from each quality filtered eight-day
composite throughout the study period. These values were then
plotted through time in order to create a continuous time se-
ries of MODIS . MODIS radiometric data were extracted
from the original World Sinusoidal projection, minimizing re-
sampling of the MODIS data.

TABLE I
MODIS F QUALITY CONTROL DEFINITIONS FOR COLLECTION 4 DATA

Fig. 4. Graph depicting the percentage of available pixels that are retained
throughout the study year, under quality filtering schemes 1 and 2. Retaining
only pixels with the “best possible” quality control definition drastically limits
the number of usable pixels.

Individual measurements collected with the Ac-
cuPAR ceptometer were compared with MODIS pixels using
a “MODIS grid,” displaying MODIS pixel edges overlaid on a
map of our field measurements. All screened measure-
ments within the boundary of a single pixel were averaged and
compared to the value of the overlying MODIS pixel. MODIS
pixels were extracted from the composite image, which had an
acquisition date closest in time to the sampling date of the field
measurement. Pixels from these composites were occasionally
missing due to data quality screening, and were not included in
the analysis.

In addition to the MODIS product, the MODIS Land
Cover (MOD12Q1) product [20], and the MODIS eight-day
250-m NDVI product (MOD13Q1) [21] were acquired for the
study area. The MODIS land cover product is one of the inputs
into the MODIS algorithm; as a result, biome mis-
classification in the land cover product can introduce errors into
the MODIS product [22], [23]. In order to assess the in-
fluence of these errors on MODIS retrievals, land cover
statistics were compiled over the 1999, 1994, and 1987 burns
(Table II) and assessed based on field knowledge of local land
cover. The MODIS NDVI product was also examined to assess
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TABLE II
PERCENTAGE COVERAGE OF EACH BIOMETYPE

OVER THE 1987, 1994, AND 1999 BURNS

uncertainties in the comparisons across multiple scales,
i.e., using Landsat and IKONOS imagery, and to discern the ef-
fect of spectral mixing at MODIS resolution.

4) ETM+ Processing and Maps: Landsat ETM+
scenes available for relatively cloud-free periods between
2001–2004 were acquired as level-1b products. An orthorec-
tified Landsat-7 Earthsat ETM scene, acquired on September
15, 1999, was used as the base image to which all other acqui-
sitions were georeferenced. Control points were also acquired
in the study area using GPS to increase the precision of the
georectification. The calibrated radiances were converted to
top-of-atmosphere (TOA) reflectances using in-band spectral
solar irradiances and a solar geometry model to correct for
Earth-Sun distance and solar zenith angle variations [24]. No
atmospheric measurements were available for absolute atmo-
spheric correction but the images were collected under clear
conditions, and were adequate for our purposes (i.e., spatially
extending the field measurements).

maps of 30-m resolution were derived from the geo-
referenced TOA ETM scenes using simple linear regression
relationships with our field-based measurements of . A
Landsat grid was overlaid on a map of the ceptometer mea-
surements, and the mean of all measurements within
the boundary of a single grid cell were plotted against the
NDVI of the overlying Landsat pixel. Regression models were
developed on an individual scene basis, and stratified into
deciduous versus evergreen sites. We found the best fit using
all available data across scene dates ( , ,

), and based our empirical estimates on the
resulting model . This single
regression was then applied to the each Landsat scene in order
to convert NDVI values to [Fig. 5(b)]. A 2000-km
subset of the study region was extracted from each ETM
image, and the images were degraded to the exact MODIS pixel
size, by averaging all fine resolution values within each
MODIS pixel . Quality-controlled MODIS scenes
were reprojected into the Albers Equal Area projection in order
to correspond to the ETM imagery, and a subset of the study
region was then extracted from the MODIS composite. The
MODIS scale ETM subsets were subsequently compared to
MODIS subsets on a per-pixel basis. Acquisition dates
of MODIS and ETM imagery were matched as best as possible,
and no date differed by more than four days.

Fig. 5. (a) Subset of a quality-filtered MODIS F tile (July 21, 2002)
showing the study region. Missing pixels within this example are shown in
white. (b) Landsat F image (acquired June 2, 2001) of the study region.
Image insets show IKONOS F centered on three of the study sites. White
dots indicate the location of study sites (PAR cell locations) within each of the
burns. Dates of acquisitions of IKONOS imagery from left to right: May 26,
2001, July 18, 2001, and July 18, 2001.

In addition to the maps, 30-m NDVI images were cal-
culated from the georeferenced TOA ETM scenes, and a subset
of the study region was extracted from each Landsat NDVI
image. As with , the images were subsequently degraded
to 250-m resolution in order to correspond to the MODIS NDVI
product resolution. Aggregation of the fine resolution Landsat
data was carried out by averaging all high-resolution pixels
within the boundaries of a single MODIS pixel. MODIS NDVI
scenes were reprojected into the Albers Equal Area projection,
and a subset of the study region was extracted. The 250-m
Landsat NDVI subsets were then compared to the MODIS
NDVI subsets on a per pixel basis.

IV. RESULTS

Filtering the MODIS product results using the quality
flags reduced, as expected, the number of usable pixels per
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image to a fraction of those possible (Fig. 4). Relaxing the
filtering to include second tier quality flags (“OK but not the
best” ) increased the number of usable pixels and allowed us
to produce and work with MODIS maps covering a
reasonable extent of the study area through time. None of the
third or fourth tier data were used, and only second tier data
unaffected by clouds, snow cover, detector or sensor problems
were included (see Table I). These derived MODIS products
were used in the analyses that follow.

A. Comparisons With Field Measurements

In situ measurements acquired with the Decagon Cep-
tometer ranged from 0.18 to 0.95 over our set of 30 sampling
sites. The corresponding MODIS values ranged from 0.46 to
0.93, and were moderately well correlated with the field esti-
mates (Fig. 6). The MODIS values were less variable
and overestimated relative to our ground measurements, partic-
ularly in areas with lower field measured

.
The 2002, 2003, and 2004 time series of PAR cell array mea-

surements did not always capture the full extent of seasonal vari-
ation in due to various quality control issues, but we were
able to capture a range of continuous measurements available at
a few other sites. Seasonal dynamics of varied between
sites due to differences in vegetation density, composition, and
stand age. At the four deciduous sites [Fig. 7(a)–(d)], our in
situ measurements display a typical phenology where
leaf-flush drives an increase in , reaching a maximum at
mid-summer, and decreasing as leaf senescence ensues at the
end of the season. In contrast, the mature spruce site exhibited
the inverse of this seasonal pattern, where the beginning and end
of season were marked by local maxima of and the min-
imum was reached at mid-season [Fig. 7(e)].

The time series of MODIS measurements compared
with the in situ measurements (Fig. 7) indicate that the MODIS

retrievals tended to overestimate relative to our
ground-based measurements. At all five study sites, where the
PAR cell arrays were operated, MODIS values exceeded
the observations, although the magnitude of the differences
varied between sites and throughout the season (ranging from
0.05 to 0.4). With the exception of the 1994b site, the difference
between field and MODIS estimates reached a maximum at
or near mid-season ( day 195), and as the season progressed,
MODIS tended to converge with our in situ measure-
ments. At the 1994b burn site, however, the maximum offset
occurred during the green-up, and diminished throughout the
season.

The strongest correlation between all seasonal MODIS and
field-based measurements was observed at the 1987a site.
The offset never exceeded 0.1 and typically averaged 0.05. At
all four other sites, we found more pronounced differences,
with the largest occurring at the 1994b site, where MODIS
overestimated by up to 0.4. Maximum differences ob-
served at the 1987b burn, 1994a burn, and unburned spruce
sites were 0.2, 0.25, and 0.3, respectively. Pearson correlation
coefficients at the sites ranged from 0.93 at the 1987b site to
0.06 at the spruce site (Table III), although the low correlation
at the latter was largely due to the limited seasonal variability

Fig. 6. Comparison of the MODIS F product to field measurements taken
using a Decagon ceptometer.

of at the site. The simple linear regression of eight-day
MODIS and eight-day averaged field from all
sites (Fig. 8) shows that the discrepancies between the MODIS

product and the PAR-cell array measurements are greater
at lower values and decrease with increasing magnitude
of . The mean differ-
ence over all sites between MODIS and PAR-cell estimates is
0.16, indicating a mean offset of the same magnitude. Seasonal
variation in was reasonably well characterized by the
MODIS product. The field and MODIS estimates follow sim-
ilar green-up and senescence patterns throughout the growing
season and display similar seasonal patterns of variation.

B. Comparisons With High Resolution Maps

The Landsat-derived image [Fig. 5(b)] captured a
wide range of across the study area. Direct comparison
of the MODIS and Landsat maps also indicated that the
MODIS products overestimated , particularly in burned
areas (Fig. 9). The offset between the MODIS and ETM prod-
ucts was approximately 0.2, which was similar to that observed
between MODIS and the PAR cell arrays. Spatial variability in

captured in the resampled Landsat was comparable
to that in the MODIS product (Fig. 9), and we note that the
largest disagreement between MODIS and aggregated Landsat
pixels generally fell over sparsely vegetated areas, including
recent burns.

Comparison of the MODIS 250 m NDVI product to aggre-
gated Landsat NDVI revealed that MODIS NDVI, calculated
from atmospherically corrected reflectances, was consistently
higher than the Landsat NDVI [Fig. 10(a)], although the two
were highly correlated . The comparison of Landsat
NDVI to aggregated IKONOS NDVI revealed that NDVI values
calculated using Landsat TOA reflectances were consistently
higher than IKONOS NDVI [Fig. 10(b)]. As with the MODIS-
Landsat NDVI comparison, Landsat and IKONOS NDVIs were
highly correlated .

V. DISCUSSION

The observed disparity between the averaged individual
ceptometer measurements and the MODIS estimates
were at least partly due to differences in the spatial scale of the
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Fig. 7. Time series of PAR cell and MODIS eight-day F measurements. The study site where each time series was extracted from is indicated on the graph.
Note that there are two different study sites within both the 1987 and 1994 burns.

field and satellite observations. Despite the acquisition of cep-
tometer measurements over relatively homogeneous areas and
utilizing a sampling design to capture spatial variability, it was
not possible to adequately characterize an area equivalent in
size to a MODIS pixel with field measurements alone. Species
composition, canopy density, and ground cover, vary greatly
across the study region, and large differences in all exist across
areas as small as 0.25 km . The ceptometer measurements
were useful for capturing more local variability in canopy light
harvesting and in permitting the development of finer resolution

maps from IKONOS and Landsat imagery [Fig. 5(b)].
Comparisons of the PAR cell array measurements to

MODIS suggest that the MODIS product captured sea-
sonal dynamics of with reasonable accuracy, but tended

TABLE III
STATISTICS FROM THE REGRESSION ANALYSIS OF THE MODIS

AND FIELD F TIME SERIES AT EACH STUDY SITE
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Fig. 8. Comparison of eight-day averages of PAR cell array measurements and
eight-day MODIS F estimates across all sites.

to overestimate the magnitude of in these regrowth sites.
Timing of green-up and leaf senescence was consistent between
the MODIS and field measurements, and the shapes of the sea-
sonal curves derived from both were similar. The MODIS
product appeared to better capture seasonal changes in
in deciduous areas where canopy density, and, therefore,
was greater. We offer a few possible explanations for these ob-
servations.

The primary factor affecting differences between MODIS and
field measurements was the combination of canopy closure and
ground cover vegetation. Ground cover in the region is rela-
tively heterogeneous with most areas dominated by mosses and
lichens, or by herbaceous species that exhibit spatial and sea-
sonal changes in density [14]. Because neither the PAR cells nor
the ceptometer capture ground cover light interception (just light
interception from vegetation greater than 10 cm in height),
in regions where photosynthesizing ground cover is prevalent,
field values may be lower than those estimated in the
MODIS product. The MODIS algorithm calculates
based on reflectance rather than transmittance values and, thus,
includes the contribution of ground cover to the total
signal.

Based on these observations, we would expect to find better
agreement between MODIS and PAR cell estimates at
sites with relatively dense canopies, and, therefore, high .
In these areas, ground cover may be extensive, but because the
canopy is dense, the fraction of the total signal made up
by ground cover is small relative to the fraction made up by the
canopy. In contrast, where canopy cover is sparse and ground
cover is extensive, the fraction of the total signal made
up by ground cover will be greater, and, thus, the exclusion of
the ground cover component in these areas will have a greater
effect than in regions where canopy density is high.

These observations are supported by our results (Figs. 6, 8,
and 9). Larger discrepancies between the MODIS and PAR cell
measurements were found in areas where low canopy density,

Fig. 9. Comparison of aggregated LandsatF to the MODISF product
at 1-km resolution across the study region.

Fig. 10. (a) Comparison of aggregated Landsat NDVI to comparable MODIS
250-m NDVI products across the study region. (b) Comparison of aggregated
IKONOS NDVI to the Landsat 30-m NDVI for the area of overlap between both.

and/or prevalent canopy gaps, allowed for more direct influence
of ground cover on surface reflectance. Similar results have
been noted and modeled in boreal forest and other ecosystems
[25]–[28]. The best overall agreement between MODIS and
field measurements was found within the 1987 burn, which
is characterized by a more uniform canopy, and herbaceous
ground cover (see Fig. 2). In contrast, we found greater dif-
ferences between MODIS and field measurements in the 1994
burn, where canopy density was lower and nonuniform, and
ground cover dominated by herbs and mosses. The MODIS
product also showed greater seasonal changes in rela-
tive to field measurements at this site, most likely related to
green-up and senescence of ground-cover.
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Fig. 11. MODIS-TERRA, Landsat-ETM, and IKONOS spectral response
curves for the red and near infrared bands of each sensor.

An effect which could account for some additional disparity
between MODIS and the PAR cell measurements, particularly
under sparse canopy conditions, is the difference between
MODIS and the ground measurements of intercepted
photosynthetically active radiation ( ). Our field measure-
ments did not take into account upwelling or reflected PAR,
but the effect of PAR reflectance from the canopy and ground
surface on the total signal is small due to relatively little
PAR reflectance from vegetation, subsequent re-absorption
by the canopy, and the off-setting effects of PAR reflectance
from the canopy and the ground cover. Thus, closely
approximates . Differences between the two can occur
under sparse canopy conditions [29], [30], but recent field
measurements in much sparser Kalahari Woodlands indicate a
maximum 4% absolute difference [9].

Another factor accounting for observed differences between
MODIS and field measurements is associated with
biome type classification in the MODIS Land Cover product
(MOD12Q1). The land cover map separates global vegetation
into six distinct biomes: grasses and cereal crops, shrubs,
broadleaf crops, savannas, broadleaf forests, and needleleaf
forests. Each biome has associated properties describing its
structural attributes such as ground cover, vertical heterogeneity,
crown, and background brightness. These properties are used
to parameterize the three-dimensional radiative transfer model
used in the retrieval algorithm [19]. Biome misclassifi-
cation may introduce error into the solutions, by
altering variables accounting for canopy structure, particularly
errors associated with the life form composition (i.e. trees
versus shrubs or grass) [22], [23]. In the MODIS product, the
“savanna” class dominated all burned areas, with needleleaf
forest and shrub cover making up the majority of the remaining
area. Statistics from the land cover product over the three
burned areas indicated that more recent fires had higher per-
centages of forest cover (Table II), which is not the case in our
study area (rather, more recent burns had less tree cover). This
observation may be partly associated with charred material
being confused with dense evergreen forest cover.

Comparisons of the MODIS product to high resolution
maps derived from Landsat and the field measurements

also indicated that the MODIS product overestimated rel-
ative to Landsat (Fig. 9). This suggests that the differences ob-
served between the field and MODIS values were not
entirely due to scale mismatch between measurements. Spatial
heterogeneity within a 1-km MODIS pixel was captured in the
aggregated Landsat maps; thus, we believe scale mis-
match was a not primary source of the observed differences. We
cannot, however, entirely rule out scale mismatch as a source
of error. Although the Landsat images incorporate the influence
of ground cover reflectance, the maps derived from them
were based on (i.e., calibrated to) our field measurements, which
did not include ground cover contributions to total . Thus,
the Landsat maps helped to capture and integrate spatial
variability in , but not the ground cover contribution to
total estimated in the MODIS product. As a result,
the absolute magnitudes of the MODIS retrievals were higher
than both estimates based on the field measurements, and the
higher resolution maps.

Because maps of are often generated from empirical
relationships with the NDVI, as we have done here and the
MODIS algorithm does when a unique solution is not
found, we explored comparisons of the NDVI products as
well. The MODIS NDVI product consistently estimated higher
NDVI than the aggregated Landsat NDVI (Fig. 10). Similarly,
the IKONOS and Landsat NDVI values at the same spatial
resolution were highly correlated but offset from one another,
with the Landsat systematically higher than IKONOS NDVI
across the full range of values. These observations may be the
result of differences in sensor bandwidths (Fig. 11) which can
alter the NDVI estimated using different sensors not only due
to differences in observed in-band surface spectral reflectance,
but also as a result of differences in attenuation by various
atmospheric constituents. We note that the MODIS NDVI was
calculated from reflectance values that were atmospherically
corrected [31], whereas the Landsat and IKONOS were not
corrected due partly to inadequate atmospheric measurements
and partly to its being beyond the scope of our analysis.
Others have noted these NDVI differences between sensors
(for example, see [32] and [33]) and demonstrated that absolute
atmospheric correction of the in-band reflectances minimizes
the NDVI differences observed between sensors [24], [34]. In
our case, the Landsat NDVI values, calculated from normalized
top-of-atmosphere reflectance, were essentially calibrated to
our field measurements to produce maps. As such,
the NDVI comparisons were not crucial to our compar-
isons so long as the relative spatial patterns in NDVI (thus,

) were captured. It is important, however, to consider
these NDVI differences in any biophysical retrieval algorithms
that rely on multisensor NDVI or surface reflectance values.

VI. CONCLUSION

MODIS products were analyzed in a boreal landscape
and compared with field estimates, including a combina-
tion of spatially extensive hand-held measurements and a unique
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set of continuously operating light sensor arrays. High-resolu-
tion maps were derived from IKONOS and Landsat im-
agery calibrated to the field measurements. Results indicate that
the MODIS products generally overestimated the mag-
nitude of relative to both field measurements and high
resolution maps, but captured most of the observed sea-
sonal variability of (i.e., phenological changes) over the
growing seasons for which we had nearly continuous measure-
ments (2002–2004).

Canopy closure and ground cover influences on surface
reflectance were the source of at least some of the observed
discrepancies between the magnitudes of the estimates.
Differences were most pronounced in more sparsely vegetated
areas with denser ground cover (e.g., sites in a 1994 burn re-
growth area). In contrast, areas with more uniform canopy cover
were better characterized by the MODIS products (e.g., sites in
unburned areas and a 1987 burned area). This observation was
confirmed by comparisons with the aggregated high-resolution

maps over larger areas than those captured by our field
sites.

Related multisensor NDVI comparisons also indicated sys-
tematic differences between the MODIS products and the higher
resolution sensors used to capture and aggregate spatial vari-
ability in , but we suggest most of these differences were
associated with the lack of atmospheric correction of the latter.
Our primary purpose for comparing NDVI values was to dis-
cern differences in based on the use of NDVI for em-
pirical estimation, but our analysis of this was limited to
the extent of our field measurements, which did not capture the

of ground cover or vegetation 10-cm height. Thus, the
high-resolution maps helped to extend the field measure-
ments and capture spatial variation within the MODIS pixels,
but not the absolute magnitude of beyond the vegetation
components measured in the field.

Classification of much of the boreal landscape, particularly
burned areas, as a type of savanna in the MODIS land cover
product may also influence the MODIS estimates, as the
land cover type is used to prescribe vegetation structural proper-
ties used in the algorithm look-up tables. Since the prod-
ucts are relatively higher order, they also are dependent upon the
accuracy of the reflectance and vegetation index products, which
are evaluated elsewhere in this special issue. It would be advan-
tageous in future work to attempt to separate errors in
retrievals that result from these various constituents relative to
properties of the land surface such as canopy closure and ground
cover. The collection 5 (V005) product, expected to
be in production by the end of 2005 and completed by March
of 2007, may address some of the issues in the collection four
product outlined in this paper.

The boreal ecosystem is rapidly changing, at least partly due
to changes in climate [10], [35], and this is reflected in the dra-
matic increase in the area burned on an annual basis. It is impor-
tant that models simulating changes in carbon dynamics, many
of which utilize satellite products, minimize uncertainties
associated with the data that drive them while maximizing the
factors of interest. Additional validation of products in a
range of environments, including boreal areas associated with

fire disturbance, will help to ensure that carbon model results
are consistent and robust on annual to inter-annual time scales.
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