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1 Abstract / Executive Summary

The MODIS Land Discipline Team (MODLAND) will use several validation techniques to develop

estimates for the uncertainty of its products.  The methods include comparisons with in situ data collected

over a distributed set of validation sites, comparisons with data and products from other airborne and

spaceborne sensors, analysis of trends in MODLAND products, and analysis of process model results

(including EOS Interdisciplinary Science, IDS, models), which are driven or constrained by MODLAND

products.  Primary validation activities are based on the collection of a suite of data that can be compared to

MODIS land products.  In general, this will include field and tower measurements, fine-resolution imagery

(less than 10m Instantaneous Field of View, IFOV), and high-resolution imagery (from 10 – 30m IFOV)

imagery from airborne and satellite sensors.  The validation activities can be broken down by:

1) Primary validation data sources

2) Validation data storage, distribution, and archive

3) Product specific validation procedures

4) Communicating validation results and

5) Integrating validation activities into the global community

This validation update provides the status and plans for each of these.

Based on existing activities and the desire to continuously improve validation results, this plans concludes

with recommendation for future activities, which are:

o Advancing work on scaling and correlative procedures

o Utilizing the global network approach for validation data collection

o Stress operational collection and correlative analysis

o Integrate validation activities with scientific application of global land products

The activities outlined in this updated plan provide the foundation for operational product validation in the

near-term for Terra and Aqua while the recommendations promote rigorous validation science to contribute

to the establishment of science quality climate data records.

MODLAND Validation information is available via the Internet at:

http://modarch.gsfc.nasa.gov/MODIS/LAND/VAL/

When one admits that nothing is certain one must, I think, also add that some

things are more nearly certain than others.

Bertrand Russell
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2 Introduction

This document provides an update on the activities the MODLAND team will use to evaluate and validate

its systematic data products and algorithms.  It is meant as a supplement to update the 1998 MODIS Land

Validation Plan (Morisette et al., 1998) and serve as a validation plan for MODLAND products produced

from the sensors on board both the Terra and Aqua platforms.  Much of what is described in the 1998

document as “being developed” (e.g., the EOS Land Validation Core Sites, the MQUALS system,

FLUXNET, Oak Ridge National Laboratory’s (ORNL’s) Mercury tool,) is now established.  The current

activities will build on what has been accomplished with continued efforts to test and validate MODLAND

products and share the validation results with the user community.

2.1 Science Objectives

The Terra satellite was launched in December 1999 and first Earth views from MODIS were taken in

February 2000.  For approximately the first six months after launch the MODIS calibration support team

was working to stabilize the MODIS level 1 products.  During this time, the MODLAND team was

working with the MODIS Production System to refine MODLAND algorithms.  Now, as MODLAND data

start to become publicly available through the EROS Data Center DAAC (EDC DAAC), EOS-funded and

other validation investigations relevant to MODLAND are starting to yield real results, and an internet-

based infrastructure is in place to support validation data. The primary objective for MODLAND

Validation activities is to provide the user community with measures of uncertainty for its level 2-4

products.  These include:

o Radiation Budget Variables: Surface Reflectance, Land Surface Temperature (LST) and
Emissivity, Snow and Ice Cover, Bi-directional Reflection Distribution function
(BRDF)/Albedo,

o Ecosystem Variables: Vegetation Indices, Leaf Area Index (LAI) and Fractional
Photosynthetically Active Radiation (FPAR), Vegetation Production, Daily Photosynthesis
(PSN) and Annual Net Primary Production (NPP)

o Land Cover Characteristics: Fire and Thermal Anomalies and Burned Area, Land Cover,
Vegetative Cover Conversion, and Vegetation Continuous Fields

Because each of these is a global product, MODLAND plans to develop uncertainty information over each

of the major surface-atmosphere systems.

MODLAND validation is based on the collection of independent data that can be compared to MODIS land

products.  In general, the suite of validation data will include field and tower measurements, fine-resolution

imagery (less than 10m Instantaneous Field of View, IFOV), and high-resolution imagery (from 10 – 30m

IFOV) imagery from airborne and satellite sensors.  The validation activities can be broken down by:
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1. Primary validation data sources

2. Validation data storage, distribution, and archive

3. Product specific validation procedures

4. Communicating validation results and

5. Integrating validation activities into the global community

The following validation update provides the status and plans for each of these activities.

The Committee on Earth Observing Satellites (CEOS) Working Group on Calibration and Validation

(WGCV) defines validation as “the process of assessing by independent means the quality of the data

products derived from the system outputs” (http://wgcv.ceos.org/).  In this context, the MODLAND

Validation activities are the means by which we will assess the quality of the MODLAND products.

3 Primary validation data sources

The general approach for collecting data to validation MODLAND products involves either airborne or

higher resolution satellite data, or both, coupled with ground based measurements.  The particular protocol

for the ground based measurement and the processing of the higher resolution imagery will depend on the

product being validated.  In this section we review background information on several key data sets.

3.1 NASA’s Airborne Science Program

NASA’s Airborne Science Program (http://www.dfrc.nasa.gov/airsci/) provides airborne platforms to carry

NASA sensors such as the Airborne Visible Infrared Imaging Spectrometer (AVIRIS), and Earth

Observing System (EOS) sensor simulators, such as The MODIS Airborne Simulator (MAS),

MODIS/ASTER Airborne Simulator (MASTER), and the Airborne Multi-angle Imaging

SpectroRadiometer (AirMISR).

NASA’s Airborne Science program sensor URLs:

o AVIRIS http://makalu.jpl.nasa.gov/

o MAS http://ltpwww.gsfc.nasa.gov/MAS/

o MASTER http://masterweb.jpl.nasa.gov/

o AirMISR http://www-misr.jpl.nasa.gov/mission/air.html

Due to the usual very high altitude of these flights, the image data from the NASA Airborne program have

~50m resolution.  Funding for validation-related NASA airborne data has, to date, come from a

combination of EOS project office and individual team member budgets.
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3.2 MQUALS System

The MODIS Quick Airborne Looks (MQUALS) is an aircraft mounted system that houses an array of 3

digital cameras, a calibrated Exotech 4-channel radiometer, and an albedometer.  The typical MQUALs

flight covers roughly a 10 x 10 km area. The Exotech will use custom filters to match the first four bands

from the MODIS1. While the spectral digital camera array matches MODIS bands 1, 2, and 3. Off-nadir

and thermal sensing capability may be added if it can be readily implemented with one or two fixed-mount

radiometers.  The package is housed on a versatile mount usable by most aerial photo-based light aircraft

with nadir-viewing ports.  Information on MQUALS can be found at

http://gaea.fcr.arizona.edu/projects/validation/index.htm

3.3 Scientific Data Purchase program

The Scientific Data Purchase (SDP) is

a demonstration program developed in response to the President's Space Policy,
directing NASA to purchase remote sensing data from the private sector.
Initiated in fiscal year 1997, the SDP was funded under the Earth Science
Enterprise (ESE) Program to provide scientific data to the ESE science
community. (http://www.crsp.ssc.nasa.gov/databuy/dbmain.htm)

This provides a source of high-resolution data to validate some of the MODIS land products. The

MODLAND team will utilize several of the image data sets available through the SDP program.  For

example, MODLAND will use the precision geocoded 1990 era Landsat 5 data supplied by Earth Satellite

Corporation as a baseline, geocoded high-resolution data set.  MODLAND will also use the SDP program

for the fine resolution imagery of the Ikonos sensor (1m panchromatic and 4m multi-spectral) supplied by

Space Imaging, and the 1m multi-spectral airborne imagery supplied by Positive Systems.  The SDP has

allocated resources specifically to the MODLAND team to support its validation efforts.

3.4 Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER)

The Advanced Spaceborne Thermal Emission and Reflection Radiometer obtains high-resolution (15 to 90

meter pixels) images of the Earth in 14 different wavelengths of the electromagnetic spectrum, ranging

from visible to thermal infrared light.  All three ASTER telescopes (VNIR, SWIR, and TIR) are pointable

in the cross-track direction.  ASTER’s high resolution and its ability to change viewing angles, allow for

the derivation of stereoscopic images and detailed terrain-height models.   Unlike the other instruments

                                                          

1 band 1= 620- 670nm, band 2= 841- 876, band 3 = 459- 479nm, band 4= 545- 565nm
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aboard Terra, ASTER will not collect data continuously; rather, it will collect an average of 8 minutes of

data per orbit.  Because of this discontinuity, it has been necessary for the MODLAND team to request

ASTER data be collected over validation sites.  These requests have been submitted to the ASTER team

and continued dialog will help ensure acquisition.  ASTER is the only high spatial resolution instrument on

the Terra platform and so offers the best opportunity for high-resolution imagery coincident with MODIS

data.   The detailed terrain-height models will also provide useful information in characterizing the

landscape. More information on ASTER can be found at http://asterweb.jpl.nasa.gov/.  Currently these data

are available free of charge through the EOS data gateway connection to EDC DAAC.

3.5 Landsat 7: Enhanced Thematic Mapper Plus

LANDSAT 7 with its Enhanced Thematic Mapper Plus (EMT+) instrument was successfully launched on

April 15, 1999.  Since that time it has shown to be a stable instrument, both radiometrically and

geometrically (Barker et al., 1999) and continues the heritage of previous Landsat data.  The ETM+

instrument is an eight-band multi-spectral scanning radiometer capable of providing high-resolution image

information of the Earth’s surface.  It detects spectrally filtered radiation at visible, near-infrared, short-

wave, and thermal infrared frequency bands from the sun-lit Earth. Nominal resolution is 15 m IFOV in the

panchromatic band; 30m IFOV in the 6 visible, near and short-wave infrared bands; and 60m IFOV in the

thermal infrared band.  The ETM+ imagery will provide high-resolution imagery in visible and near-

infrared bands similar to MODIS.  An account has been set up at EDC DAAC to purchase ETM+ data for

MODLAND validation needs.

3.6 Surface Science Networks

Data from several surface networks have been and will continue to be used for MODLAND validation.

Primarily, these include the AERONET sunphotometer network and FLUXNET CO2/H20 flux network.  In

addition, MODLAND plans to investigate the usefulness of the BSRN and SurfRad networks for albedo

validation.

3.6.1 AERONET

The AERONET (AErosol RObotic NETwork) program is an inclusive federation of over 100 ground-based

remote sensing aerosol networks.  AERONET provides hourly transmission of CIMEL sunphotometer data

to the GOES (or METEOSAT) geosynchronous satellites, which in turn relay the data to Goddard Space

Flight Center (GSFC) for daily processing and archiving.  By teaming with AERONET, MODLAND

scientists have access to validation data from a global network of CIMELs in near real-time.  The
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AERONET network will be the main source of atmospheric characterization for MODLAND Validation

activities.  AERONET data are available on-line at http://aeronet.gsfc.nasa.gov:8080.

3.6.2 FLUXNET

The FLUXNET network is dedicated to long-term measurements of carbon dioxide, water vapor, and

energy exchange from a variety of worldwide ecosystems, integrated into consistent, quality assured,

documented datasets. FLUXNET is a network of networks, which integrates worldwide CO2/H20 flux

measurements through the ASIAFLUX, AmeriFlux, CARBOEROFLUX, and Oznet networks.  There are

currently over 140 towers registered with FLUXNET and over 60 of these have submitted data or defined a

start date for doing so.  The Oak Ridge DAAC will be the point of contact for FLUXNET data archive and

distribution. Details on FLUXNET can be found at http://daacl.esd.ornl.gov/FLUXNET/.

4 Validation data storage, distribution, and archive

The primary mechanisms for data storage, distribution, and archive for MODLAND validation-related data

are the EOS Land Validation Core Site infrastructure and the Mercury system.

4.1 EOS Land Validation Core Sites

Following a number of years of consensus building among the EOS instrument teams, the Science Working

group for the AM-1 Platform (SWAMP) decided at its meeting in December 1997 to focus much of its land

validation activity on a set of “Core” sites (Justice et al., 1998b).  This focus will allow collaboration within

and among science teams and reduce the duplicated effort that would result from validation efforts at

disparate sites.  This decision resulted in an EOS community effort to establish the EOS Land Validation

Core Sites.  The data collected at these sites will provide an important resource for the broader science

community.  Although their development has been led by MODLAND, the sites are intended for use by all

satellite sensors (Justice et al, 2000).

The EOS Land Validation Core Sites will provide the user community with timely ground, aircraft, and

satellite data for EOS science and validation investigations.  The sites, currently 24 distributed worldwide,

represent a consensus among the instrument teams and validation investigators and represent a range of

global biome types (see Figure 1; Table 1; Morisette et al., 1999; Justice et al., 1998).  The sites typically

have a history of in situ and remote observations and can expect continued monitoring and land cover

research activities.  In many cases, a Core Site will have a tower equipped with above-canopy

instrumentation for near-continuous sampling of landscape radiometric, energy and CO2 flux,
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meteorological variables, and atmospheric aerosol and water vapor data.  These will be complemented by

intensive field measurement campaigns.

The CEOS WGCV Land Product Validation (LPV) is currently considering the EOS Land Validation Core

Sites as an example of focused validation activity.  An objective of the LPV is to utilize the established

data, infrastructure, and lessons learned from the EOS Land Validation Core Sites as a model for global

validation activities/sites organized through CEOS WGCV.  In light of this and other related LPV

activities, the MODLAND team will continue to interact with the LPV sub-group.
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Figure 1: EOS Land Validation Core Sites


