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of O3 and other atmospheric oxidants since the indus-
trial revolution may have triggered an increase of at-
mospheric Hg emissions and re-emissions from natural
substrates during the same time period.

B21E MCC: Level 2 Tuesday
0830h

Validation and Application of Land
Surface Products From the MODIS
Sensor I Posters (joint with H, GC)

Presiding: F A Heinsch, University of
Montana; J L Privette, NASA
Goddard Space Flight Center
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The University of Wisconsin Space Science and En-
gineering Center (UW-SSEC) is making use of the U.S.
Department of Energy Atmospheric Radiation Mea-
surement (DOE ARM) program Southern Great Plains
(SGP) site for validation of NASA EOS land surface
products. The DOE ARM site covers a 250 km square
region that includes most of Oklahoma and southern
Kansas. The site is dominated by a mixture of veg-
etation and bare soil with a vegetation fraction that
changes with the growing season. The land use is di-
vided between cattle ranching (permanent pasture) and
wheat farming (seasonal). The DOE ARM site pro-
vides routine state-of-the-art vertical profile measure-
ments of the atmospheric state. Special radiosonde
launches have been conducted by DOE ARM to coin-
cide with overpasses of the NASA Aqua platform. The
UW-SSEC has provided ground truth measurements of
surface characteristics using a mobile research vehi-
cle (the AERIbago) during several aircraft field cam-
paigns. The UW-SSEC Scanning High-resolution Inter-
ferometer Sounder (S-HIS) has provided high altitude
observations of the thermal infrared spectrum for com-
parison to satellite observations. Coincident measure-
ments of ground-based and aircraft observations with
AIRS and MODIS satellite observations have been ob-
tained during TX-2001, TX-2002, and IHOP. Prelimi-
nary land surface products from AIRS will be compared
with MODIS land products and the validation measure-
ments obtained from aircraft and ground-based sensors.

URL: http://airs3.ssec.wisc.edu/˜airs/lste
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Data from multiple types of local and regional stud-

ies are needed to extrapolate from site studies to larger-
scale products derived from remote sensing or global-
scale modeling. This poster describes data compiled
at the Oak Ridge National Laboratory (ORNL) Dis-
tributed Active Archive Center (DAAC) to support
the validation of MODIS land products. The ORNL
DAAC provides data from several sources to support

this effort: (1) a global network of flux tower sites
(FLUXNET), (2) subsets of remote sensing products
from MODIS, (3) ground-based studies designed to val-
idate remote sensing products, and (4) regional and
global data set of key environmental parameters. The
FLUXNET database contains carbon, water vapor, sen-
sible heat, momentum, and radiation flux measure-
ments along with associated ancillary and value-added
data products for a wide range of ecosystems on five
continents. Subsets of selected MODIS products are
provided in ASCII format for an area 7 x 7 km around
each of 274 field sites. The MODIS products posted
at the ORNL DAAC include surface temperature, re-
flectance, albedo, vegetation indices, land cover, leaf
area index, photosynthetically active radiation, and
photosynthesis. Data collected from land validation
field studies are registered in the DAAC’s Mercury
metadata search and data retrieval system. Data on
the global distribution of net primary production and
leaf area index, based on 1000s of point measurements,
are available from the ORNL DAAC for use in valida-
tion. Validation of MODIS Products has benefited from
the use of core validation sites, where a suite of field,
airborne, and satellite data is used to extrapolate from
site studies to large-scale products. Existing in situ
networks (e.g. flux towers, AERONET, LTER/ILTER)
and field investigations (e.g., LBA, SAFARI 2000) as
well as international partnerships and coordination,
mainly through CEOS/IGOS, have been key compo-
nents of the validation approach. We have learned that
simplified data access with dedicated archives and easy-
to-use data formats (e.g., ASCII subsets) as well as fre-
quent communication between Product PIs, Validation
PIs, and data facilitators all play a significant role in
improving the understanding of the MODIS Land Prod-
ucts.

URL: http://www.daac.ornl.gov
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In support of the NASA Earth Observing System
(EOS) Land Product Validation investigations, nu-
merous remotely sensed data and field measurements
are being collected at core validation sites around the
world. These core sites’ represent different biomes
and include locations at which in situ measurements
are routinely collected. The types of remotely sensed
data that are being acquired and analyzed over these
sites include Landsat 7 ETM+, ASTER, MODIS, and
SPOT VEGETATION. The data being collected over
these sites are being used to monitor ecosystem sta-
tus, compile time-series records of biophysical and
geophysical parameters, and to validate the suite of
land products being derived from MODIS data. In
order to facilitate easy access to the remotely sensed
data being collected over these core sites, the data
are stored online under FTP directories established
by the Land Processes Distributed Active Archive
Center (LP DAAC) at the USGS EROS Data Cen-
ter. In situ measurements and data collected through
field campaigns are being coordinated by the Oak
Ridge National Laboratory Distributed Active Archive
Center (ORNL DAAC) and being made accessible
through the Mercury system, which is a web-based
search engine (http://mercury.ornl.gov/ornldaac/).
Access to many of the remotely sensed and in
situ data sets collected over the EOS Land Val-
idation core sites’ can be accessed through Mer-
cury or the MODIS Land Validation web page
(http://modarch.gsfc.nasa.gov/MODIS/LAND/VAL/).
We are hoping to stimulate interest and participation
by the Validation of Land European Remote Sensing
Instruments (VALERI, http://147.100.0.5/valeri//) to
extend the network and diversity of sites as well as in-
crease collaborative research. We have developed a web
portal that enables investigators to select a particular
site of interest, determine what data are available for
that site, and select datasets for ftp download. Certain
services may be requested to be applied to the data
prior to download, including: spatial and parameter
subsetting, projection transformation, and file format
conversion. The scientific rationale for this project is
predicated on improving international and interdisci-
plinary collaboration in the assessment, application,
and improvement of remotely sensed data products and
services available to the research community. Efforts
to validate remotely sensed data products at a global
scale are unprecedented, yet such efforts are necessary
in order to quantify the errors or uncertainties asso-
ciated with these derived geophysical and biophysical
parameters. These products must be evaluated over a
wide range of land surface conditions and on a regular
basis.
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Snow and sea ice cover are some of the more im-
portant spatial features of the Earth’s surface that can
be readily measured from space. Moderate Resolution
Imaging Spectroradiometer (MODIS) instruments on-
board NASA’s Terra and Aqua spacecraft collect spec-
tral data that are used to routinely produce snow cover
and sea ice products. With higher spatial and spectral
resolution, the MODIS snow and ice products (includ-
ing snow albedo and sea ice surface temperature) im-
prove upon a long history of global coverage satellite-
derived products that have been produced from polar-
orbiting satellites since the early 1970s. Fully auto-
mated, quality controlled, daily global maps of snow
cover and sea ice extent, produced at 500m, 1000m, and
0.05◦ spatial resolutions by the MODIS Land Team, are
available from the National Snow and Ice Data Center
(NSIDC) Distributed Active Archive Center (DAAC).
MODIS snow and ice products from the Terra satellite
have been produced since 2000; most of these products
have been validated over a wide range of locations and
time periods. Production of comparable snow and ice
products using Aqua data will begin during the next
few months after final testing of an algorithm that uses
a slightly different set of spectral bands. Recent work
to improve the performance and utility of the products
includes: subsetting, gridding, and resampling tools; an
easy-access Data Pool of recent and popular data hold-
ings; reduced-resolution browse data available through
the ordering systems; and plans for new products in-
cluding a snow albedo product as well as a sea ice prod-
uct on a climate modeling grid. Through examples of
current MODIS data usage, we describe the character-
istics and state of validation of the MODIS snow and
ice products, their accessibility from the NSIDC DAAC,
and current user support and tools.

URL: http://nsidc.org/modis
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The latest generation of NASA Earth Observing
System satellites has brought a new dimension to con-
tinuous monitoring of the living part of the Earth Sys-
tem, the Biosphere. EOS data can now provide weekly
global measures of vegetation productivity and ocean
chlorophyll, and many related biophysical factors such
as land cover changes or snowmelt rates. However, in-
formation with the highest economic value would be
forecasting impending conditions of the biosphere that
would allow advanced decision-making to mitigate dan-
gers, or exploit positive trends. We have developed a
software system called the Terrestrial Observation and
Prediction System (TOPS) to facilitate rapid analy-
sis of ecosystem states/functions by integrating EOS
data with ecosystem models, surface weather observa-
tions and weather/climate forecasts. Land products
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from MODIS (Moderate Resolution Imaging Spectro-
radiometer) including land cover, albedo, snow, sur-
face temperature, leaf area index are ingested into
TOPS for parameterization of models and for veri-
fying model outputs such as snow cover and vegeta-
tion phenology. TOPS is programmed to gather data
from observing networks such as USDA soil moisture,
AMERIFLUX, SNOWTEL to further enhance model
predictions. Key technologies enabling TOPS imple-
mentation include the ability to understand and pro-
cess heterogeneous-distributed data sets, automated
planning and execution of ecosystem models, causa-
tion analysis for understanding model outputs. Current
TOPS implementations at local (vineyard) to global
scales (global net primary production) can be found at
http://www.ntsg.umt.edu/tops.
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Land surface temperature (LST) estimation is im-
portant for various applications in such as estimating
land-atmosphere fluxes, soil moisture, and water stress
and droughts. Remote sensing is only technique which
can provide consistent global LST data on a frequent
basis. However, recent studies with afternoon AVHRR
data have shown that LST data are vulnerable to large
systematic biases as a result of sensor and sun geom-
etry effects. These biases vary with vegetation struc-
ture, but seem most prevalent in woodland and savan-
nas. In this investigation, we studied the angular ef-
fects on the morning-pass MODIS LST products. We
have conducted both continental and point case studies
over Africa using both 1 km and 5 km resolution data.
Our methods rely on detailed correlative and model-
ing analysis of LST with sun-view geometry and unique
vegetation structural maps, including fractional crown
cover, crown height and width, and understory occur-
rence. We report the seasonal and spatial variability
of LST over Africa and suggest implications as well as
possible remedies.
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The MODIS Rapid Response System was developed
to expedite availability of select MODLAND products
for online distribution within hours after satellite over-
pass. To date, this system has produced the active fire
product and imagery for selectable locations worldwide.
This has primarily served wildfire fighting and com-
munity outreach purposes. Recently, we adapted the
MODLAND Land Surface Temperature Product for us-
ing in the Rapid Response System. This required sev-
eral modifications to the code since other input prod-
ucts (e.g., atmosphere water vapor) are not immedi-
ately available after satellite overpass. We now use
forecasted atmospheric parameters as well as TOVS cli-
matology to produce the near real time LST. We com-
pare and characterize differences between the standard
operational MODIS LST product and the new Rapid
Response Product. The near real time LST was de-
signed for agricultural and water stress monitoring as
well as hydrological assimilation modeling. We indicate
lessons learned and suggest future improvements.
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A major field campaign was conducted in Rail-
road Valley, NV, in June 2003. Ground-based mea-
surements were made in the clear-sky days from June
26 to 30. Sky radiance and surface-leaving TIR ra-
diance in sunshine and shadow conditions were mea-
sured with a Bomem TIR spectroradiometer. Diurnal
surface temperatures were measured with four TIR ra-
diometers. Six radio sounding balloons were launched
in the period of clear-sky days to measure the atmo-
spheric temperature and water vapor profiles. MODIS
Airborne Simulator (MAS) data were acquired in a day-
time flight and a nighttime flight on June 27. An ex-
cellent match between the measured spectral sky radi-
ance and the radiance calculated with atmospheric ra-
diative transfer code MODTRAN4.0 based on the mea-
sured atmospheric profiles provides a solid evidence of
the good quality of both the TIR spectroradiometer
and the radiative transfer code. The measured surface-
leaving TIR radiance in sunshine and shadow condi-
tions were used to retrieve playa surface spectral emis-
sivity by a sun-shadow method. The band-averaged
emissivities calculated from the retrieved spectral emis-
sivity agree within 0.005 with those used in the MODIS
split-window LST algorithm for the site. Terra and
Aqua MODIS 1km LST products were validated with
a temperature-based method using the LSTs measured
by the TIR radiometers at nights. This method is lim-
ited by the spatial variation in LSTs, which is obviously
shown in the day and night MAS images. The LST
products were also validated in day and night condi-
tions with a radiance-based method, which is based on
the MODTRAN code, measured surface emissivity and
atmospheric profiles. The LST accuracies are better
than 1K in all seven Aqua cases where zenith viewing
angles are up to 56◦, and in four of six Terra cases. The
LST accuracy is better than 1.5K in the remaining two
Terra cases with viewing angles at 54◦and 60◦. The
accuracy of nighttime LSTs at viewing angles within
47◦ is better than 0.5K in four Aqua cases and two
Terra cases. The MODIS LST products have been vali-
dated, most within 1K, in more than 40 clear-sky cases
in the wide ranges of surface temperature and atmo-
spheric conditions in 2000-2003.
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Phases of dynamical change are taking place in
many developing countries causing land-use change. In
China there has been enormous economic growth since
1978 followed by impacts on the environmental, so-
cial and economical conduct of the society. One of
the counter actions taken by the Government to halt
the environmental degradation in the Loess Plateau has
been the introduction of the Crop Conversion Program
in 1999, stopping agricultural activity in slope areas,
mainly used by small-scale farmers. At the same time
climate variations have also been evident in the area
with decreases in rainfall and increases in temperature
since 1970. The aim here is to examine what vegetation
changes are seen on large scales in the area from 2000-
2002, and how they correlate to local land-use changes.
We then investigate how the land-use changes corre-
lated with climate variations and/or policies and re-
forms. The data included in this integrated assessment
includes remote sensing information from MODIS and
ASTER images, climate and statistical data as well as
farmer’s participatory data. The results show that the
large-scale vegetation has increased and that correlates
well with dramatic local land-use change caused by the
policy implementation. This however is not correlated
with the climate variation found during this time (both
lagged and simultaneous) which show a less favorable
vegetation condition; all very well perceived by farm-
ers. Hence the direct force behind the extreme land-use
change is more associated with policy and economics
than climate
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This paper addresses the vegetation mapping
and land use of Opunohu Valley (Moorea Island -
French Polynesia) using JPL-AirSAR and MASTER
(MODIS/ASTER simulator) images acquired during
the PACRIM2 mission (Aug. 2000). These sensors are
different but can be considered as complementary since
MASTER is a 20 meters ground resolution multispec-
tral imaging scanner with 50 channels distributed in the
visible-shortwave infrared, mid infrared and thermal
infrared, and AirSAR is a C-band (TOPSAR) and L-
band (POLSAR), 5meters ground resolution radar sen-
sor. Our main application field deals with the complex
and fragile vegetation cover of south pacific volcanic is-
lands. We presently focus on Opunohu Valley because
of its highly representative diversity of vegetation and
land cover (found in other polynesian volcanic islands),
including different types of forests, coconut fields, grass
fields, fern lands, urban zones, agricultural areas, etc...
We first defined an original set of classes based on the
relative canopy-height of vegetation, we then composed
a well-suited RGB SAR-composite image in order to vi-
sually discriminate our vegetation classes. An interest-
ing ”pineapple fields” class (an important economic re-
source in Moorea island) proved to particularly discrim-
inate from height-related ”grass fields” class because of
its structural properties, which lead to a particular sig-
nature on SAR images. Using a supervised maximum
likelihood algorithm, two classification maps have been
defined on both the AirSAR and the MASTER images,
using aerial photographs as a ground truth training set.
The vegetal species included in each class as well as
the classification results are further discussed and the
MASTER and AirSAR based classification maps are
compared.
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The impoundment of water has served to increase
global water resources through time in support primar-
ily of growing agricultural needs. If future capabilities
or policies retard the increase in water impoundment,
then there will be an impact on agricultural produc-
tivity that may not be accounted for in current pro-
jections. Thus, it would be desirable to determine the
total amount and rate of water impounded to date in
order to better estimate the effects on usable water re-
sources and global sea level. Dams have been built for
many years, but only the large, registered reservoirs
are counted in international tallies of impounded water
resources. To date there is not even a rough estimate
of the amount stored in the literally millions of small
reservoirs such as farm ponds and rice paddies that
have resulted from small scale agricultural and other
land use. The volumes of these cumulatively may ex-
ceed that of the few large reservoirs. Further, there has
been no estimate at all of the amount of ground water
impounded by any dams, large or small. While it is im-
practical to inventory millions of small agricultural im-
poundments, it is possible to use remote sensing data to
estimate the quantity of this impounded water so that
more accurate projections of water resource availabil-
ity as well as 21st century sea level rise can be made.
One approach to this problem is based on hydrologic
land use regimes globally. Hydrologic land use char-
acterization would involve determining the amount of
water impounded for agriculture locally using Landsat
data along with ground-based information, and extend-
ing to the global scale using MODIS data. Comparison
with climate data will make it possible to estimate the
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area of irrigated land using mid-infrared and optical
bands. Based on this information one can calculate
the global areal extent of agricultural land irrigated
from impounded water resources. A second approach
involves unmixing MODIS data for sub-pixel analysis
of small water bodies directly. The MODIS analysis
can be ”trained” by high-resolution analysis of Land-
sat TM data, leading to global impounded reservoir
area from MODIS without the need for hydrologic land
use characterization. In both approaches, water vol-
ume can be determined by impounded water area in-
ferred from remote sensing, and typical water depths
obtained from local studies. For all reservoirs (big and
small) impounded ground water can be estimated using
topographic databases, combined with information re-
garding typical porosities and dam height. Integrating
this information with impounded surface water, total
increases in water resources can be determined.
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The moderate resolution imaging spectroradiometer
(MODIS) is NASA’s primary Earth observation sensor
for global change studies. With the launch of the Terra
satellite in 1999 and Aqua in 2002, improved data for
land studies of radiation budget, ecosystems, and land
cover characteristics, as well as ocean and atmospheric
data, became available to scientists. One ecosystem
variable that has been extensively used for remote sens-
ing studies of global change is the normalized difference
vegetation index (NDVI), a greenness measure that is
linearly related to several biophysical measures such as
fraction of photosynthetically active radiation (fPAR)
and leaf area index (LAI). The value of the NDVI is
that it has been calculated for many years from a her-
itage satellite sensor, the advanced very high resolu-
tion radiometer (AVHRR), thus establishing a useful
time-series of global change related data. However,
due to several differences between MODIS and AVHRR,
including sensor radiometery, spectral resolution, and
overpass time, direct comparisons and transitions are
not readily made. This poster describes a dataset that
has been created by the US Geological Survey to facili-
tate such comparisons and to document and character-
ize the similarities and differences between the sensors.
Early results indicate similar temporal trajectories of
the two time-series, but the NDVI from MODIS has
generally slightly higher values than that from AVHRR.
This indicates that temporal studies between the sen-
sors may not require extensive corrections, but studies
concerned with the magnitude of the NDVI will require
considerable adjustment. In addition, several metrics
derived from the NDVI temporal trajectories may be
used to describe and associate the phenologic state of
vegetation within the context of regional climatic in-
fluences.
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We present results of retrievals of surface bi-
directional reflectance distribution function (BRDF)
and albedo properties using MODIS 8-day clear-sky
composite product MOD09. The approach is based on
simultaneous use of landcover classification and clear-
sky composite data products. Surface anisotropic prop-
erties derived from MODIS, which is a cross track scan-
ning instrument, are also validated against multiangu-
lar observations available from Terra/MISR data. Com-
parison has been made over the Atmospheric Radi-
ation Measurement (ARM) Program Southern Great
Plane (SGP) study area. In general, results com-
pare quite favorably with MODIS BRDF/Albedo prod-
uct MOD43. This indicates the possibility of surface
albedo/BRDF mapping with higher temporal resolu-
tion - 8 days instead of 16 days as presently adopted

in MODIS data processing. Limitations and conse-
quences of BRDF retrievals using observations avail-
able from single sun-synchronous platform are also an-
alyzed. Approach and results for generating 10-day
surface albedo/BRDF products using MODIS MOD09
clear-sky composite data will be also discussed. This
temporal resolution is required to provide compatibil-
ity with other satellite datasets, such as ones available
from AVHRR and VGT sensors. This research was sup-
ported by the US Department of Energy Atmospheric
Radiation Measurement (ARM) Program under grant
No. DE-FG02-02ER63351.
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An algorithm based on physics of radiative trans-
fer in vegetation canopies for the retrieval of veg-
etation green leaf area index (LAI) and fraction of
absorbed photosynthetically active radiation (FPAR)
from MODIS surface reflectance data was developed,
prototyped and is in operational production at NASA
computing facilities since June 2000. This poster high-
lights recent changes in the operational MODIS LAI
and FPAR algorithm introduced for collection 4 data
reprocessing. The changes to the algorithm are tar-
geted to improve agreement of retrieved LAI and FPAR
with corresponding field measurements, improve con-
sistency of Quality Control (QC) definitions and mis-
cellaneous bug fixes as summarized below. * Improve-
ment of LUTs for the main and back-up algorithms for
biomes 1 and 3. Benefits: a) increase in quality of re-
trievals; b) non-physical peaks in the global LAI distri-
bution have been removed; c) improved agreement with
field measurements * Improved QA scheme. Benefits:
a) consistency between MODLAND and SCF quality
flags has been achieved; b)ambiguity in QA has been
resolved * New 8-day compositing scheme. Benefits: a)
compositing over best quality retrievals, instead of all
retrievals; b) lowers LAI values, decreases saturation
and number of pixels generated by the back-up * At-
launch static IGBP land cover, input to the LAI/FPAR
algorithm, was replaced with the MODIS land cover
map. Benefits: a) crosswalking of 17 classes IGBP
scheme to 6-biome LC has been eliminated; b) uncer-
tainties in the MODIS LAI/FPAR product due to un-
certainties in land cover map have been reduced
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The prototype MODIS evapotranspiration (ET) al-
gorithm was tested with ground flux observation net-
work. As a result, the algorithm based on a two-
source model and the complementary concept gave al-
most same accuracy as initially obtained in the north
American region on NOAA/AVHRR.
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Recent predictive models for hantavirus pulmonary
syndrome (HPS) have used remotely sensed spectral re-
flectance data to characterize risk areas with limited
success. We present an alternative method using gross
primary production (GPP) from the MODIS sensor to
estimate the effects of biomass accumulation on pop-
ulation density of Peromyscus maniculatus (deer mouse),
the principal reservoir species for Sin Nombre virus
(SNV). The majority of diagnosed HPS cases in North
America are attributed to SNV, which is transmitted
to humans through inhalation of excretions and secre-
tions from infected rodents. A logistic model frame-
work is used to evaluate MODIS GPP, temperature,
and precipitation as predictors of P. maniculatus den-
sity at established trapping sites across the western
United States. Rodent populations are estimated us-
ing monthly minimum number alive (MNA) data for
2000 through 2002. Both local meteorological data
from nearby weather stations and 1.25 degree x 1 de-
gree gridded data from the NASA DAO were used in the
regression model to determine the spatial sensitivity of
the response. MODIS eight-day GPP data (1-km res-
olution) were acquired and binned to monthly average
and monthly sum GPP for 3km x 3km grids surrounding
each rodent trapping site. The use of MODIS GPP to
forecast HPS risk may result in a marked improvement
over past reflectance-based risk area characterizations.
The MODIS GPP product provides a vegetation dy-
namics estimate that is unique to disease models, and
targets the fundamental ecological processes responsi-
ble for increased rodent density and amplified disease
risk.
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With the validation of collection3 MODIS data for
2001 and 2002, EOS science team is improving some
MODIS algorithms and related ancillary data sets to
enhance the accuracy of MODIS products. Now collec-
tion4 MODIS data sets are being reprocessed. Here we
compare MOD17 collection4 with collection3 globally
to see which aspects are improved and what make this
happen. Changes in daily meteorological data (DAO)
inputs and MOD15A2 (8-day Fpar & LAI) have great
impacts on MOD17 results. Globally, latest GEOS4.02
DAO data sets have higher accuracy than previous
GEO3.0, which contributes much to MOD17 improve-
ments. Improved MOD15A2 plays an important role in
MOD17 improvements for some biomes, such as grass
and crop. Furthermore, we find some uncertainties in
MOD17, and propose some schemes for future improve-
ments. For example, 1) the DAO boundary lines ex-
isting in MOD17 image due to its coarse spatial reso-
lution can be eliminated by spatial non-linear interpo-
lation, 2) the short missing-period and cloud contami-
nated pixels can be filled by using temporal linear in-
terpolation, 3) unrealistic negative NPP can be solved
by using a relatively constant ratio of NPP to GPP. In
the end, the improved MOD17 can enhance our abili-
ties to monitor ecological conditions, natural resources,
and environment changes.

URL: http://www.ntsg.umt.edu
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