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ABSTRACT

Cutrrently the assessment of environmental conditions in New Mexico is limited to after-the-fact process-
ing of information gathered from ground based environmental sensors and monitors and remotely sensed
imagery produced by environmental satellites. Because of receiving, processing, and dissemination prob-
lems, these assessments typically occur days to weeks after the event of interest. This information is of lit-
tle value to the researcher who needs to place these data in a real-time modeling framework for scientific
studies or to the end user who needs to make response decisions while the event is occurring or shortly
thereafter. In a rapid response situation, such as that associated with a major environmental disaster, or
even in response to a bioterrorism, the lack of efficient means to access and process these data could lead
to significant economic impact and could cost thousands of lives. This information could become avail-
able with the proper statewide data collection network in place, and with the proper processing and dis-
semination capabilities on-line.

Access to real-time environmental data is critical in developing interdisciplinary models that can be used
for assessment of current conditions, scientific research, hazard response, and policy decisions. Federal
and State agencies could use such data sets to rapidly assess and respond to environmental hazards and
security concerns. These capabilities, when linked to predictive and diagnostic models, would be extreme-
ely useful to environmental policy makers and when coupled with advanced visualization tools and eco-
nomic models could influence development of new decision-making tools across the spectrum of envi-
ronmental applications.

The need for real-time data in environmental modeling, monitoring, assessment and response is well rec-
ognized by the research community. However, the ability to use environmental data within a real-time
context is lacking. An effort underway at UNM would provide state-of-the-art facilities in this rapidly ex-
panding research and applications area. The Center for Rapid Environmental Assessment and Terrain
Evaluation (CREATE) to be headquartered on the UNM campus was funded under FY03 and FY04 Fed-
eral Appropriation to NASA. The Center will acquire real-time remotely sensed data from environmental
satellites and integrate these data within CREATE’s analytic and computational facilities to provide rapid
assessment of changing environmental conditions specifically in the State of New Mexico and generally
across a region ranging from central Mexico on the south to southern Canada on the north and from the
Mississippi River on the east to the Pacific Ocean on the west. Full-time operational capabilities (data col-
lection, processing, analysis, and dissemination) are scheduled to begin in July 2004 with incremental addi-
tions to the Center’s capabilities and driven by the end-user community needs.

The research center will develop methods to acquire, process, analyze and deliver environmental data to
end users with a goal of reducing data lag times from the current days to weeks to less than 30 min. These
data sets will be used to support existing Decision Support Systems in hydrology, meteorology, ecology,
and climatology, as well as providing the research framework and data sets required to generate the next
generation of Decision Support Systems using NASA, NOAA, and commercially available data sets and
assets. The facility will provide NM with the opportunity to take a leading role in the production, delivery,
and use of real-time satellite imagery and environmental data (water, air, vegetation, soil, climate, disease
occurrences) in response to rapidly changing environmental conditions.

The Center for Rapid Environmental Assessment and Terrain Evaluation (CREATE) is headquartered on the
campus of the University of New Mexico and was funded under FY03 and FY04 Federal Appropriations to
the University of New Mexico through NASA. The Center has acquired and installed complete satellite
ground stations for the receipt of X-Band Direct Broadcast MODIS data from the Terra and Aqua satellites
& L-Band Direct Broadcast data from NOAA polar orbiting satellites. The ground station provides near real-
time environmental data that are integrated with ancillary data in the CREATE computational facilities to
provide rapid assessment of changing environmental conditions to state and Federal agencies in New Mexico
and generally across a region ranging from Central America on the south to central Canada on the north and
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from the Atlantic Ocean on the east to the Pacific Ocean on the west. The research center is developing
methods to acquire, process, analyze and deliver environmental data to end users with a goal of reducing data
lag times from the current weeks to less than 15 minutes. The Center currently processes and outputs satel-
lite passes and data products within 30 minutes of the completion of a satellite pass.

These data sets will be used to support existing Decision Support Systems in hydrology for a wide range of
end users. Ongoing research is designed to provide the research framework and data required to generate the
next generation of Decision Support Systems using NASA, NOAA, commercial and foreign data sets and
satellite assets.

Hydrologic Monitoring - Key Points

« Optimal hydrologic monitoring combines
constant surveillance and the ability to
rapidly analyze and respond to “events”

» Hydrologic system management requires
continual updating of multiple integrated
datasets

* Much of the information used for
hydrology has both a spatial and
temporal dimension

Management of the continually changing hydrologic resources of New Mexico requires up-to-date informa-
tion on a wide range of environmental variables. This data must be provided in a timely manner so that De-
cision Support Systems (DSS’s) for hydrology can be used to manage the water supply in a manner that repre-
sents the best use of this scarce resource. This data, which by its very nature is spatially distributed across the
landscape, often needs to be updated on a daily or even finer timescale. Satellite imagery and derived prod-
ucts, assuming that they can be accessed and produced in near real-time, provides data for this hydrologic
Decision Support need.

Remote Sensing/Geographic Information
System - Tools and Products

* Remote Sensing and GIS technologies provide tools for;
— Data capture,
— Information display
— Spatial analysis
* Remote Sensing and GIS technologies allow;
— Rapid assessment and mapping
— Informed responses when coupled with Decision Support Systems
(DSS)
— Long term inventory capabilities
— Change detection capabilities.

Standard image processing and analysis tools, coupled with access to satellite data in near real-time, provide
the tools and products necessary for rapid assessment and monitoring, long-term inventory and change detec-
tion in response to both gradual and sudden changes in the landscape. For hydrologic use this includes the
ability to monitor snow pack conditions, vegetation status and vegetative change, evapotranspiration, fire
conditions and a wide range of variables that influence the hydrologic regime. Satellite data and derived prod-
ucts, when coupled with and processed within the spatial framework of a Geographic Information System
(GIS) provides a unique data source for hydrologic management.
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New Mexico- MODIS True Color Image

New Mexico/Colorado Upper
Rio Grande Basin- Vegetation

The image illustrated is a MODIS true
color image of New Mexico that has been
degraded from its original 0.25 kilometer
resolution. Hydrologic features, vegetative
cover and snow distribution are clearly visi-
ble on this degraded image. This product,
and up to 20 additional derived MODIS
products, are produced six to eight times
per day. Satellite acquisitions from NOAA
satellites are used to derive another related
set of hydrologic and atmospheric products.

An example of the power of this technology
is for mapping the vegetative cover health
status of New Mexico’s vegetative cover.
This modified false color image shows a por-
tion of the upper Rio Grande Basin with the
healthy vegetation shown in green and burn
areas indicated in red. This data can be
tracked through a growth season to monitor
grassland conditions, responses to revegeta-
tion after fires and a host of plant/ water re-
lated conditions.

Another important hydrologic application is
the mapping and monitoring of snow cover.
The image on the left is a true color spring
image of northern New Mexico and south-
ern Colorado in the upper Rio Grande Basin.
In the image at the right the snow areas have
been extracted and mapped in blue for easy
visualization. The snow areas can then be
reported as a percent cover by geographic
region or by individual basins when analyzed
within a Geographic Information System.
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CREATE

» Funded with Federal Appropriations in FY03
($1,800,000) and FY04 ($1,600,000) through NASA
Earth Science Enterprise (ESE) Program

» Established as a Research Center on the University
of New Mexico Campus

» Associated with the Department of Earth and
Planetary Sciences at UNM

« Interfaces with hydrology, climatology,
geomorphology and biology/ecology programs

The Center for Rapid Environmental Assessment and Terrain Evaluation (CREATE) is funded through the
NASA Earth Science Enterprise (ESE) Program at the NASA Stennis Research Center in Mississippi. It has
been established as a Research Center on the University of New Mexico campus and is directly associated
with the Department of Earth and Planetary Sciences. The Center interfaces with campus programs in hy-
drology, climatology, geomorphology and biology and ecology. Dr. Louis Scudeti of the Department of
Earth and Planetary Sciences directs the Center’s operations.

Project Goals

* To receive, process and distribute a wide range of
remotely sensed data and analysis products within 30
minutes of data acquisition

» To support existing scientific research efforts and to
aid in the development of new scientific and
application efforts between researchers in New
Mexico and nationwide

» To support State and Federal users with timely and
appropriate data for environmental analysis and
inventory of critical systems in response to user
driven data requirements

The overall approach of the center is rooted in the idea that imagery from satellites sensors is of little use to
the scientific and applications community if it is not readily available in near real-time. Consequently, the
goals of the Center are to receive, process and distribute a wide range of remotely sensed data and analysis
products within 30 minutes or less of data acquisition in support of existing research and application needs
and to aid in the development of new scientific and application efforts between researchers in New Mexico
and nationwide. A critical end product of this process is the support of State and Federal users with timely
and appropriate data for environmental analysis and inventory of critical systems in response to user driven
data requirements
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Environmental Imagery Analysis: NASA: 2003-08. Federal
Appropriation of $1,800,000 in FY03 and $1,600,000 in FY04
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The CREATE system is actually composed of three distinct units. Environmental satellites provide a range
of raw data products which can be captured by CREATE’s 4.5 and 1.5 meter satellite antennas. This raw data
is ingested by CREATE’s multiprocessor data processing unit and output as a range of products in support of
hydrologic management.

CREATE System Specifics

e 4.5 meter dish- NASA satellites, foreign and commercial
* 1.5 meter dish- NOAA meteorological satellites

* Real time data ingest and processing system
e Level 1 and 2 products produced in less than 30 minutes

« Algorithm development for specialized applications

« Ability to produce GIS referenced datasets and to integrate that
output with existing GIS databases and with ground-based
sensor networks

e Web-based interface to data
e 20terabyte on-board data archiving capabilities
» Additional off-line archiving

* Operational for MODIS and NOAA data July 1, 2004 with other
satellites added over the 2004 - 2006 timeframe

Besides data acquisition and output, a primary goal of CREATE is algorithm development for specialized
applications designed to meet the specific needs of the user community in New Mexico. CREATE has the
ability to produce GIS referenced datasets and to integrate satellite derived products with existing GIS data-
bases and with ground-based sensor networks. Data from our processing unit is transferred to end users via
a web-based interface to both raw data and data products. The system currently has 20 terabytes of on-board
data archiving capabilities with additional off-line archiving added in the near future.
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MODELS
« Regional Ecological Simulations
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eCoupled Hydrologic and
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Models (NSF)

Proposed Systems:

¢ Advanced hydro/eco
simulator (AHES)
*Real-Time Fire Modeler
*Coupled Mesoscale

atmospheric hydrological

model

*Regional Hydrologic
support system
*Floodplain Mapping
System

VALUE & BENEFITS

e Optimize knowledge
of the state of surface
vegetative cover

e Higher quality hydro-
ecosystem models
running in near real-
time

* Optimize response to
fire events minimizing
damage (economic and
ecosystem)

e Improved prediction
of vegetative change in
response to external
influences

e Optimize water usage
and water quality
assessments

eReduce response
times to environmental
disasters, hazards and
bioterrorism

CREATE is associated with NASA via its Earth Science Enterprise (ESE) Program. This program places a
high priority on the use of satellite products as input data to Decision Support Systems (DSS’s) for a range of
uses within 12 identified National Focus areas. Hydrology falls within the Ecosystem Monitoring and As-
sessment focus area and includes use of NASA assets, models and products as input into Decision Support
Systems. A major focus is towards an assessment of the value and benefits derived from satellite products for
improvement of current monitoring and assessment capabilities, optimization of these products and applica-
tion of these products to real-world problems. The subsequent slides outline this process.

NASA ESE MISSIONS
e TRMM
* Aqua
o Terra
e Landsat 7

Non-ESE Missions
* ESA -ERS1 ERS2
* RADARSAT
* IKONOS
 Quickbird
« Indian Remote Sensing
Satellites
..

@ Ecosystem Monitoring and Assessment

Monitoring and assessment
begins with a range of raw
data inputs from both
NASA, NOAA, commercial
and foreign satellites.
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This data is then prepared
for a range of existing mod-
els that may be applied to
hydrologic monitoring and
assessment.

A set of data outputs neces-
sary to run each model is
produced from the raw data
and is made available to
Decision Support System
end users.
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MODELS
* Regional Ecological Simulations
* Fire modeling
«Coupled Hydrologic and

Data

NASA ESE MISSIONS
e TRMM
* Aqua
o Terra
¢ Landsat 7
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- Land Cover change
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- Water Contamination
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@ Ecosystem Monitoring and Assessment

DECISION SUPPORT:

Current Systems:
« Regional HydroEcological
Simulation System

(RHESSys) (NASA)
Information Products,  Fire modeling FARSITE
Predictions, and Data (USFS)

« Integration of surface
hydrologic models with
mesoscale atmospheric
model (RAMS)

« Coupled Hydrologic/GIS

Surface Meteorology
-Temperature
-Humidity

Models (NSF)
-Winds
-Precipitation Proposed Systems:
: « Advanced hydro/eco
-Evaporation

simulator (AHES)
*Real-Time Fire Modeler
«Coupled Mesoscale
atmospheric hydrological
model

*Regional Hydrologic
support system
*Floodplain Mapping
System

« Indian Remote Sensing
Satellites
...

A
»~

This data is both used to run
current DSS’s and as inputs
to proposed DSS’s which are
currently in the research/
development phase.

MODELS

 Fire modeling
eCoupled Hydrologic and

Data

NASA ESE MISSIONS
e TRMM
e Aqua
e Terra
e Landsat 7

Non-ESE Missions
e ESA -ERS1 ERS2
o RADARSAT
o IKONOS
o Quickbird
o Indian Remote Sensing
Satellites

Mesoscale Atmospheric Models
o Coupled Hydrologic/GIS Models

WEELY  Ecosystem Monitoring and Assessment

» Regional Ecological Simulations

DECISION SUPPORT:
Current Systems:

Simulation System
(RHESSYys) (NASA)
¢ Fire modeling FARSITE
(USFS)
e Integration of surface
hydrologic models with
mesoscale atmospheric
model (RAMS)

Information Products,
Predictions, and Data
from NASA ESE

Missions and Models:
- Surface Meteorology

.Tempgrature « Coupled Hydrologic/GIS
-Humidity Models (NSF)
-Winds

Proposed Systems:

« Advanced hydro/eco
simulator (AHES)
*Real-Time Fire Modeler
*Coupled Mesoscale
atmospheric hydrological
model

*Regional Hydrologic
support system
*Floodplain Mapping
System

-Precipitation
-Evaporation
- Vegetative Cover
- Land Cover change
- Fire status
- Water Contamination
- Rapid Vegetation
Change

>

« Regional HydroEcological
e Optimize knowledge
|:> of the state of surface

e Higher quality hydro-
|:> ecosystem models

|:‘,> influences
o Optimize water usage

:> assessments
eReduce response

VALUE & BENEFITS

vegetative cover

running in near real-
time

o Optimize response to
fire events minimizing
damage (economic and
ecosystem)

e Improved prediction
of vegetative change in
response to external

and water quality

times to environmental
disasters, hazards and
bioterrorism

After use each data output is assessed for relevance and the value and benefit of these data streams is quanti-
tied. This provides input back to NASA for the development of new sensors for applications which need

additional capabilities and as justification for sustaining current satellite systems.
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Global baseline for hydrological and
ecosystem characteristics; High
resolution hydrological and
ecological models incorporating real-
time satellite data to provide rapid
ecological monitoring and
assessment.

Ecosystem Monitoring and Management Application:
Integration of near Real-Time satellite imagery and derivative data
products to improve monitoring and management of public and private
lands.

Improved mid/long-term climatological
hydrological, and ecosystem modeling

== Improved parameterization of
land surface characteristics
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This approach is designed to lead to satellite systems with advanced capabilities. Output data and products
from these systems will lead to significant improvements in DSS’s capabilities and applicability. NASA’s goal
by 2012 is to optimization ecosystem monitoring and assessment, prediction of ecosystem response to cli-
mate variability and change, and to produce high resolution eco-hydrological models that respond to climate
variability and change.

Remote Sensing and GIS technologies as
part of a hydrologic management toolbox

SOME KEY SYSTEMS and USES
All Sensors
— Surface change detection
» Multispectral Scanner, or Hyperspectral Scanner

— Analysis of imagery spectral signatures for mapping and
surface delineation

* LIDAR and RADAR
— Surface elevation measurements
— Surface elevation change
— Water surface determination

At CREATE we view Remote Sensing and GIS technologies as part of a hydrologic management toolbox
which includes both satellite and surface based data acquisition systems. Our integrated approach will allow
New Mexico to better manage the scarce hydrologic resource and improve our response to seasonal to de-
cadal length drought events.
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In summary, remote sensing of snow cover, hydrologic characteristics, topography, land cover, evapotranspi-
ration and soil moisture distribution can provide valuable information for hydrologic management. However,
to plan effectively and to respond to changing conditions, water managers need current and cost-effective
information.

The goal of CREATE is to the expand the utility of these remotely-sensed products for improving the predic-
tive reliability of hydrological models and management tools in a real-time framework. The CREATE project
has the ability to provide information for these models and tools in near real-time to a wide range of users

throughout New Mexico. We look forward to application of our capabilities and products to more effectively

Some Concluding Points

« To plan effectively, managers need current and cost-effective information

* Remote sensing of snow cover, hydrologic characteristics, topography,
land cover, evapotranspiration and soil moisture distribution can provide
valuable information for hydrologic management

* New techniques and products are being developed to exploit the
capabilities of remote sensing and to provide the required high resolution
data sets

* The goal of CREATE is to the expand the utility of these remotely-
sensed products for improving the predictive reliability of hydrological
models and management tools in a real time framework

* The CREATE project has the ability to provide information for these
models and tools in near real time to a wide range of users throughout
New Mexico

utilize one of New Mexico’s most valuable and critical resources.
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