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Executive Summary

The NASA Soil Moisture Active and Passive (SMAP) mission aims to provide global soil moisture and
freeze-thaw measurements from space using a combination of low-frequency microwave (L-band) radar
and radiometry. The high accuracy, spatial resolution, and global coverage of the planned soil moisture
and freeze/thaw products from SMAP will be invaluable across many science and applications
disciplines, including water cycle science, carbon cycle science, climate science, and ecology.

With regard to applications, the primary goal of the SMAP mission is to engage SMAP end users and
build broad support for SMAP applications through a transparent and inclusive process. Toward this goal,
the SMAP mission formed an open-community SMAP Applications Working Group (ApplWG) and held
the first SMAP Applications Workshop on September 9—10, 2009, at the National Oceanic and
Atmospheric Administration (NOAA) in Silver Spring, Maryland. Presentations and discussions at the
workshop provide a basis for developing a SMAP Applications Plan, including an implementation
roadmap and a preliminary list of likely and potential mission applications.

Implementation of the SMAP Applications Plan will be based on how the SMAP mission can assist the
ApplWG and, conversely, what the SMAP mission expects from the App]WG. For the former, the SMAP
mission is taking a number of steps to increase collaboration with the broadest possible applications
community and enable product leveraging by making SMAP data products easily accessible. These steps
include implementing open access to SMAP data products, making SMAP products available with the
shortest possible latencies (within budgetary constraints), establishing a group of applications early
adopters, cooperating on NASA Applied Sciences Program (ASP) solicitations, engaging end users in
pre- and post-launch calibration and validation activities, and making value-added products generated
during pre-launch observing system experiments available for application development. The SMAP
mission has in-kind expectations for the ApplWG related to SMAP application development and feedback
to the SMAP mission.

The engagement of the ApplWG at the SMAP Applications Workshop produced the first detailed
summary of SMAP applications and a compilation of the SMAP practicing and potential end users, early
adopters, and the broad science community that can be tapped to build support for SMAP applications.
This led to dozens of follow-up contacts that should be made in the short term and a prioritization of
SMAP Applications Plan implementation tasks. In addition to tasks already underway (related to data
access and latencies), high priority tasks for SMAP are to appoint a SMAP applications coordinator and
implement a process for determining and engaging SMAP early adopters. Other tasks include working
with the SMAP community of support to target more international applications and making a concerted
effort to promote “potential” applications to the list of “likely” applications.

At the workshop, the ApplWG emphasized the benefits of coordinating the applications plans of all
NASA Decadal Survey missions. It was suggested that NASA Headquarters promote Applications
Readiness Levels (ARL; similar to existing Technology Readiness Levels [TRL]) and help develop
metrics for application success across all Decadal Survey missions.

The SMAP mission is committed to the dual role—science and applications—defined by the NRC
Decadal Survey. Through this first and through the successive Applications Workshops, the SMAP
mission has and will continue to be listening, learning, and striving to be of maximum value to
applications. A second Applications Workshop is planned for September 2010 to report progress on
development of the Applications Plan, expand the applications community, and receive feedback on how
best to engage and promote SMAP applications.



1. Introduction

The NASA Earth Science Division has made a commitment to “discover and demonstrate applications
that inform resource management, policy development and decision making” (NASA Earth Science
Division Applied Sciences Program, Program Strategy, 2010-2015). The NASA mission teams have the
opportunity to take a lead role in meeting this challenge. A primary goal of the SMAP mission is to
engage SMAP end users and build broad support for SMAP applications through a transparent and
inclusive process.

Toward this goal, the SMAP mission formed an open-community SMAP Applications Working Group
(ApplWG) with over 150 members (http://smap.jpl.nasa.gov/science/applicWG). The ApplWG held the
first SMAP Applications Workshop on September 9—10, 2009, at the National Oceanic and Atmospheric
Administration (NOAA) in Silver Spring, Maryland. Workshop attendees represented state and federal
agencies, operational centers focused on natural hazards and disasters, international organizations, and
academia. Introductory speakers from NOAA, US Geological Survey (USGS), US Department of
Agriculture (USDA), Environment Canada, and US Department of Defense (DoD) addressed applications
that included floods and droughts, early famine warning, crop assessments, human health, and defense.
Examples of these applications are shown in Figure 1. The rest of the workshop was dedicated to breakout
groups tasked with generating the basis for development of a SMAP Applications Plan. Presentations and
posters from the workshop can be accessed at http://smap.jpl.nasa.gov/science/workshops.

The SMAP Applications Plan will be designed to:

1) Develop a community of end users and decision makers that understand SMAP capabilities and are
interested in using SMAP products in their applications (termed SMAP community of practice);

2) Identify from within the SMAP community of practice several early adopters who will partner with
the SMAP data producers to optimize applications usage of SMAP products, including during the
pre-launch phase as part of SMAP algorithm testbed activities and calibration/validation planning
(termed SMAP community of early adopters);

3) Reach out to end users who are unfamiliar with SMAP capabilities but have the potential to benefit
from SMAP products in their applications (termed SMAP community of potential);

4) Provide information about SMAP applications to the broad science community to build support for
SMAP applications (termed SMAP community of support); and

5) Facilitate feedback between these SMAP application communities, the SMAP science definition team
(SDT), and the SMAP project office (termed SMAP mission).

The SMAP Applications Plan will be a living document that will be updated regularly in the context of
SMAP science requirements and input from the SMAP Applications Working Group. This Report of the
1st SMAP Applications Workshop is organized as follows: The background for defining SMAP
applications and designing SMAP products is presented in Section 2. An implementation approach for
identifying and engaging the SMAP communities of practice, potential, and support is presented in
Section 3. Section 4 provides a summary of the workshop discussions, with an extensive list of
applications and contacts (see also Appendices II and III). The report concludes with short-term actions
needed to expand and accelerate SMAP applications and long-term ideas for coordination of such efforts
across all Decadal Survey missions (Section 5). Acronyms are defined in Appendix IV.
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EXAMPLE: AGRICULTURAL DROUGHT

Agricultural drought represents a major source of inter-annual variability in regional agricultural productivity. Currently, drought
impacts on productivity trends are captured via soil water balance models forced with available global precipitation data
products. Unfortunately, such products are prone to errors, which frequently degrade the quality of modeled soil moisture
products. Using a data denial framework, Bolten et al. [2009] examined the potential of currently available, remotely sensed soil
moisture data products to enhance root-zone (top 1 meter) soil moisture products obtained by forcing a water balance model
with real-time, satellite-based precipitation information. Their evaluation strategy was based on three separate model runs for the
contiguous United States: a “truth” simulation forced with a high-quality respective precipitation data set obtained from a rain
gauge analysis; an “open loop” run obtained using a real-time satellite-based precipitation product; and a “data assimilation” run
in which surface soil moisture retrievals were assimilated into the open loop run. Results in the figure indicate the relative
improvement (measured via the root-mean-square-error fit to the truth simulation) in root-zone soil moisture retrievals between
the “open loop” and “data assimilation” runs. As seen in the figure, the inclusion of soil moisture information has a consistently
positive impact on the characterization of root-zone soil moisture variations. Given the substantial improvement in both resolution
and accuracy expected, relative to the currently available products used here, even larger amounts of added value are expected
to accompany the assimilation of SMAP data products.
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EXAMPLE: NUMERICAL WEATHER PREDICTION

Soil moisture is a very important variable in numerical weather prediction systems. Because of its influence on evaporation
and on the partition of available energy at the surface, soil moisture is one of the factors controlling the evolution of the
daytime atmospheric boundary layer. For drier soils, cooling caused by evaporation is generally limited, leading to
increased warming and mixing in the atmospheric boundary layer (and vice-versa for humid soils). This directly affects
near-surface air characteristics (i.e., air temperature and humidity) as well as pollutant concentration near the surface.
Through this impact on the boundary layer, soil moisture plays a major role in the production of clouds and precipitation.

This figure illustrates an objective evaluation of the impact of improved surface fluxes on numerical weather predictions,
obtained in the context of a 2001 operational implementation of a new land surface scheme with improved soil moisture
initial conditions in the Canadian Meteorological Centre short-range regional forecasting system (Bélair et al. 2003). Root-
mean-square errors (solid) and biases (dash) for 48-h predictions of air temperature are shown in the left panel. Biases for
24-48h precipitation accumulations are shown in the right panel. The control (magenta lines) and the new system with
improved land surface scheme and soil moisture initial conditions (black lines) are compared against radiosondes (for air
temperature) and surface observations (for precipitation), for a series of 48 cases.

Figure 1. Representative examples of data-denial experiments conducted by early adopters,
illustrating the added value of remotely sensed soil moisture for specific applications.



2. Background

2.1. NRC Decadal Survey for Earth Science and Applications from Space

The report of the National Research Council's (NRC) Decadal Survey, "Earth Science and Applications
from Space: National Imperatives for the Next Decade and Beyond," was released in 2007 after a two-
year study commissioned by NASA, NOAA, and USGS to provide consensus recommendations to guide
the agencies’ space-based Earth observation programs in the coming decade. Over one hundred mission
concepts with associated scientific justifications were submitted by the Earth science community and
considered within the NRC panels. Many factors involving scientific advances and societal benefits were
considered in the process. In the end, fifteen missions were ranked as top priority and presented in three
tiers corresponding to different time periods in the coming decade. SMAP was in the top tier and was
selected by NASA for development in 2008.

The Decadal Survey report underscores a desire for a stronger connection between Earth science missions
and applications user communities. Specifically, it states “...addressing the environmental challenges will
not be possible without increased collaboration between Earth scientists and researchers in other
disciplines including the social, behavioral, and economic sciences, and policy experts. It is necessary
now to build on the paradigm of Earth system science and strengthen its dual role—science and
applications. This duality has always been an element of Earth science, but it must be leveraged more
effectively than in the past....”

NASA recognizes that planned SMAP data products have high applications value as well as high science
value. The high accuracy, spatial resolution, and global coverage of the planned soil moisture and
freeze/thaw products from SMAP will be invaluable across many science and applications disciplines,
including water cycle science, carbon cycle science, climate science and ecology.

SMAP aims to provide soil moisture and freeze-thaw measurements globally from space. Using a
combination of low frequency microwave (L-band) radar and radiometry, SMAP will provide soil
moisture and surface freeze-thaw measurements with unprecedented spatial resolution and accuracy. A
primary objective of SMAP is to demonstrate this measurement capability on a research and operational
demonstration basis so that it can be used for a future operational monitoring system. However, first-of-a-
kind measurements such as these entail a degree of developmental and operational risk. For these reasons,
and consistent with NASA’s agency role, SMAP is a developmental mission, not an operational mission.

2.2. SMAP Measurement Objectives and Requirements

The NRC committee on Earth Science and Applications from Space was composed of six panels. Each
panel provided an individual report as well as contributions to the common sections. The panels were
organized by discipline and charged with identifying priority science and applications within their
disciplines. Of the six panels, five explicitly cited applications within their discipline areas that would
benefit from SMAP data. Table 1 lists these five discipline panels and the priority applications cited that
would utilize SMAP data products. The sixth panel was Solid Earth.

The SMAP Science Definition Team (SDT) developed five objectives for the mission that span the
primary science and applications of soil moisture and freeze/thaw measurements. The five objectives are:

1) Understand processes that link the terrestrial water, energy, and carbon cycles;
2) Estimate global water and energy fluxes at the land surface;

3) Quantify net carbon flux in boreal landscapes;

4) Enhance weather and climate forecast skill; and

5) Develop improved flood prediction and drought monitoring capability.



In order to define the measurement approach and requirements for SMAP (spatial resolution, refresh rate,
accuracy, latency, etc.), the SDT further refined these objectives and identified specific applications (e.g.,
models, decision-support systems, etc.) for each of them. These are listed in Table 2 and link to the
Decadal Survey priority applications areas of Table 1.

The specific applications listed in Table 2 have different sets of requirements for resolution, refresh rate,
accuracy, and other attributes. In order to derive an overall set of requirements for the SMAP mission and
instrument design, the applications were grouped into three requirements categories:

(1) Hydrometeorology and (2) Hydroclimatology, driven primarily by soil moisture; and (3) Boreal
Carbon Cycle, driven primarily by freeze/thaw. A well-defined set of requirements can be derived for
each of the three categories. The requirements for each category either meet or exceed the individual
requirements of its constitutive applications.

The spatial resolution requirement for the hydrometeorology soil moisture data product is determined
primarily by: (1) scales at which the surface and atmosphere interact through surface fluxes and the
planetary boundary layer, (2) anticipated grid scales of numerical weather prediction (NWP) models
during the SMAP time-horizon, and (3) grid scales for hydrologic forecast models for streamflow and
flash flood forecasting. The remaining applications are implicitly included in each of these considerations.

Table 1. Decadal Survey Applications by Panel Cited for SMAP

Decadal Survey Panels | Cited SMAP Applications |

1. Water Resources and Hydrological Cycle | « Floods and Drought Forecasts
o Available Water Resources Assessment
e Link Terrestrial Water, Energy and Carbon Cycles

2. Climate and e Longer-Term and More Reliable Atmospheric Forecasts
3. Weather
4. Human Health and Security e Heat Stress and Drought

e Vector-borne and Water-Borne Infectious Disease
5. Land-Use, Ecosystems, and Biodiversity | ¢« Ecosystem Response (Variability and Change)

e Agricultural and Ecosystem Productivity

e  Wild-Fires

e Mineral Dust Production

Table 2. Applications Associated with Decadal Survey Priorities for SMAP Data

Decadal Survey ‘

Objective Specific Application Science Requirement
Weather Forecast Initialization of Numerical Weather Prediction (NWP) Hydrometeorology
Boundary and Initial Conditions for Seasonal Climate
Prediction Models
Climate Predicti Hydroclimatol
tmate Frediction Testing Land Surface Models in General Circulation yarocimatology
Models

Seasonal Precipitation Prediction

Drought and Agriculture

Monitoring Regional Drought Monitoring Hydroclimatology
Crop Outlook
River Forecast Model Initialization
Flood Forecast Flash Flood Guidance (FFG) Hydrometeorology
NWP Initialization for Precipitation Forecast
Seasonal Heat Stress Outlook Hydroclimatology
Human Health N?ar-Term Air Temperature and Heat Stress Forecast Hydrom.eteorology
Disease Vector Seasonal Outlook Hydroclimatology
Disease Vector Near-Term Forecast (NWP) Hydrometeorology
Boreal Carbon Freeze/Thaw Date Carbon Cycle




The spatial resolution requirement for the hydrometeorology soil moisture data product is determined
primarily by: (1) scales at which the surface and atmosphere interact through surface fluxes and the
planetary boundary layer, (2) anticipated grid scales of numerical weather prediction (NWP) models
during the SMAP time-horizon, and (3) grid scales for hydrologic forecast models for streamflow and
flash flood forecasting. The remaining applications are implicitly included in each of these considerations.

Currently, numerical weather prediction within the US National Weather Service (NWS), the primary
target user, employs a 12-km model grid in its highest-resolution mode over the contiguous United States
(CONUN). It is anticipated that in the coming decade a 4-km model grid will be implemented over
CONUS. The National Weather Service (NWS) River Forecast System for streamflow is implemented at
several thousand forecast locations, depending on how proximity to stage gauges and development of
semi-distributed hydrologic modeling are counted. Over CONUS, this leads to an average resolution scale
of between 40 and 80 km for predictions made by a specific forecast location. NWS Flash Flood
Guidance (FFG) products are produced on a county by county basis. Given that there are 3077 counties in
CONUS, the average entry in the current FFG corresponds to a 50-km resolution scale. To provide added
value to hydrologic applications, remotely sensed soil moisture information should resolve land surface
heterogeneity at length scales finer than current model-based forecasting.

Grouping together the above spatial scale considerations for hydrometeorology, the 10-km scale emerges
as a soil moisture spatial resolution requirement that satisfies most of the applications. This requirement is
unique for SMAP in that it is an improvement on current and forthcoming capabilities defined for the
AMSR-E, SMOS, and MIS sensors, as well as others planned for operation prior to the anticipated launch
of SMAP. These sensors provide relatively coarse resolution soil moisture (40 to 60 km) and do not
enable the hydrometeorology applications cited here. In order to enable the hydrometeorology
applications, and to provide value above other current and planned missions, the 10-km requirement must
be met by SMAP for both its baseline and minimum missions.

The second important attribute for hydrometeorology applications is the temporal revisit, or data refresh
rate. The requirement for this attribute is controlled by the arrival rate of individual storm events and the
dry-down rate of surface soil moisture. To adequately capture the temporal variability of soil moisture
under most circumstances, a three-day refresh rate is required. To account for seasonal and geographical
differences in precipitation patterns, a two- to three-day refresh rate is ideal.

The soil moisture spatial resolution and temporal refresh rate requirements for hydroclimatology
applications are derived from the data requirements of climate models used for seasonal prediction and
global change studies. The spatial resolution requirement is driven by the resolution of these models. The
models are commonly implemented on grid scales of about 2 degrees latitude and longitude (lat-lon),
although some limited higher resolution cases do exist. With enhanced computational capabilities, this
resolution could increase to 0.5 degrees lat-lon (corresponding to two orders of magnitude more
computational demand) prior to the SMAP launch. In mid-latitudes, 0.5 degrees longitude corresponds to
about 50 km. This anticipated high-resolution climate requirement can be considered the baseline. A
minimum spatial resolution requirement can be considered to be the grid scale of current high-resolution
climate models, or about 100 km.

The temporal refresh rate requirement of soil moisture information for hydroclimatology applications is
not governed by storms as it is for hydrometeorology applications. It is governed primarily by the time
scale of climate anomalies that can persist for weeks to months. Since the revisit requirement for
hydrometeorology is more rigorous, the hydroclimatology soil moisture requirement does not drive the
SMAP orbit and swath design.

The spatial resolution of SMAP freeze/thaw measurements should be sufficient to capture the freeze/thaw
constraints on boreal-arctic carbon fluxes and allow characterization of surface processes at a scale
commensurate with the measurement footprint of stand-level tower eddy covariance based carbon flux
measurements. Spatial heterogeneity in freeze/thaw transitions has been assessed from a resolution



degradation exercise using an ERS C-band-radar-backscatter-based freeze/thaw classification time series.
Classification error increases rapidly as the resolution approaches the scale of landscape freeze/thaw
spatial heterogeneity. The results show maximum classification error of approximately 20% at 3-km
resolution, which degrades to ~30% at 10-km resolution. The freeze/thaw temporal refresh requirement is
defined relative to an assumed 100-day growing season representative of boreal and tundra ecosystems.
An estimated two-day temporal accuracy of the freeze/thaw measurement is sufficient to resolve temporal
variations in NPP and net CO2 exchange to within 3% (of annual NPP) or 5 g C m™.

Based on the hydrometeorology, hydroclimatology, and carbon cycle science and applications
requirements, the SMAP baseline and minimum mission requirements have been defined (Table 3). The
baseline mission requirements are the starting point for the Science Traceability Matrix (STM), shown in
Table 4, which provides the flow down to the SMAP instrument and mission functional requirements. In
the first column of the STM, the major science application areas are listed. These constitute the five
science objectives of SMAP. The second column consists of the science measurement requirements
derived from these objectives. The instrument and mission functional requirements to achieve the science
requirements are summarized in the last two columns of the SMAP STM.

Table 3. SMAP Baseline and Minimum Mission Requirements

Baseline Mission

Provide estimates of soil moisture in the
top 5 cm of soil with an accuracy of 4%
volumetric at 10 km resolution and 3-day
average intervals

Soil Moisture
Measurement

Minimum Mission

Provide estimates of soil moisture in the
top 5 cm of soil with an accuracy of 6%
volumetric at 10 km resolution and 3-day
average intervals

Freeze/Thaw
Measurement

Provide estimates of surface binary
transitions in the region north of 45N with
a classification accuracy of 80% at 3 km
resolution and 2-day average intervals

Provide estimates of surface binary
transitions in region north of 45N with a
classification accuracy of 70% at 10 km
resolution and 3-day average intervals

Mission Duration

At least 3 years

At least 2 years




Science Objectives

Table 4. SMAP Science Traceability Matrix

Scientific Measurement
Requirements

Instrument Functional

Requirements

Mission Functional
Requirements

Understand processes
that link the terrestrial
water, energy, and
carbon cycles.

Estimate global water
and energy fluxes at
the land surface.

Quantify net carbon
flux in boreal
landscapes.

Enhance weather and
climate forecast skill.

Develop improved
flood prediction and
drought monitoring
capability.

Soil Moisture

~4% volumetric accuracy in
top 5 cm for vegetation water
content < 5 kg m-2;
Hydrometeorology at 10 km;
Hydroclimatology at 40 km

L-Band Radiometer
Polarization: V, H, U;
Resolution: 40 km;
Relative accuracy*: 1.5 K
L-Band Radar
Polarization: VV, HH, HV;
Resolution: 10 km;
Relative accuracy*: 0.5 dB
for VV and HH

Constant incidence anglet
between 35° and 50°

Freeze/Thaw State

Capture freeze/thaw state
transitions in the integrated
vegetation-soil continuum
with two-day precision, at the
spatial scale of landscape
variability (3 km).

L-Band Radar
Polarization: HH;
Resolution: 3 km;
Relative accuracy*: 0.7 dB
(1 dB per channel if 2
channels are used);
Constant incidence anglet
between 35° and 50°

DAAC data archiving
and distribution

Field validation
program

Integration of data
products into
multisource land
data assimilation

Sample diurnal cycle at
consistent time of day
Global, 3-4 day revisit;
Boreal, 2 day revisit

Swath Width: 1000 km

Minimize Faraday rotation

(degradation factor at L-
band)

Orbit 680 km,
circular, polar, sun-
synchronous, ~6
am/pm equator
crossing

Observation over a minimum
of three annual cycles

Minimum three-year
mission life

Three-year baseline
mission#

* Includes precision and calibration stability and antenna effects

+ Defined without regard to local topographic variation
i Starting from completion of a 90-day post-launch observatory check-out

2.3. SMAP Data Products

SMAP data products are designed to meet the science and applications objectives and requirements of the
mission. The baseline SMAP data products and their average latencies as committed to by the project are
listed in Table 5. Average latencies are defined as mean times (averaged over the mission) under normal
operating conditions, from time of acquisition on board the spacecraft to availability for access by users.
The average latencies include significant margins to accommodate missed passes, transmission and
processing problems, and other anomalous operating conditions. The SMAP project will make a best
effort (within resources allocated by NASA) to reduce the average data latencies beyond those shown in
Table 5. Nominal expected upper- and lower-bound latencies are discussed later in this section and shown
in Table 6.

The definitions of data levels used by SMAP are consistent with NASA Earth Observing System (EOS)
conventions. Level 1 products are swath instrument data. Level 2 products are retrieved geophysical data
stored as half-orbit granules. Level 3 products are geophysical data composited daily onto global grids,
separately for ascending and descending passes. The SMAP mission will also provide Level 4 products
generated by land data assimilation systems that integrate the Level 1, 2, or 3 data with models to produce
value-added products.



Consistent with NASA’s established Level 1 requirements for the SMAP mission, SMAP’s initial
implementation plan has the following policy regarding data latency for operational users:

The SMAP Project encourages the use of its data products by all scientific, operational and
applications communities. Applications development and application-specific data flow provisions
(such as near real-time data delivery) that require deviation from capability required to meet the
science mission requirements will not be implemented under direct (NASA) Project funds. In the event
such capability is required, the Project will work on a cost reimbursable basis to accommodate the
additional capability or functionality.

The timeline for validated SMAP data product availability is shown in Figure 2. Current plans are for the
SMAP observatory to complete an in-orbit checkout (IOC) period within 90 days after launch and then
operate beyond the end of the IOC for a science mission duration of three years.

Following the IOC period, the project will complete an initial calibration and validation (Cal/Val) of the
data products within six months for Level 1 products and twelve months for Levels 2, 3 and 4. When the
Cal/Val campaigns are complete, the data acquired during each of these campaigns will be reprocessed to
ensure data product consistency. At the conclusion of each product’s Cal/Val period, calibrated and
validated data from that period will be made available for public release through a NASA-designated
archive (DAAC), and newly acquired data products will be released on a routine basis with the latency
shown in Table 5. During the Cal/Val period early releases of data products through the DAAC will
occur. These will have designations of "beta" or "provisional" to indicate that these products have not yet
been fully validated. A final, long-term archival data set, generated using a consistent suite of algorithms,
will be delivered to the public archive (DAAC) within six months after the end of the mission.

Science data will be downlinked from the flight system according to ground station visibility and
availability. Downlink opportunities will range from once an orbit to once every few orbits. Once data are
downlinked to the ground, they will be dispatched to the SMAP Science Data Processing Center, queued
for processing, processed (with priority given to oldest data in the queue), and delivered to the DAAC.
Data transfer, processing, and delivery to the DAAC are planned to be automated to reduce data latencies.

The SMAP project has committed to deliver data products to the DAAC with average latencies shown in
Table 5 during nominal mission operations. However, the project expects that data products will
nominally be available with shorter latencies than the aforementioned commitments. Current best-
estimate average and high-end latencies are summarized in Table 6. Data flows will be interrupted in the
event of an on-orbit or ground-system anomaly. The latencies shown in Table 6 are provisional and will
be updated as additional studies are preformed during Phase B of the mission.



Table 5. SMAP Data Products and Average Data Latencies™

Spatial Average

Data Product Description \ Resolution Latency
L1A_Radar Level 1A Radar Raw Data, time ordered N/A 12 hours
L1B_SO_LoRes Level 1B Low Resolution Radar o¢, time 5x30 km 12 hours

ordered

L1C_SO_HiRes Level 1C High Resolution Radar o, gridded 1-3 km 12 hours
L1A_Radiometer Level 1A Radiometer Raw Data, time ordered N/A 12 hours
L1B_TB Level 1B Radiometer T, time ordered 40 km 12 hours
L1C_TB Level 1C Radiometer T, gridded 40 km 12 hours
L2_SM_A* Level 2 Soil Moisture (active) 3 km 24 hours
L2_SM_P Level 2 Soil Moisture (passive) 40 km 24 hours
L2_SM_A/P Level 2 Soil Moisture (active/passive) 10 km 24 hours
L3_F/T_A Level 3 Freeze/Thaw State (active) 3 km 36 hours
L3_SM_At Level 3 Soil Moisture (active) 3 km 36 hours
L3_SM_P Level 3 Soil Moisture (passive) 40 km 36 hours
L3_SM_A/P Level 3 Soil Moisture (active/passive) 10 km 36 hours
L4_SM Level 4 Soil Moisture (surface and root zone) 10 km 7 days
L4 _C Level 4 Carbon Net Ecosystem Exchange 10 km 14 days

* Average latency is defined as the mean time under normal operating conditions between data acquisition on board the
spacecraft and availability for access by users
T Research products (not Level 1 science requirement deliverables)

¥ Lo

In-orbit checkout (3 months)

Formal start of SMAP science mission

|
Level 1 data product calibration and validation (6 months)
I |
Initial delivery of validated level 1 callval data set to DAAC;
Start routine delivery of ongoing validated level 1 data products
|

Levels 2-4 data product calibration and validation (12 months)

Initial delivery of validated levels 2-4 calival data sets to DAAC;
Start routine delivery of ongoing validated levels 2-4 data products

Figure 2. Timeline for Validated SMAP Data Product Availability after Launch
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Table 6. Current Best-Estimate Average and High-End Data Latencies for SMAP
Level 1 to Level 3 Data Products

Time Delay Categories \ Average High End R((ég:i:gl;l:)nt

Data observation to downlink 2.5 6.2 4*
Transfer from ground station 1 2 %
through EDOS to JPL

L1 processing 1.5 2.5 2*
Total L1 latency 5 10.7 12
L2 processing 2 4 2*
Total L2 latency 7 14.7 24
Total L3 latency 32 40 36

* Mission system allocation

3. Implementation

Development and implementation of the SMAP Applications Plan will be based on how the SMAP
mission can assist the SMAP ApplWG and, conversely, what the SMAP mission expects from the SMAP
ApplWG.

3.1. What the SMAP Mission can Offer the SMAP ApplWG

This report introduces a plan to engage SMAP end users and build broad support for SMAP applications.
Though NASA’s current budget does not support mission enhancements or products tailored specifically
for applications needs beyond those required for SMAP’s primary science objectives (Table 4), the
SMAP mission is taking steps to increase collaboration and enable more effective leveraging by the
broadest possible science and applications communities who might take advantage of the SMAP data set.

These steps include:

1) Implementing open access to planned SMAP data products via a to-be-defined NASA distributed
active archive center (DAAC).

2) Making available instrument and geophysical retrieval products with moderate latencies of 12 and 24
hours (the SMAP project will make a best effort to further reduce these latencies; Table 5).

3) Establishing a community of early adopters within the community of practice that will have access to
SMAP pre- and post-launch testbed data streams and conduct applications demonstrations in
collaboration with the science team; the early adopter selection process may be through a competitive,
peer-reviewed NASA announcement of opportunity as was done for the science definition team.

4) Steering end users to NASA Applied Sciences Program (ASP) solicitations with potential
opportunities for SMAP product application.

5) Engaging end users in SMAP pre- and post-launch Cal/Val activities and providing access to aircraft
and ground data generated in Cal/Val field campaigns.

6) Providing access where possible to simulated SMAP data products generated pre-launch by algorithm
and observing system simulation experiments conducted on the SMAP algorithm testbed.

7) Using the SMAP testbed to develop value-added products in the simulation environment for general
distribution.
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To facilitate implementation of these steps, the SMAP mission plans to appoint a SMAP applications
coordinator (SAC) to serve as a liaison between the SMAP project and government agencies and identify
applications that could use SMAP data products for testing and/or operation. The SAC will engage with
agencies to define data attributes that would best facilitate the entrainment of SMAP data products within
operational frameworks. We envision that this relationship with relevant agencies will foster case-
examples and demonstrations of the operational uses of SMAP data sets (e.g., the data denial studies
highlighted in Section 1). The SAC will also work with SMAP scientists to refine mission data products
in order to best meet application needs.

3.2. What the SMAP Mission Expects from the SMAP ApplWG

The SMAP ApplWG is an inclusive group that accepts members through registration on the SMAP
website at http://smap.jpl.nasa.gov/science/applicWG (follow the instructions for “Working Group Sign-
Up”). Two key roles for members of the SMAP ApplWG are: (1) SMAP application development, and
(2) feedback to the SMAP mission. Both roles are facilitated by partnering with SMAP science definition
team members (http://smap.jpl.nasa.gov/science/team) and communicating with the SAC. The community
of support (defined in the Introduction) will assist the SMAP mission in conducting the preliminary
scientific research required to promote the use of SMAP data products in previously identified
applications and demonstrate the potential use of SMAP in new applications. Whenever possible, this
research should be conducted with the goal of refining our current understanding of science and
application requirements for SMAP data products and feeding this information back to the SMAP mission
via the SMAP ApplWG.

The ApplWG will also play a role in the design of SMAP calibration and validation (Cal/Val) activities.
Tasks will include guiding the selection of field campaign sites and providing applications-related input to
the design of field campaigns. In doing so, the ApplWG should attempt to maximize the relevance of
Cal/Val activities for particular applications. The ApplWG can also provide a forum for publicizing
planned field campaigns and attracting more involvement from groups interested in SMAP applications.

Any special data or assistance requests beyond the opportunities listed may require a white paper on the
SMAP application that would include: (1) an application description; (2) data currently used; (3) desired
SMAP product; (4) key people; (5) ancillary data needs (longer records, review internal data and products
for use); (6) desire for simulated data products and field experiment demonstration; (7) potential
implementation strategy; (8) next steps (deadlines/timelines); (9) how to integrate into future projects; and
(10) product output format. This would assist the SMAP project in determining the magnitude of the
effort required and the return on staff investment.

3.3. Performance Metrics

A question remains: How will we know if our applications plan is a success? According to Kaupp and
Hutchinson (2009), common quantitative measures of performance in Earth science applications
programs include

e Number of publications,
e Number of web hits, and
e Number of users of products or sustained demand;

and qualitative measures may include

o functioning, long-term projects,

milestones met,

movement of science (and SMAP products) into routine operations,
oversight panel/stakeholder reviews,

increasing non-core funding, and

Congressional support.
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Considering that additional research will be required to cross the abyss between SMAP products and
operational applications, the number of publications related to SMAP applications may be a reasonable
quantitative metric, along with a count of sustained and active participation in the SMAP ApplWG. A
functioning and funded group of early adopters should produce qualitative metrics related to long-term
projects, milestones completion, and movement of SMAP products into routine operations. The annual
SMAP Applications Workshops should provide the inclusive and transparent oversight of the SMAP
Applications Plan implementation as well as plan revisions in keeping with a living document.

4. First Engagement—Workshop Results from September 9-10, 2009

The SMAP Applications Working Group (ApplWG) held the 1 SMAP Applications Workshop
September 9-10, 2009, at the National Oceanic and Atmospheric Administration (NOAA) in Silver
Spring, Maryland. The workshop began with a series of presentations by NOAA leadership and the
SMAP mission to give an overview of SMAP to the workshop. These were followed by presentations by
the SMAP community of practice covering applications in the context of SMAP, including weather and
climate forecasting, flood monitoring, agricultural productivity, human health, national defense, and
ecological forecasting. Posters covered SMAP applications to insect infestation, landslide hazards,
precipitation retrieval, and more. These introductory presentations and posters are available at
http://smap.jpl.nasa.gov/science/workshops/.

Speakers emphasized the need to look to the future; the SMAP mission will be launched in 2015, and
applications and technology will change within the next five years. Even the missions of the agencies
involved in applications will change; for example, there is a new emphasis in DoD on responding to crises
and support development and reconstruction. Also, work conducted on applications pre-launch with
SMAP simulations will anticipate issues associated with known applications and potentially spawn new,
unknown applications. All speakers emphasized that applications will require cooperation across agencies
and across purposes. Speakers reminded the SMAP mission that product timeliness is as important as
product accuracy and that the development of applications requires specific attention to the decision
support interface (e.g., model or analyst-based) currently employed by each application. The speakers
also posed questions to the mission, asking about the potential for a follow-on mission and how to best
coordinate with other missions such as AMSR-E, SMOS, MIS, and existing in situ soil moisture networks
to potentially extend SMAP mission data sets into long-term data records.

The presentations were followed by small-group discussions in breakout sessions designed to provide
details about SMAP applications, contacts, and follow-up action items (Appendix II and III). The
breakout discussion also provided a preliminary list of the agencies and entities identified as members of
the SMAP communities of practice, potential, and support (Appendix V). A general summary of results
from these groups is presented in Table 7 in a format suggested for all Decadal Survey missions by
Andrea Donnellan, NASA Headquarters Applied Sciences Program (ASP). Each listed application is
color-coded based on whether it is a likely mission application (i.e., the community and procedures are
mature enough to ingest SMAP data and assess their value to the particular application) or whether it is a
potential mission application (i.e., the community interest is there but the procedures to use SMAP data
may be a bit immature). The role of SMAP data in supporting disaster management systems is also
addressed in the table.

The details in Appendix II and the summary in Table 7 are useful for identifying the most likely mission
applications (green) and the early adopters. These should be the focus of attention in the short term. The
potential mission applications (yellow) will require follow-up, as identified at the workshop and reported
in Appendices II and 111, as well as more funding to bring them to a maturity level sufficient to take
advantage of SMAP products.
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Table 7. SMAP Applications Identified at the 1st SMAP Applications Workshop
(details given in Appendix II)

SMAP POTENTIAL SMAP APPLICATIONS
MISSION Weather Natural Climate Agriculture & Human Health Ecology Water Ocean Insurance
OBIJECTIVES Disasters Variability & Forestry Resources Resources Sector
Change
More Drought early Extend Predictions of Landscape Carbon Global water Sea-ice
accurate warning climate agricultural epidemiology; source/sink balance; mapping for
weather decision prediction productivity; heat stress monitoring; estimates of navigation,
forecasts; support; key capability; famine early and drought y str low & pecially in
prediction of variable in Linkages warning; monitoring; forecasts; river coastal zones;
. . severe floods and between Monitoring insect monitoring discharge; temporal
Soil moisture rainfall; landslides; terrestrial agricultural infestation; vegetation more effective changes in
and freeze- operational operational water, drought emergency and water management; ocean salinity
thaw severe flood forecast; energy, and response relationships
information weather lake and river carbon cycles; plans over land
for water, forecasts; ice breakup; land /
energy and rr.m'b!I!ty and desertification atmosphere
visibility fluxes
carbon cycle
processes Fire Crop Monitoring Monitoring Ocean wind Crop
susceptibility; management wetlands variability of speed and insurance
global flood at the farm resources and water stored direction, programs;
mapping; scale; Input to bird migration in lakes, related to flood
heat-wave fuel loading reservoirs, hurricane insurance
forecasting models wetlands and monitoring programs;
river channels tourism and
recreation
SMAP POTENTIAL SMAP RELEVANCE TO DISASTER MANAGEMENT
MISSION Coastal Drought Flood Heat waves Human Health y Landslides & Wildfires Earthquakes,
OBIJECTIVES | Inundation Health Debris Flows tsunamis &
Volcanoes
Soil moisture Soil moisture Soil moisture Monitoring of Soil moisture No relevance
is a key is a key is a key vegetation is a key
variable; Early variable; variable in health & variable;
warning improved monitoring change; better
decision forecasts, vector ecosystem prediction
N . support; especially in population dynamics through
Soil moisture desertification medium to dynamics; consistent
and freeze- large decision observations
thaw watersheds; support for in
information flood malaria and mountainous
for water, mapping; other regions
energy and protect w.aterborne
downstream diseases
carbon cycle resources; soil
processes infiltration
conditions;
predict ice
breakup;
Maps of Early warning Monitoring Improved fuel
coastal decision wetlands and loading
inundation; support bird migration models,
Monitoring especially for
ocean winds non-heavily
for hurricane forested
monitoring areas

l:l = likely mission application

5. Conclusions

5.1. Workshop Follow-on Activities

I:I = potential mission application

Plans for the second engagement (slated for fall 2010 or early 2011) are to include the same group
attending the 1* Applications Workshop (Appendix I) and to extend to a larger community. Having the
2009 workshop at NOAA provided an exceptional opportunity to interact with key SMAP end users and
receive feedback from NOAA scientists and administrators. Similarly, the 2" SMAP Applications
Workshop in 2010 should be held at the location of a SMAP early adopter. Also, we found that NASA
Applied Sciences Program managers attending the workshop offered a great deal to the discussion of
applications. An invitation to NASA Earth Science Division directors, particularly the Applied Sciences
Program director, should be a standard protocol for annual SMAP Applications Workshops.
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In preparation for the 2" Applications Workshop, several steps must be taken in the short-term:

1)

2)

3)

4)

5)

Follow-up on contacts and action items resulting from 1% Applications Workshop breakout
discussions, highlighted in Appendices II and III. Complete these items and report on progress at the
2" Applications Workshop.

Ensure that all steps in Section 3.1 have been achieved. High priority items include appointing a
SMAP applications coordinator and implementing the process to determine and engage SMAP early
adopters.

Work with the community of support to include more international applications. Investigate the
feasibility of targeting international applications with the generation of simulated SMAP products for
Africa and Asia using the SMAP algorithm testbed and geophysical land states generated from the
NASA Land Information System (LIS).

Promote applications currently listed as “potential” in Table 7 and engage new applications through
efforts by SMAP SDT members and SMAP community of support. For this, develop a generic
presentation about SMAP applications (and possibly a SMAP applications fact sheet and poster) to
promote SMAP applications at technical meetings and workshops, e.g., the upcoming U.S. drought
monitoring meeting.

Work with the NASA Applied Sciences Program to determine performance metrics to list in the
SMAP Applications Plan.

5.2. Coordination with Other Decadal Survey Missions

A topic of discussion at the 1* SMAP Applications Workshop was coordination of applications for all
planned Decadal Survey missions (Table 8). Though this was not discussed in mission-by-mission detail,
some broad ideas were expressed. NASA missions have historically been tasked to meet Technology
Readiness Levels (TRL); is it possible to develop Applications Readiness Levels (ARL) across missions?
If so, how would NASA Headquarters handle implementation of ARL to ensure that applications are
ready to take advantage of mission products from Day 1? Alternatively, will NASA Headquarters develop
metrics for application success across all Decadal Survey missions? These unanswered questions should
stimulate a multi-mission dialogue led by the NASA Applied Sciences Program. In addition, other NASA
mission science team leaders should be invited to annual SMAP Applications Workshops.

5.3. Concluding Remarks

The SMAP Mission is committed to the dual role—science and applications—defined by the NRC
Decadal Survey and recently articulated by Dozier and Gail (2009). This is a new era in which this duality
will be addressed more effectively than in the past. Through the first and through the successive
Applications Workshops, the SMAP mission has and will continue to be listening, learning, and striving
to be of maximum value to applications. This effort extends beyond posters and websites to a two-way
conversation with end users and a genuine plan for implementation. This is an opportunity for SMAP to
set the standard for engaging applications and preparing to take advantage of products from Day 1 after
launch.
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Table 8. Missions Recommended to NASA by NRC Decadal Survey

Decadal Survey

Mission Mission Description

2010-2013

CLARREO Solar and Earth radiation; spectrally resolved forcing and response of the climate
system

SMAP Soil moisture and freeze-thaw for weather and water cycle processes

ICESat-11 Ice sheet height changes for climate change diagnosis

DESDynl Surface and ice sheet deformation for understanding natural hazards and climate;
vegetation structure for ecosystem health

2013-2016

HyspIRI Land surface composition for agriculture and mineral characterization; vegetation
types for ecosystem health

ASCENDS Day/night, all-latitude, all-season CO2 column integrals for climate emissions

SWOT Ocean, lake, and river water levels for ocean and inland water dynamics

GEO-CAPE Atmospheric gas columns for air quality forecasts; ocean color for coastal ecosystem
health and climate emissions

ACE Aerosol and cloud profiles for climate and water cycle; ocean color for open ocean
biogeochemistry

2016-2020

LIST Land surface topography for landslide hazards and water runoff

PATH High-frequency, all-weather temperature and humidity soundings for weather
forecasting and sea-surface temperature

GRACE-II High-temporal-resolution gravity fields for tracking large-scale water movement

SCLP Snow accumulation for freshwater availability

GACM Ozone and related gases for intercontinental air quality and stratospheric ozone layer
prediction

3D-Winds (Demo) Tropospheric winds for weather forecasting and pollution transport
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Appendix L. First SMAP Applications Workshop Attendees

Last Name
Ambrose
Bach, Jr
Bajpai
Barlage
Bauer
Belair
Bethel
Bicknell
Bindlish
Bolten
Bonnin
Brinker
Brown
Campbell
Carolyn
Case
Champagne
Clemente
Colliander
Cosgrove
Cosh
Crow
Dadamia
Davis

de Rosnay
Dobson
Dong
Donnellan
Doorn
Dutta

Ek
Engman
Entekhabi
Entin
Eylander
Habib
Haynes
Hermreck
Heymann
Houser
Hyon
Jackson
Jacobs

Jai
Johnson
Johnston
Joseph

First Name
Stephen
Walter
Shyam
Michael
Robert
Stephane
Glenn
Tom
Rajat
John
Geoff
Elisabeth
Molly
Brian
Vadnais
Kelley
Catherine
Laura
Andreas
Brian
Michael
Wade
Danilo
Robert
Patricia
Craig
Jiarui
Andrea
Bradley
Mitra
Michael
Ted
Dara
Jared
John
Shahid
John
David
Roger
Paul
Jason
Thomas
Jennifer
Ben
Joel
William
Alicia

Affiliation
NASA/GSFC
US/ARL/ARO
NOAA/NESDIS/OSD
NCAR
NASA/ESTO

EC

USDA
JPL/Caltech
USDA/ARS
NASA/GSFC
NOAA/NWS/OHD
NASA/GSFC
NASA/GSFC
NASA/GSFC
NOAA
JPL/Caltech
AgCanada
USACE/ERDC
JPL/Caltech
NOAA/NWS/OHD
USDA/ARS
USDA/ARS
CONAE
USACE/ERDC/CRREL
ECMWF
NASA/HQ
NOAA/NWS/NCEP/EMC
JPL/Caltech
NASA/HQ
NASA/HQ
NOAA/NWS/NCEP/EMC
NASA/GSFC

MIT

NASA/HQ

AFWA
NASA/GSFC
NASA/HQ
NOAA/NESDIS
NOAA/NESDIS
GMU

JPL/Caltech
USDA/ARS

UNH

JPL/Caltech

OSuU

USNRL
NASA/GSFC
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Last Name
Judge
Kellogg
Kim
Kimball
Kitzmiller
Koenig
Koster
Kumar
Kunickis
Kurum
Laymon
Leon
Levin

Li

Liu
Mahfouf
Mango
McDonald
Mcguire
McWilliams
Melo
Meng
Meng
Modlin
Moran
Moses
Nearing
Nemani
Newman
Njoku
ONeill
Palecki
Pereira
Peters-Lidard
Plunk
Podest
Reichle
Restrepo
Santanello
Savinell
Schneider
Schoenung
Senay
Sjoberg
Snyder
Tadesse
Temimi
Teng
Thibeault

First Name
Jasmeet
Kent

Ed

John
David
Lora
Randal
Sujay
Sheryl
Mehmet
Charles
Amanda
Maxine
Li
Jicheng
Jean-Frangois
Stephen
Kyle
James
Gary
Stella
Jesse
Huan
Norman
Susan
John
Grey
Ramakrishna
Tim

Eni
Peggy
Michael
John
Christa
Dorsey
Erika
Rolf
Pedro
Joseph
Chris
Stanley
Susan
Gabriel
Bill
Greg
Tsegaye
Marouane
William
Marc

Affiliation

UF

JPL/Caltech
NASA/GSFC

UM
NOAA/NWS/OHD
NASA/GSFC
NASA/GSFC
NASA/GSFC
USDA/NRCS
NASA/GSFEC
NASA/MSFC
NSIDC

USDA/NRCS
USNRL
NOAA/NESDIS/STAR
Météo-France/CNRM
NOAA/NESDIS/OSD
JPL/Caltech

NASA

NPOESS

CSA & EC
NOAA/NWS/NCEP/EMC
NOAA/NESDIS/STAR
NPOESS

USDA/ARS
NASA/GSFEC

UA

NASA/ARC

USGS

JPL/Caltech
NASA/GSFC
NOAA/NESDIS/NCDC/USCRN
NOAA/NESDIS
NASA/GSEC
USDA/NRCS
JPL/Caltech
NASA/GSFC
NOAA/NWS/OHD
NASA/GSFC
NASA/GSFC
NASA/GSFC

BAERI

USGS

NOAA/NWS

USGS

NDMC
NOAA/CREST
NASA/GES DISC
CONAE
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Last Name
Tischler
Toll
Tralli
Tran
Turk
Uccelini
Verdin
Vicente
Vollmer
Volz
Wang
Webb
Weng
Williams
Wu
Yang
Yilmaz
Yuen
Zhan
Zheng

First Name
Mike
David
David
John

Joe
Louis
James
Gilberto
Bruce
Stephen
Weile
Allan
Fuzhong
David
Wanru
Hu
Tugrul
Karen
Xiwu
Weizhong

Affiliation
USACE/ERDC/TEC
NASA/GSFC
JPL/Caltech
JPL/Caltech
JPL/Caltech
NOAA/NWS/NCEP
USGS

NOAA/NESDIS
NASA/GSFC
NASA/HQ
NASA/ARC

NPOESS
NOAA/NESDIS/STAR
USEPA
NOAA/NWS/OHD
NOAA/NESDIS/STAR
GMU

JPL/Caltech
NOAA/NESDIS/STAR
NOAA/NCEP/EMC

20



T¢

‘pue[ IOAO SUISUSS 9JOWAT
uo paseq uone)droard Jo sOJBWINSI Ul SI0LId SIONPAI AJAISSIUD JO 93 PO[MOU]
*KJAISSTUIO pue] JO 9Fpajmouy] SaInbar SI10}oUIOIPET IABMOIOTW ISYI0 PUB A D

woly pue| 1940 uoneldioaid Jo [easiney “winoads oy Jo uonIod SABMOIOIW
AN : : : AJTATISSTUID
. Kouonboly MO[-0U} UI AJIAISSIUIS JO UOTJBUITISO MO[[E S[OPOU PIJRIqI[Ed YIIm ST
100f01d INID DMILI VSVN VVON | poulquoo sjuswainseowr JyNS "pueq- Je jusredsuen A[reau st oroydsoune oy ooryIns pue| AJ100dg
NISHID
‘vdd
‘HIN uors1dsip
‘epeue) / Kenb e pue
1ppayn ABN ‘VV I reqn( ‘(Surpeoy sjosoioe pue
‘H :reqn( A ‘wy ‘ 210w pue YOS ‘SISN ¢
moSiwe, [ 7% &m/wm \mﬁmuozﬁD ﬁmoﬂwoaaﬂ ‘SOUN/VASN donoexd Jo Ayruntuurod yym (*930 ‘U0IS0I0 “§°0) UOTBAIOSUOD 151p) ANMqisia ‘Aypiqow
IPaLd T :SMN/VVON SHA SMN/VVON dod [10S pue JusWaSeURW $351n0sa1 pue] 0} parjdde 9q 0s[e P[NOd UOHBWLIOUT SIY ], punoI3 duIIdN_Q
(s1op0
PuB TINSN DAL/ADVSN
“TAII0/40VSN
ueyz ‘X :SIASAN ‘VMAYV “50) EBEME :Mm
YT W dION dVIAIS Ul pejsarojur Aouoge
JNOJyRIN QUo uey) 210w sapnjout *SBOIE [B)SBOD JBIU IojeM
J-[ :90UBII-091I pue o3[ A10A ST qO(T 910N IOAO SPUIM 90BJINS-IBSU JO SIsA[eue oAodwl 0) pasn 2q OS[e P[nod JVIAS WOy
Keusoy op "d AMINDA PN BJep Iepel uonnjosaI-ySIH "SUOHBINWIS JB)S MBY}/Z301) [OPOU S0BJINS PUE]
aepeg °S :Dq ¢ 9JEPI[EA JO/PUE JOILIOD 0} PASN 9q P[NOD JYIAS WOIJ SJUSWINSBIUW MEBY}/OZIIL,]
uojsuyor ‘M TINSN SIASAN/ %402 ‘Surxiur 194e] Arepunoq jo uonejuasardar 19319q y3noiyy ‘Surjopowr uorsiodsip
IO[YOSIL, ddON pue Ayijenb are 9ao1dwil 03 pasn 3q OS[E [[IM SUOHIPUOD SINISIOW [I0S JNSI[BAI
N DAL/ADVSN Q0UBIJ-09)9N A10]A “(Surpeo] josooe sudydsoune Jo uonoipaid Ajrenusjod pue ‘uoneuiIsse
SIAR(L ¢ ¢ eyep Jre-roddn yirm pue uonerpes s Sur[dnod 10§ SONSLIONOBILYD S0BYINS ‘SOXN)
g THNED/ADVSN . <QMUH Wﬂzh 20BJINS PUE[ JO JUSWAAOIAWI SOPNIOUL SIY [, "SUONOIpaid ISYJEam [BdLIWNU suonoIpaid 1oyeam
TopuelAq [ :VMAV AVON AMINDA Dd dod oA0xdwir 0} WIDISAS UOTBIIWIISSE BIEP PUB] € UI POPN[OUI 3q UBD BIEP JVINS eouownu dAoxdwy
RYPEIA
WA uondy [enuajoq jo ERIRL2D | uondrsaq uonedddy
10 )dov3U0) Arunwwo)) Jo fyrunwwo))

"G uwINjod Ul JIfe)l P[oq ul poIySIYSIY 16 S}OBIUOD UO-MO[[O]

6002 ‘0T-6 1oquialdas
doysyaop suonesnddy JvINS 243 e Jusawadeduqy uonedijddy ay) wioay synsay ‘11 xipuaddy




[44

*[dn-mojjof o1 umususg
L] :00SANN ® ONM
[dn-mojjof

01 2714, ] 39NO0ISY
A[eosH

‘d % seoIS "D dIvVSN

ODSANN ‘ONM
PN0IZY ‘AIVSN

“UOTIBOYIIISSIP PUE UONEpPeIZop pue| ul spuan dew o) pasn
9q pnos syonpoid e1ep JVIAS "9dA1 10405 pue] uone)a39A uo syoedwr juonbosqns
pue Kyanonpoid [10s ul saZueyd WId}-SUO] YIM PIJeIdOSse ST JYInoIp paguojoid

UONBIIJ1IIOSIP

pue uonepeI3op pueq

1SS0 ITM -IDMV/0dD
eleped 'd ®
Nenqary L ‘N -4VNOD
UIPIOA

‘[ :SIAIN 9401350

'd ‘dHO/VVON
uouueys

H - AMVI/SVA

ueyz X
AVLS/SAISAN/VVON
IomaIg ‘JN 29 sdreq [ :
DADN/SIASIN/VVON
9 N -dION/SMN

IDMV

/OFD ‘AVNOD
dHO/VVON pue
AMVI/SVI/VASN
AV
LS/SIASAN/VVON
‘AON/SMN/VVON
‘SIAIN

‘NS vIPued WS ¢T1°d/V NS T1

sjonpoid JVIA'S asn A[jenuejod pinoos pue jonpoid 2Insioul [10s € sasn A[JUALIND
IDOMYV "SUOIBAIISQO [BIO] YIIM UOISN PUB SUNSLISIO0) [BOLIWNU OJUl UORISAUL
y3noIy [DMV Aq padjiequud s1103Jo A1sa10J pue [eInynorise osoidwr o) pasn

2q pnoo syonpord $—7 T JYINS JO UONIPPE S L 'SIOIN0SAI JOJeM JO SN JUSIIIIJ
o) 910wo1d pue s19)SeSIp Paje[aI-Iatem d1e3nIw 01 d[oy ued [DMV Sy, “eIsy
Ul SOLIJUNOD JUIJJIP UI SJUSWUOIIAUD I9JeMm SnoLIea 0} d[qedrjdde uoneuiiojur
oy Jo1diojur 03 pue ‘Kjiqeldrpaid sir oroxdwir 0 pue 9[0K0 19eM URISY

3y Ul AJI[IqRLIBA JO WISTUBYISW A} PUBISIOPUN 19139q 0] SI [BOS [DMV YL BISY
ur swa[qoid paje[aI-19jem UOWWIOD dY) FUISSAIPPE 10J ‘SSOHD WOIJ UOT)BUWLIOJUT
d1qesn Junjew Aq JudwWdFeULW S2IN0SAI 191em pjeISul sojowold DMV

WS ¥TPUe d/V NS ¢ s1npoxd JYINS asn A[renuajod

PINod pue jonpoid aInjsiow [10S & sasn APUALINS FYNOQD Ue[d JudwdSeue|y
[euoneN 211,] oY) pue UONENSIUNUPY SIed [eUONEN dY) St [[oM St ‘sorouade
I9JBA\ PUE [RIMNOLISY AU} oI€ SI10sN Juanba ‘JuLI0A0991 pue JuLIoIuout

SISLIO ‘uonuaaald ‘Sururem A[Ies Joj uorjeuriojur odeds opraoid o3 JuowoFeuey
KouaZiowy 10 WIsAS uorewrojuy doedg syt ySnoay) FYNOD Aq pardde oq
PInoo BI1Ep JVIAS "SoniAnoe ooeds ur soniiqedes Juowdo[oAdp pue yoIeasal [IALO
s,uoneN ) spuasardar 31 “Anunos oyp ynoysnoy sdiysiousidonus pue sjooford
Qoeds 1o)sTUTIIPE pUE 9SLUBW ‘[0NUOD ‘9)Nodxe ‘UFIsop ‘pueisiopun 03 Apoq
JUSWILIdA0T AJUO 9} pue 9)elS dUNUSIY Y} Jo Aouagde paziferoads € st FYNOD

WS yIPUed NS TT1°d/Y IS 7T sponpord JVINS asn Afrenuajod pinoo

pue 1onpod axmysiow [10s & Juisn APUALIND SI [e1I0d WYSnoiq SN oyl Anjiqe
Sunses210 JyInoip oroxdwr pnod [enod WSnoidg SN oY) oyur syonpoid arysiouwr
[10S JVIN'S SUE[IUIISSY SIOPIOYINe)s pue saroudfe JUIQJIp 03 sYSnoIp jo
yorduil pue Ys1I Jnoqe uoneuLIoul 9p1aoid pue ‘spopow pue s)YSnoIp JNOqe ejep
[onuos Ayfenb pue dje[rwisse ‘syysnoip poyedionue pue JurIowo jnoqe ururem
A11eo opraoid 03 woysAs aAndeIuUI 9y} Jo 1red st [ep10d 1ysnoig SN SIAIN YL

‘woYsAs SuLI0)IUOIA WYSnoi

SN 2y} 10§ s[opowr uonoIpard SJBWI[O [BUOSEIS [BOLISWNU JY) O} SUOTIBAIISGO
I[[ores Sune[IIsse U0 SuneIoqe[[od dxe (YVILS) SIASHAN pue (DINH pue
DdD) dADN/VVON "seare owos ur arnjerddud) pue uoneidioaid jo Sunseoaioy
aaneuenb oy aaoxduir 03 pazisayjodAy udaq SBY SUOIIPUOD SINISIOW [I0S
Q0BJINS JO UONBZLIONLILYD 9)BINOOE JY ], 'SUONIPUOD JYSNOIP JO UONN[OAD dIMn]
a1 joedur 1M JBY) SUOHIPUOD [2IIS0[0I03}OUW JSBIAI0) 0} S[opow uororpaid
QJRWI[O PUB JOY)BIM [BOLIOWINU JO SN Y} SIA[OAUT SUT}SLIIOF 1YSNOoI(]

3unseoaioy

1y3noip [euonerodp

SI9)SESI(] [BAN)EN




€¢

OVIND/VSVN 1®
jey) opnjour soofoxd
1SBO2I0J [eUOSEIS

[eyuswradxy
"DUNG S BIRnsSnY
<.
pue "epeue) ‘[enudjod Jo Ayunwiwiod Sy} Ul SSAUIBME ISRl
JuawuoIIAuUyg pInoys uoissiwu JVIAS 92U ‘Tersudjod yonu si 210y} Inq ‘ejep JVIAS ash 03 9[qe
1505 4 39 oI ‘AMINDA 2q [1m Jey) suonjeorjdde jeuonerodo ma) A[JUSLIND o€ IO} ‘OBWI]D 10 :9)ON
o :OVIND/VSVN ‘0dD/dHON/VVON D p1PuE NS 71 01 s1npoxd JYINS
310g "V % PIOYALIDN sdnoi3 wﬁﬂuzﬁoﬁﬁ JUBAQ[OY "UONEZI[RIIUI }SBII0J 10J (AUOZ 1001 3} Y3NOIY)) UOTIBULIOJUI dIN)SIOW
‘g ‘epeue) ‘Aug ANsSIoATUN ‘SI0JUAD 1580010J [10S JVIA'S JO asn pooS dyewr ohomusﬂr ued SWoISAS Sur)seoI0) [RUOSLIS "SAPN)S $1SBOA10J OYBWI|D
Keusoy op "d :AMINDH . : JUSOAI [BIOAS UT PAJBISUOWOP SE ‘S}SBII0J IOYIBIM [BUOSES PUE [EUOSBISqNS .
4 "N :DdD/dIDN SnoLeA | [euoseds [euoneddQ 0] [[IY[S QWS JINQLIUOD 0) AIOWAW YFNOUI YILA d1B)S BWI[O © ST SIMSIOW [10 Jeuoseas aaoxduwi]
aguey) pue A)[IqeLieA yewi))
JUSWIUIOAOS
Ao
pue \QQSOO wﬁﬁmmuo.ﬁom JABM JBOH
[dn
-awojpof o1 214.4] :0S11 D2SN “DIN/VVON
uo[0) “d :DIN/VVON “TTID/ADVSA "SUOIJBAIISQO I9)1BOSIRq Tepel JVINS Wolj [qe[rear Ajjenuajod QS-M@ 01q 991 JOALI
siaeq . ST UOIJRULIOJUT SIY ] "SYUAD UIPOO[J UOSELIS-P[Od JO UONRIND PUE JUA)XD 3]} : :
q THID/d0VSN DJI/SMN/VVON Surjorpaid 10§ d[qeLIeA juelIoduil U ST SIOALI PUB SSYE[ JO SNJB)S 9T JUSLIND Y, pue aye] Ioyemysal
o3puudyelg
:989[10D Ynoweq
[21m8ysaaur
01 2404550 g VWAL VINAA Surddew pooyJ 1eqo[DH
I 200 NISTID
‘[dn-mojjof 01 240.4350) ﬂm~<ZOU “UME '90rJINS pue| Y} Jo
g/ :D1/SMN/VVON DAY/SMN/VVON | Anoedes uonenijur juaimd ayj SuqLosap UOHLLIOUT [FUORIPPE Jo 2091d [eHA
[owvu 10f ¢ B S SWQ)SAS Suruiem poo[j Yse[j paseq-1sATeur ojul pajeidajur oq AJIsed p[nod
: dHO/VVON ! . ! 199 A1
1191 “d ¥sv] g4odSN p S[BAQLI}OI INJSIOW [10S JYINS ‘s1onpoid erep JVIAS de[wisse Ajeuonerado oy
9 N :dIDON/VVON dodsn Apeal 124 J0u dIe SW)sAS [euonerddo [IYA "2INJSIOW [I0S JO UOBAIISQO 1IIIP
suur] “H :SDSN ‘dADN/VVON Aue £q pauTeI)SUOIUN ST PUE S[OPOWT ddue[eq Jjem onsiidurs Aq papraoid st oocmﬁﬂsw
siaeq g :@od ‘SDSN UOTJRULIOJUI ONS ‘SWAISAS [euoneIado juaLmo uf “Sulfopow JJouni-[[eJurel paseq PoO[J yse[j pue waioﬁ oul
9A01350D) . . -JU9AQ 10J UONIPUOD [e}IUI paIinbal & 210013y} d1e pue jjount o) dsuodsar aeos :
'd :QHO/VVON daod dHO/VVON -uISeq 19A0 [01U0D FuoNS 10X A[[eord4) SUONIPU0S SIMsIowt [10s Juopaoauy | MOTJ WBAI)S [euoneradQ
“JU9IUO0J 13JeM UONEBJIZIA I0/pUB 99BJINS JO SUOIIBAIISAO 0TI JO AII[IQR[IBAR 3]
wolJ J1JoUaq PINOM PUE JUJUOI JINISIOW [10S 10J UoneuLIojul Axo1d asn ApuaLnd
swysAs 11oddns uorsioap pue Juriojruow Airqudadsns oy ‘suonesrjdde
IoUIO0 UI Sy YSLI 11 10J 9[qeLIeA oisoudold [eonLIo & ST “uIn) Ul ‘Yorgm ‘Juaiuod
SVA/vdsn SINISIOW [N JO UOHEUILIAOP Sy} UI J[qRLIEA JUBMIOdWI UE ST SIMSIOW [10G Aipiqndaosns a1y




ve

*AIunuwod
AJU2IIS
drewr[d
[e1oud3
o (9 1
ASd/VVON
‘sdnoi3
[euonjeuIaul
RO< ‘uonyesrjdde
ND/VSVN SIY) 0 JueAQ[2I 218 ($71-177) s1onpoid ejep JVIAS 1V “(SIue)suod oLod[o1p
p P ‘ssouy3noa ‘@rmxay [10s) sentodoid aanerper oaemoIdIw pue [eorsAyd ooeyins
dVON'S puey jo Surddew 9y} 03 ANQLIUOD OS[R ULD J] *9SN PUE] PUB ‘OPaq[. ISNp ‘S[OSOIOR
SID/VSVN ‘uonjeS1uI ‘soses 9oeI) Jo Surjopow Yy pue s}oSpng uoqIes pue ‘Idjem ‘AS1oud
“1a nﬁuv 90BJINS PUE] Y} JO UOTIE[NO[ED Y} 03 J0adsar yum Aprernonied ‘uoneoryrIon
pue Juowdo[oAdp [9POW J0F 9INOSAI [NJASN B SB JAIIS Ued s3onpoid amysiowr
SIU3D [10S JVIAIS "2Imjsiowt [10s SuIpnjoul ‘SUOIBAIISO W)SAS YiIed JO SIsA[eur
wﬁzoﬁoa a1} 03 A[9S0[0 Pa1) yIoMm Judwdo[oAdp [opow YSNOIY) ST SOIOUSIOAP 3say Ised
woIsAs 103 03 Aem AJUO 9y} puB ‘UONE[NULIOJ [OPOW UI SIIOUIIOFIP Ik [00} Jo adA) s1y) sjopou
0} suoneyw] urew Ay [, ‘suodar DO J[ 2y3 10J pasn 2d4) a3 JO ‘S[OpOW WAISAS
qQred IV ueg a1e (3[eos-A1Musd) uonorpaid ajewi[d wia)-3uo] 10 S[00) [NJasn ISOW Q) woYsAs yed saoxduwy
DM
INSI/OOMDI/0ED
¢ wepIIswy
Jo \nﬁmwo\ﬁﬁD -91qissod se pouad own e Suof se ueds jey) (012
’ ’ ‘@1ep SOINS/VSH TeSPULM ‘TIALL/INIAIL DImsiow [10s 99BJINS YSINV/VSVN
15S0d "M :DMIASI RI/ONDHVAV PUEB YINIAS ‘SSHOMIAU 72718 U1 FUIPN[OUT) SIIINOS BILP SINISIOW [10S JO
nar op Y :DNOVAVY ‘SOUN/VASN 9V K19LIEA B WIOIJ PIJONIISUOD 2 ISNUT YOIYM YT dInjsiow [10s 3y Jo juduoduwiod dInjstowr
ueyyz jueitodwl Ue paIOPISUO 9q UBD BIEP JVIAIS "SO[qBLIBA W[ £33 JO SpUdI)
"X AVIS/SIASAN LS/ mmemz\/& VON Tenuajod pue ‘AJI[IqeLIBA ‘SUBOW WLIA}-SUO] JO UOTBZLIOIOBIRYD POSeq-EJEp © [10S 10] AMQOV p10991
1723 "L :DADN/VVON DUADN/VVON | styomgm @D ayp 10J S[qeLieA [BHUISSI UL S8 3INISIOW [10S PIJHUSPI SBY VVON Blep djewijo e QO~®>®Q
-Ayrunuuod
AJUAIIS
[e10Ud3
XAMm
HAD/LIOM 'S9I0UQ)R[ SWI)-[BaI-IBdU paau Aew pue ‘SIASHN/VVON ‘Ordwexs 10y ‘Aq
‘arerSoxd popraoad swreans eyep 9)1[[d)es piepue)s ul sjonpoid JyIAS podu Aew uoneorjdde
SIY L, JSNP pue ‘U0qIed ‘soseS ooeI) ‘S|0SOIL ‘SUOTIPUOD d0BJINS PUEB] JO
SMAN sojewnsa 03 Ienoned ur Sunnqryuoo ‘sisA[eue pejersojur ue yons jo juouoduod
VSVN VINI juepoduwir ue 9q pinod (syonpoud [e) ejep JVIAS "SUOIBLIBA §)1 PUB W)SAS
¢ ¢ ¢ ¢ oyewur)d g 2y jo uondrurosop [ewmndo Affeonewayew € donpoid o) [opour pue|
19150 Y % J[YoIY Vdd 'S nmk:\/ﬂom ddON -o10ydsounye-ueaoo paydnod & Jo 1X)U09 dY) Ul PAUIqUIOD I SJUSUIDINSEIW N)IS wﬁﬁoﬁcoe
o :OVIND/VSYN | DJAN/VASN OVIND/VSVN | ur pue pasuss A[s10war Jo A1o11ea opim & ‘SIsA[euy wa)sAg yiieq pareidoiu] ue ug 9)JelI]d JeuoneuIdu]




S¢

aurd 'a
R WPIA [ ‘UmoIg ‘W

"D YIPUB NS $T1°d WS C1

‘AV NS 71 s1npoxd JyIAS asn Ajenusjod pinod pue 1onpoid ainysiows [10S &
sosn Apuarmd JAN SMH "SUONIPUOd dInynoLige sno[ewoue AJuapl A[ojeInooe
210W puUe S)SBI210J [eIn)noLiFe aaoxduwr 0) [N SM T oY) ul pajeidorur

9q P[nod e1ep JVIA'S "AIINd3s pooj 03 syealyy [erudjod AJiuaprt 0} sjoxlewr

puE SPOOYI[AI] UO S}oedUll SII JO SWLID) Ul UOBUWLIOJUI PUEB BIBP JUBAJ[AI IZA[RUE
pUE I0JIUOW SAJBIS PAAUN ) PUL ULISIURYSY ‘DIEH ‘BOLIDWY [BNUID) ‘BOLJY
oy ur syeuorssajord TN SM A "SoNSst AJLINd3s pooy SUIA[OAS pue FurdIowd

uo uoneWIOjUl AYI[IqeIdUNA pue Sururem A[1ed snoioJu pue Ajowr apiaoxd

01 s1oulIed [eUOIRU PUR [BUOIFAI ‘[RUONBUINUI [)IM SOIRIOQR[[0d JBY) ANATIOR

‘Aeudg "D ON SMAL 1IN SMHA | popuny-arvsn e st (LAN SMAL) JHOMION SwsAS Sururep AjIeq ourwe oy, Sururem A[Ied ourwe,|
(0aD) uef [ 10 (NN)
sousn( -3 INVOHL INVOAr
ueyz ¢ “ySnoip [eimnouSe jo opmuSew pue JuMXs [eneds oy 9ZLISIORIRYD 0) AII[IqE
"X SIASAN/VVON WMQ SEN/VVON INO UI KJUIB1IOOUN 9ONPAI PUE SINISIOW [I0S SUOHBAIISQO J[BIS-0318] JOAIIp
REVELINOIN SOUN/VASN apiaoid [[Im JVINS "UOHBZLIDIOBIEYD 3[Bds-[euoiSal 10§ apenbapeur pue adoos
‘D :SOMN/VASN ‘arvsn U1 PaJILLI] I8 SJUSWAINSBAUE SINISIOW [10S 10211 “SUOHIPUOD UONEIISIA Jo/pue
SN0IS D :AIVSN ‘ ¢ Surjopow 9ouB[Eq I9JEM [10S BIA JINISIOUI [I0S JO AOUSIJUI JOSIIPUI SY} UO Paseq
WPIdA [ :SIAIN . SIAIN ONAN |, $30019 SuniojIuOW JudLN) “A3ARoNPoId UONEIPFIA [BULIOU 10§ SHUAWAINDAI 3uLojuow
SoAeH "N :DINAN OINH/ddON/VVON SN 0} DAR[SI JOJEA [I0S JO JIOLAP B SB PAULSp ST JYSnoIp (e nousy 1Y3noIp [eIynoLdy

£1)S9.10,] pue JIN)[NILIFY




9¢

[dn-mojjof

1 1ssod "M/ -gm
04301 " ‘oryso],

& ~4dDIL/SOdD/VSE
rURMSIOq

naseseN " :DAVS
suSeduwrey)

D repeue) Fy
elweped 'd ¥
enqary L ‘N -HVNOD
SpPIOUAY D

® MoIH "M ‘dVdl/SVdA

dAM/NN
PUOYDHV
“YADIL
/SOdD/VSHd
|
NV4/0avs
‘agav/am
‘S
SVN/VAsn

AVNOD
‘DdVV/epeue) 3y
‘avdr/sva/vasn

‘SUOIIBAIISQO Q}I[[9)eS pue sisATeue p[o1y woiy Suiddew pue sisAjeue Aijiqeiouna
Surpnjour sisA[eue A1nods pooj sapiaold g dYL "opimpliom 1oguny Junysiy
Koua3e uenreyiuewny 1sa31e] s,p10m oy} s dwwei3o1d poo PO YL (4
"SUOT)IPUOD [BINY[NOLISE JO JuawsSsasse YD oYr daoxduir o) pasn aq

PINOS UONEBZIIAORILYD INISIOU [I0S OT)SI[BI IOJA] "2OIAIAS SULIOIUOW dIN)SIou
[10s pue ‘A111nd3s pooj 03 uoddns pue 20 NoLISe FULIOJIUOW OPN[IUL SHOJJD
AADIL . A3ojouyo9) (OF) uoneAIdsqQ yuey jo sasejueape oy) suniofdxa

AQ UOIIBULIOJUI-093 PIJR[aI 19JEM JO UOIJBRUIWIASSIP PUE SISA[BUR ‘UONII[0D

o) Ul pade] swo[qoId SUI0dISAO0 0} SOLNUNOD UBOLIY SUNISISSE,, 18 paulre
aAnRIIUL YHOLL dY) ZOOT Ul Payoune| ‘SOHD Y} JO 1Xa1U00 Ay Ul VS (€
“Surping

Kyoeded pue ylomowel) [euonmnsul urudyISudI)s pue {$32IN0SAI [eINjeu pue
JUSUIUOIIAUD 3T} JO dSN d[qeure)sns pue 9[qeirnbo ¢Kj1moos pooy 1oy ssauparedard
I9)SESIp {9N[eA [BUONLINU PUE AJ9Jes ‘Ss9008 ‘AJ[Iqe[IBAR POOJ INSUD 0}
SLUNY A JO Snooy urew oy, "ddSTY 2Yp ut sonLioid yiam aul] ut ‘uoiso1 HAV'S
oy ur swerdoad pue sororjod [eInoLIde JO UONBZIUOWLIRY PUB UOIJBUIPIOOD dU}
ST UONOUNJ UTeW §1] ‘JBLIBIAIAS DAVS AU} 1B SaJRI0JOLIIP IN0J JO 9UO ST HAV'S
Jo 9re1030011q (YN V) uowdo[oad( [ermeN pue ormnoudy ‘poo ayL (g
"SBATE [RINI UT SANIATIOR Syueq ) daoxdul A[[enunuod o) 19pIo

ur “yueg ay} SPISINO pue IpIsul ‘srouonnoeid uswdo[oAIPp [eINI puB SINMOLISE
Suowre Sunreys a3pajmouy| Sunowoid pue ‘sjosfoid [ pue arnynorSe

Jo orjopyaod sjueg oy Jo Sunojiuowr yuawrdo[orsp [eint uo A39jens jerodiod
sueq PO\ 9y Jo uoneuawa(dur pue uoneredaid ay) apnjoul SaJIAISS ISAY L,
'so1doy JuswdojoAap [ern1 pue aInorSe Jo a5uel OpIM B UO SUOISAI S ueq

U} 0} SIJIAIS AIOSIApE pue [ednA[eue sapiaold Qv ‘pu siy3 o, Juswdojorsp
[eana o[qeurelsns ySnoxy A119A0d 9onpar 0) syIoM (TIV “ueq ) SSOIdE

pue jj10m1oN Juowdo[oAd 2[qeureIsng oy Ul songea[jod YIm UoneIoqe[jod uj (|

SUONIPUOD [BINI[NOLISE JO JUSUISSOSSE A1) 9A0IdWIT 0) UOTJEZIIAJORIRYD
QINISIOW [I0S OT)SI[BI IOW B dSN P[NOJ Jey) Palyuap! 21om swerdord o

‘JuowaSeury AouddIowy 10J wolsAg
uonewoju] 99edg s y3nory FYNOD £q parjdde oq pjnos erep JyAS (€
‘pIeog 183y A\ UBIPRUER)) OY) 0] JNSIUIA] PUB PooJ-LISY pue oImnoudy jo

IQISTUTA 91} YSnoIy) suerpeue)) pue judurerjied o3 sypodar ‘sioupred orjojpiod syt
s 3uofe ‘D VYV “Yimoi3 10 UOHBAOUUI PUL JUSWUOIIAUD ) JO Y[ ‘WISAS
PO0J Y3 Jo AJLINd3s A1y oe 03 swerdoid pue sarorjod pue ‘A3ojouydd) pue
[oIeasal ‘uoneuriojur sapraoid (DJVV) epeue)) poo-usy pue armnoudy (g
*S9LIUNOD

u31010J 0} OUBISISSE [BOIUYDJ) puk pre pooj opiaoid pue ‘doejdioxrew [eqo[3

oy ur armynoniSe g ) Jo uonisod aannadwos o daoxdwr ‘s)axIRW MOU P[Ing
‘syonpoid "g ) 10} SS90k JadIew uS1o10§ daoxdwir 03 syjIom (VS()) 2IMNOLSY
Jo yuaunaedaq 'S ) 2yl Jo (SV) 991A198 [eamnoudy udraio Ay, (]

:yonpoad

ainysiowr [10s & uisn Apearje a1e sweidod sa1y 1, ‘suoneorjdde JyINS 10}
PANUAPI 910M SweISo1d USASG [[IISIUIM JO SOWIT) SUIULISIOP 0} Pasn dq PInod
yonpoid v 1/4 €719y ‘uonippe uj ‘Jysnoip [ernynouise [eqo[3 ssosse pue Aiqe
Sunsesa1o} doro aaoxdur 03 pasn 2q pnoo synpoid -7 JVIAS JO uonippe ay

3unseoaroy
doi1o aaoaduwy




LT

:JUQOSAIO POI/SSOID)
Py [eUOIRUINU]

*A1Surp109oe pado[aAdp 2q ued
sueyd osuodsar LouaSiowry N © pue s}onpold aInjsiou [10s JO asn pauIquIod
9} Y3nOoIYy) PAUIULIAP 9q UBD SIPI[Spue| 10 SUIpoo[} 10J JSLI Y31y Jo seary

sue[q
asuodsay Kouadiowyg

‘Kyianonpoid [eijnouide pue Ajijiqe[ieae 1ojem uonendod 10y sojewnss 19339q
opraoixd [im uonesrdde siy |, “ssons jeay uoneja3oa pue Jy3nolp adeospuey jo

opnyruSew pue Juoyxo [eneds oY) oZLIG)ORIEYD 0} AJI[IqE INO Ul AJUTELISdUN 9INPAX
: 1S 9t 971 it A Surroyruow
4soD ' :0v4d . pUE SUOI}BAIOSQO de0s-a31e] 40011p opraoid [[Im JVIAS woiy sjonpord axnjsiowr R
MOID) 3PBAL SVASN Oov4d vdsn [10S "1ySnoIp 03 pea] Kew pue syueld Ul 10JIQIYUI SSANS © ST ADUSIOLOP 101 M 1Y3noIp pue ssa1)s Jed
[yway uvwuny
up spovpu0d yyum dn
-mojpof jjim uosyovy <[]
[wiway
uvwiny uo sypsodosd *9SBOSIP WA
y v\%v\v\ u&wﬁ:x\ vdd ‘aod pue ‘snuAejuey ‘seSey) Amtﬁﬁw Surpnjour wummwm% 9UI0Q-I0J99A JO SI0)0B]
0 181 0 10f SoudDE ¢ SSLI [EJUSLIUOIIAUS pue sutoyjed ysi1 Jo 10301paid € se pasn oq ued oInysiou
T VSVN 1ovpuo)] . ‘Inow DAD/VSVN [10S "9oUBpUNQE PUE UONGLISIP IIAY) [0TIUOD SIUBUTULIONP [LIUSWUOIIAUD
ofen 3 :nad | OHM NI e stoy L] DAD se odeospue| oy 03 pany A[uowwod are suagoyyed pue $)SOY ‘SI0109A ISOIN A3ojorwapids adeospue]
J[edH uewinyg
So[eos QN
enwepe " % MWZOU ‘JuowoSeurul pue JunsedaIoy [EUOSEDS 18 JowoSeUe
engaIy L ‘W :AVNOD SASN a1y 10§ sjopow Surpeo] [ony 03 Jndur ue se pasn aq 0} [eNuod SBY AINSIOW 10§ pue 3ursedsdIo] 1]
A9 ‘ODSLV.LS/SOUN/VASN
oy 10U ‘ODYNSS/SIYN/VASA 241 1 2q Jsnur uononpord
[eamnoride 103 J1oddns uorsioop ‘ojdwexs 10 "pado[aAap 2q 0} 194 dARY JBY)
soyoeoidde Jureosumop a1mnbai [[is suonesrjdde swog Juswaseuew doro uey)
S9[OS dJeWI[ 10J Yojew 12312q & sI s1onpoid JyIAS JO uonnjosal ay) ‘Ajqendry
WS FTPUe Y 1/d €1°'d WS ¢T°d/V NS 1
apnpour sponpoid JVIAS 1ueAd[oY ‘uonediun pue ‘Sunsaaley ‘Sunuerd
J0 Surnpoyds 10§ [BONLID ST UONBULIOUI dImjsiow [10S sdoId [ernynorse
[uoyvoyddp UO SSOI)S I0JeM PUE JeaY] }Se0010] 0 Tenyuajod ST a1ay [ T[IY JojuIm AJT)uapr o) pasn
uoyNSLLII UOYDSYSIAUL 9q pnod v 1/4 ¢711onpoid JvAS 2y ‘wueld 03 do1d yorym ‘suonnjosai iauij je
1 moa)d ] SASN ‘S pue ‘doxo e jued 0} o]qISES] A[[EOIIOUODS ST T J1 JOULIE] [ENPIAIPUI UE [[9) 0} Posn
10J0RYOS D) % 9q pPnood elep JVIAIS 'SHJOUsq [BoTUy0d) PUE ‘[EIoULUlj Te)o100s ‘[eJUUIUOIIAUD
yunid "q :SOUN/vasn | DAN/VASN ap1aoxd 1ey sweiSoid UOBAISSUOD 90In0saI [eInjeu safeuett SOMN/VASN yuowegeuew dor)

(0gD) ueq r pue (NN)
sonsnf ) NVl
[oV yim dn

-mojjof o uzgjog r]
uayodg ' ¥

uewIssaI) " :OVA/NN
SplouAay

D 1SvA/vVasn
ossape],

"L 29 s9AeH ‘N :DINAN

INVO4Ar
‘OVA/NN “DINAN
‘Sva/vasn

‘uorouny wajsAsodd peoiq pue Ayanonpoid juerd uo jysnoip

Jo j0rdWI 9y} UO SOSNO0J SULIOIUOW [)[BIY UOILIITIA ‘SW)SAS [eIn[noLIfe
-uou e uf -a1njrej doio o3 arnsodxa Suropowr ur pajsaIiul s1opiaold doueInsur
doio sureyuoo Ajjenuajod osje dnoi3 siyJ, ‘[ueq [ pue aousnf ‘D] INVIH[ pue
[991A108 UOTIBULIOUT JSNOOT 1ASa( ‘UBWSSAID) "] OVA/NN ‘[SpIoukay H/moID)
‘M1 SV A/vasn epnjout 29noe1d jo Ayrunwiwod ayy ur Junedionted jo ojqedes
PUE SONIAIIOR JSAY) UT PIAJOAUT SIdUME “SANIATIOE Suriojiuowr doIo [euoneurul
Ul 9]0 1B3[0 B 9ARY SOJBWINSS 2Inistow [10s ‘Ajranonpoid doio [ermnouide ut
Ajqiqerrea [enuue-193ul Jo 201nos Arewtid ay s1IyInolp jernynoLde aoulg "proIk
[ermnotiSe Sunseoa1oy st suonarpaid yons Jo 80T ojewumnn Ay ‘TeInynorse

104 "Ayanonpoid pue yjeay uoneadaa jo syoedur juonbasqns jo uonorpaxd

Ay SI SaNIANdE Sunsed210J pue SULI0}IUOW JYSNOIP JO UOISUI)XI SNOIAGO Uy

Suriojiuow
Ananonpoiad doxo
J1O/pue [)[eay] Uoe)OFIA




8¢

‘qoune] JYINS 10J own ur padojaaap aq A[enueiod pinod

‘sdnoi3 nq Aoueyur syt ur st uoneorjdde Sy "S)SBISI0) SIBWII[D [BUOSEIS PUB SIIBUINSI
b_m.ﬁo\ﬁﬁ—\— yoedmous se yons ejep AIe[[Ioue yjm uo[e JUBAI[II JSOUW 9q P[nNoM ([[ejmous
hmﬁo<w n 03 Jorxd parnseawr) jonpoid NS T dVIAS 2uyi ‘uoneorjdde [enuojod siyy 10
. ] ‘Guruue|d 921081 197BM 0] 9INQLIFUOD SNY) P[NOD INISIOUI [10S JO FPI[MOUY
Oovd "TdL *03e10)s J10AI9s21 Judnbasqns pue morjuweans Jurnsax Ay I[[ews A
ONS/SDUN PUE [10S 91} OIUI [SWMOUS JO UOTBH[IJUI 97} 1018215 oy “Jordmous oY) mo[aq
‘g [10S 3y} JOLIP S} — MO[JWBANS PAJRIAUIT-I[OWIMOUS UO JordWI UR SBY IOAIMOY SO5IN0SAI
‘mous Yy JurApIopun [10s oy ], ‘Surids oY) Ul MOJUWIBI)S JO SISEII0J )eIOUdT
wpwoA T:sIaIN | DAN/VASN SIAIN 01 sarewnss yordmous 03 Joo[ A[[eo1d4) 15om Y Ul SISFRURW 90IN0SAI 1OTB AN Iojem [eUOSEBas 1SBIAI0]
$92.1N0S3Y I9)EBAL
erdoryg
TIM uoneIsu
[T M Yrm dn-mojjof ¢ ‘uorjeIiu Ip[im Surjden 0} Aoy aIe jey) (eaIe pjepunul n
o ppuogop Y| “Mommb 30 oSejuoo1ad “I0yem 20EBJINS) SUOHNGLISIP SPUB[}OM UO UOHBULIOJUT 9pIa0id PIIq pue $95IN0Sal
PIRUOON Y ‘TA SMASN Arenusod pinoo ey ey spuepom,, e sasn jonpoid sayoT 0S €171 dVIAS UL Spuelom IOHUOIA
vdl
‘ouxn|
dOVN
‘(aouely)
ADS1 *SYUIS PUB $92IN0S uﬁoaowmﬁmz
¢ U0GIEd 9JBN[BAD 0} S}IOJd [BUOTBUIOIUI PUE [BUOLEU 0} NLIUOD SNy} UBD ¢
. ﬂQmD jonpoid oy "SOIEWINSd XNJ§ UOQIED JO Y)[BIM E 9JBISUST 0 BIRp AIR[[IOUR UM uoqIe)) ‘SULIONUOIN
sue] °J :19Y0RI[UOGIR)) H0d 'vVdd I93del], uoqre) UOT)RULIOJUI INISIOW [10S PUR 1/ JVIAS $95s9001d 1onpoid 5 4 JVIN'S oYL JUIS/22IN0S uoq.ren)
Arunwuod
KsIoATU)
‘eYSBIY
Jo aye1s D YIPUR Y L/d €1°NS T 21e spnpord
nm SN ﬁm dVIAIS JUBAS[OY "IMISIOW [10S UI dnjeA pulj Aew (uonjeidiw fewrue Surpie3ar
U9A3) $30IN0SAI WIISAS03 JO IOUBPUNQE PUR YI[BIY Y} SUNSLIAI0) Ul PIISAIAIUL
oyuaypLL 'Y :S¥00 | DAN/VASN SUDD SIOUA)) "IMOIS UOTIRIOTIA PUR [I0S 19M USIMISQ PAIOU Ud3q sey Sey aseyd v S1SBJ3I0J woISAS00q
£301009
‘spunoid
0189990 “d ‘Tl I SuIpasIq 1SNO0] SW093q 03 A[OYI] ISOW SBAIE SUIULISIOP 0} PASN 9 UBD SINISIOW
‘uaog ‘[ :DASH/VSVN . . [10S "sd010 £01)SOp YOIyM SWLIBMS ULIO) PUB YOJBY S}OISUI 9Y) JO Joquinu d3Ie]
‘Suewssa1)) Y :OVi JASDH/VSVYN OVvAd © ‘seaIe SuIpasIq 1SNY0] AY) UI JSIXd POOJ 10J UoNed3aA pue 19em Jo Ajusrd J Uo13e)sajuy 199su]




6¢

‘NS ¥1Pue‘d NS T1°d/V NS T1
apnpout sponpoid JYINS JuBAd[SY ‘suoisiaoid [eroads pue sjuswdsiopud Korjod

[uoyvuriofur a10u %HMGSEEOO pue ‘suorsiaoxd doxo oi1oads oy ‘Ao1j04 2oueInsu] dor) uowrwo)) 3y} Jo JSISU0D
dof Aouiny g jovyuo)| doueInsur Aqreord4y sarorjod soueinsur doio [eropa “sdoro 1oyjo Sunmsur Jo A1jiqisedy
[dn-aoqpof jjim Suay -g] doio f% AU} QUIULIDJOP 0} SAIPNIS SIONPUOS OS[e YVIAR/VAS() "PAIUN0D d10m A)Unod
orddig K19A9 U1 pansur sdoo oy 10J s[qe[reae ueld dourInSul AI9A9 J1 JOYSIY yonw 9q
29 Sual ‘g VNI INY/VASN pInom yorgm toqunu e ‘sdo1dp g uey siout 10y satorjod sapiaoid VIAY/VASN doueinsur dox)
J0)J39€ dueansuy
“SULI0}IUOW }SE0O-TEU [EO1)LID
SMO[[e uonN[osax YSIy Y, "SOUEOLLINY Jok1} pue Iojruow o} Ajiqededs soueyuo
AppueoryTuSIs ueo sOJEWISd UONOIIP puk Paads puim 90BJINS UBIOO0 UON[OSAT
-y31y JVIA'S S/ (S INOge [nun djeInjes jou saop [eudis paads-puim oyl JVIANS
Kq pakojdop pueq-T 19M0][ Y} J "Spoads-puim IIABIY 10J jeInjes sa1oudnbaiy
JMILL aoda 259y Je armeusis paads-puim oy, "sorouonbolj pueq-ny| pue -ey pue pueq-)) asn
‘ o) spuim uea20 Jurddewr 03 PaJEOIPIP SI19JOUIOIS)ILIS JUSLINY) “UOTIIIIP pue paads SpuIm &wﬁm
epewys "L 'VXV[ purm doejns-eas jo Surddewr uonnjosa-y3iy jo ajqedes oq 0} pajexnsuowap : :
yonx 'S 1df HN/VVON U99q 9ARY SWASAS Iepel purq-T dUI0qaORds [-SYH[ UL SUI0qIe STV ‘SpUIM I0J09A UBII()
“10y31y 21 saInjeudIs pueq- 9oudy pue dguel
SIWEBUAP 9} AI0YM SUOZ [BISLOI d) Ul AJIUI[LS 90BJINS BIS JO [BAILIIOI SMO[[B
uonnjosax 10ySiy JVIAS ‘@rouwoyin, ‘s)ysiy JVIANS pue snuenby oyp yum
9[qissod s1 Ajiurjes 99eLINS BIS UO 19 BIBP WLIA)-SUO] Y "S[BASLIAI AJIUI[eS PIseq
-snirenby Jo syuowonnbal uonnjosar oY) 0} poSeIoAL 9q UL Jey) SJUSWINSLIW
Q10w AUBW SOYBW UBIS [BIIUOD JYIAS O} ‘SSI[OUIQUON "snirenby se Kovinooe
300[-0[Suls duIes oY} SABY JOU S0P IdjowoIpel pueq-T JVIAS YL “Kures
Q0BJINS UI SUOIELIEA UBSJ0-uado 03 s[euSis oyy Jo AJNADISUSS MO] Y} 0) NP Aurpes
paxmbar o1e sjuSWAINSEIW AovINdoe-YSIH A1)QWOI)EIs pue A1joWoIpel pueq |
VVON ‘VSVN | -7 8ursn fyrurjes sovpms-gas aAaL1o1 03 paudisop st uoissiu snuenby vSVN YL 90BJINS-Bas [B)Se0))
Arunuwuwod
5 K)ISI0ATU)
o0y .
1 :D4SD/VSVN aU ‘uonjegiAeu 10J [njasn ‘soue] Jurddiys Jo SUONIPUOI 931J-391 10J I0JBIIPUL Blep
BN M DAISN | JSD/VSVN ue se 0A10s Aew jonpord v I/ €1 dVIAS Y} ‘OS[V "Pasn aIe ejep jesiepey AVS ﬁOﬁ.BOmoM-&wmﬂ
U0[0D)-2IUAWI[D “YAISN ‘“Apuanng *(ApfeoMm 01 A[1ep) SUEa90 oy} I0AO POJOI[[0D JI UONEUWLIOJUT O qEN[EA dVIAS Sursn 93vI0A00
‘d 2DIN/VVON | : . ap1aoad Aewr jonpold soYIH 0S 11 dVIAS QUL "WISAS O1OTY U} Ul SIXN[J .
oquoyir v :sy00 | DD SADD | DAISN DIN/VVON | jeey uo uonewoyur sjqeniea sopraoid 9510400 pue sSIUNONY) 90T €IS SULIONUOTA 901-B3S QAJLINY
$3J.1N0SAY UBI(Q
SSOA "D :SDSN SOSN D
‘prepr1-sioRd | JSD/VSVN Iorempunoi3
0 ”ommoﬂwmm ‘9D ojur 98Ieyoal 19)eM
W a0V vSYN | VAD/VSVN Suropow/3urddey

S[ouUUBYD AL

pUE SPUB[}OM ‘SIIOAIOSII

‘SaYye[ Ul PaIoIS Jojem

Jo Ajiqeniea SuLIOIUOA]




(013

suonjedrjdde asayy

10§ [enuajod 1o/pue
sonoead Jo Ayunwuod
93e3us pue Ajnuapy

Mmous uo urel Jo spoedwr [89130[00

JuUoWddI0Jud Ad10d 103 ‘Jurddew pue uono9)p 1Y pueq-1

(suoz yeioane rejod ayp ur A|jeroadsa quajuo)) uond[H [e10], ‘uonelol Aepere Jo urddewr) soypeom aoedg

(edsery ur eyep 1/ Jo asn “3'9) Jurp[inq pue SpeoI JO UOONNSUO))

3unsesa10J (901n0S pue) puewdp A31ouyg

Jum3urids SuLmp o1OIy 9y} Ul SOSeT 99BI} PUB QUBYIOW JO SOXN[

{U0N1IBO0[a1 9F®[[1A JO SIsATeue ojul padj ejep [/ ue) :sdewr KI[1qeIdunA (8191908

IojowioIpel pueq- oy} woj (w9 0} umop) 201 Juduewtrod uryim so[ijoid arnjerodws) JO UOIIBRUTULINN

SJUOWIDIOUL dINISIOW [I0S WO Sdjewn)sd uonejdroad Jo juowdaorduy

W) Uy

uopedddy

:e)ep JVIAIS JO 9sn 3y} Surp.aedaa pasied a19m suonedijdde Surind-ssoad duIos ‘SUOISSIS JN0-YedIq Y} Juring

UOoT1IBaId31 pue WSLINO T,

ooueINSuI pooyj




Appendix III. Results from the Application Engagement at the SMAP
Applications Workshop September 9-10, 2009 (continued)

At the workshop, groups were identified that could provide information about SMAP applications to
the broad science community to build support for application of SMAP data products [termed SMAP
Community of Support]. This list is not exclusive.

Contact
or Action
Group Description Item

GEO/GEOSS The Group on Earth Observations (GEO) is coordinating efforts to build a Global Earth JECAM
Observation System of Systems, or GEOSS. The Global Water Cycle theme has been contacts:

IGOS-P established by the Integrated Global Observing Strategy Partnership (IGOS-P). The overall | C. Justice & J.

IGWCO objective of the IGWCO is to develop and promote strategies for the coordination of Fan
diverse global water cycle observing systems, and to make progress towards an integrated

ISMWG . 4 X . .
water cycle observation system that unites data from different sources (e.g. satellite [Dr. Possi

JECAM systems, in-situ networks, field experiments, and new data platforms) with emerging data (NOAA) will
assimilation and modeling capabilities. The International Soil Moisture Working Group send a letter
(ISMWG) was established in 2005 to handle the main objectives of this IGWCO water of support
cycle variable. from IGWCO
JECAM is an ongoing effort of GEOSS. The focus of this initiative is to identify cropland to SMAP
pilot sites around the world (representative of a range of agricultural systems) and collect Mission.]
time series datasets from a variety of Earth observing satellites and in-situ data sources at
each site. The goal is to facilitate the inter-comparison of monitoring and modeling
methods, product accuracy assessments, data fusion and product integration, for
agricultural monitoring. It is hoped that these comparative studies will enable international
standards to be developed for data products and reporting.

NOAA/RISA The NOAA/RISA program supports research that addresses complex climate sensitive Contact: C.
issues of concern to decision-makers and policy planners at a regional level. The RISA Simpson & J.
research team members are primarily based at universities though some of the team Verdin
members are based at government research facilities, non-profit organizations or private [J. Verdin will
sector entities. Traditionally the research has focused on the fisheries, water, wildfire, and follow-up
agriculture sectors. The program also supports research into climate sensitive public health | with RISA]
issues. Recently, coastal restoration has also become an important research focus for some
of the teams.

USDA/RSCC Several agencies within the U.S. Department of Agriculture (USDA) use remote sensing Contact: M.
data, tools, and related technologies to support research, program, and operational Cosh
activities. Although each agency has a different mission and responsibilities, similar data [M. Cosh
sets and technologies are used by multiple agencies to help them accomplish their made a
objectives. The Remote Sensing Coordination Committee (RSCC) brings together experts Ppresentation
from each of these agencies to promote information sharing within USDA and to help about SMAP
ensure the most efficient and cost-effective use of these data and technologies by the mission and
Department. applications

to RSCCJ

RCMRD, SERVIR-
Africa

RCMRD is an Inter-Governmental organizational which promotes the development and
use of Geo-Information and and Information Technology, in the sustainable development
of Africa, by assisting in human resources and institutional capacity building. SERVIR
Africa: A 21st Century System for Improved Environmental Decision Making for Africa.
SERVIR is a regional visualization and monitoring system for Africa that integrates
satellite and other geospatial data for improved scientific knowledge and decision making.
SERVIR addresses the nine societal benefit areas of the Global Earth Observation System
of Systems (GEOSS): disasters, ecosystems, biodiversity, weather, water, climate, oceans,
health, agriculture, and energy. The effort intensively utilizes and integrates NASA satellite
observations and predictive models, along with other geographic information (satellite,
sensor, and field-based). SMAP data could be applied to SERVIR effort to improve soil
moisture characterization.
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NOAA NOAA and NASA can partner to make best use of assets like SMAP for the benefit of the Contact: X.
public. NOAA leadership and the SMAP Mission can explore ways of making the Zhan
collaboration even more meaningful and make data readily accessible as we go forward [D. Entekhabi
with the project. In the pre-flight period there are many preparatory activities that may be (SMAP SDT
implemented. These include working with simulated mission data to test data protocols and | lead) sent an
assess their value in hindcast applications. Given the SMAP launch readiness in early 2014 | informational
and three-year baseline operational period, the SMAP data stream can also be an important | letter about
gap-filler for the NPOESS series of satellites that have soil moisture as a Key Performance | SMAP
Parameter (KPP). Until the NPOESS Microwave Imager/Sounder (MIS) is flown, SMAP applications
can provide valuable soil moisture information for the NOAA community. In fact given to NOAA
SMAP’s low-frequency microwave radar and radiometer approach to measurements, Administrator
SMAP soil moisture retrievals exceed the Integrated Operational Requirements Document Dr. Kicza]
II (IORD-II) Threshold Requirements and begin to approach the Objective Requirement. In
this sense SMAP data can also serve as the benchmark data for improving NPOESS
requirements and algorithms. [taken from Dara’s letter to Dr. Mary Kicza, NOAA
Assistant Administrator for Satellite and Information Services]

WGA The Western Governors’ Association serves the governors of 19 US western states and 3

US-Flag Pacific Islands. It includes initiatives on climate change and adaptation, energy
and transmission, forest health and wildfire, radioactive waste transportation, regional
biomass energy, transportation fuels for the future, western regional air quality, renewable
energy and wildlife habitat.

International Red
Cross

The International Red Cross and Red Crescent Movement is the world's largest
humanitarian network. The Movement is neutral and impartial, and provides protection and
assistance to people affected by disasters and conflicts.

RBM Roll Back Malaria (RBM) is the global framework to implement coordinated action against | [J. Verdin will
malaria. Sfollow-up
with Steve
Conner|
Other Missions A topic of discussion at the 1* SMAP Applications Workshop was coordination of NPOESS
applications for current and future satellite missions, particularly other microwave missions | Contact: G.
and the planned Decadal Survey Missions. Some of the missions identified included: McWilliams
. NPOESS/MIS
. NOAA/DoD/NASA WINDSAT AMSR
. NASA/AMSR Contact: Y.
e DoD/SSM/I Kerr
e  ESA/SMOS
. NASA/TRMM/TMI

. NASA DS Missions listed in Table 7
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Appendix IV. Acronyms

AAFC

ADAGUC/Free University of

Amsterdam
AFWA
AgCanada
AgroMet
AMSR-E
ApplWG
ARL

ASP
Australia’s BMRC
BAERI
CCRS
Cal/Val
CDC

CIC
CIESIN

CONAE
CONUS
CPBS

CSA
DAAC
DHS

DoD
DoD/JTWC
DoD/SSM/1
DoE

EASA

EC
ECMWF
EOS

ERS

EPA

ESA
ESA/CEOS
ESA/CEOS/TIGER

F/T

FAA

FAO

FEMA

FEWS Net
Fluxnet

GMU

GEO
GEO/AWCI
GEO/IGWCO
GEO/IGWCO/ISMWG

Agriculture and Agri-Food Canada
Atmospheric data access for the geospatial user community

Air Force Weather Agency

Agriculture Canada

Agro Meteorology

EOS-Advanced Microwave Scanning Radiometer
Applications Working Group

Applications Readiness Levels

Applied Sciences Program

Bureau of Meteorology Research Centre

Bay Area Environmental Research Institute
Canadian Centre for Remote Sensing
Calibration/Validation

Center for Disease Control

Canadian Ice Centre

Center for International Earth Science Information Network
(Columbia University)

National Commission on Space Activities, Argentina
Contiguous United States

Center for Pacific Basin Studies

Canadian Space Agency

Distributed Active Archive Center

Department of Homeland Security

Department of Defense

DoD Joint Typhoon Warning Center

DoD Special Sensor Microwave Imager
Department of Energy

European Aviation Safety Agency

Environment Canada

European Centre for Medium-Range Weather Forecasts
Earth Observing System

European Remote Sensing

Environmental Protection Agency

European Space Agency

ESA Committee of Earth Observation Satellites

ESA/CEOS space technology for water resource management in

Africa

Freeze/thaw

Federal Aviation Agency

Food and Agricultural Organization

Federal Emergency Management Agency

Famine Early Warning Systems Network

Global network of micrometeorological tower sites
George Mason University

Group on Earth Observations

GEO Asia Water Cycle Initiative

GEO Integrated Global Water Cycle Observation
GEO/IGWCO International Soil Moisture Working Group
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GEOSS
GFDL
HRC
IGOS-P
I0C
IRI

ITWG

JAXA

JCSDA

JECAM

IMA

LBA

LIS

LSCE
Météo-France
M¢étéo -France /CNRM
MIS

MIT

NACP

NASA
NASA/ARC
NASA/ESTO
NASA/GES DISC
NASA/GISS
NASA/GMAO
NASA/GRACE
NASA/GSFC
NASA/HQ
NASA/JPL
NASA/MSFL
NASA/NEWS
NASA/SMAP
NASA/SMAP SDT
NASA/TRMM/TMI
Nav Canada
NCAR

NDMC

NHC

NIDIS

NIH

NOAA
NOAA/CREST
NOAA/NESDIS

NOAA/NESDIS/OSD
NOAA/NESDIS/NCDC

NOAA/NESDIS/NCDC/USCRN

NOAA/NESDIS/STAR
NOAA/NHC
NOAA/NIC

Global Earth Observation System of Systems

Geophysical Fluid Dynamics Laboratory

Hydrologic Research Center

Integrated Global Observing Strategy Partnership

In-orbit Checkout

International Research Institute for Climate and Society (Columbia
University)

International TOVS Working Group

Japan Aerospace Exploration Agency

Joint Center for Satellite Data Assimilation

Joint Experiments on Crop Assessment and Monitoring Initiative
Japan Meteorological Agency

Large-Scale Biosphere Atmosphere Experiment in Amazonia
Land Information System

Le Laboratoire des Sciences du Climat et 'Environnement, France
French Meteorological Service

Météo -France Centre National de Recherches Météorologiques
Microwave Imager/Sounder

Massachusettes Institute of Technology

North American Carbon Program

National Aeronautics and Space Administration

NASA Ames Research Center

NASA Earth Science Technology Office

NASA Goddard Earth Sciences Data and Information Services Center
NASA Goddard Institute for Space Studies

NASA Global Modeling and Assimilation Office

NASA Gravity Recovery and Climate Experiment

NASA Goddard Space Flight Center

NASA Headquarters

NASA Jet Propulsion Laboratory

NASA Marshall Space Flight Center

NASA Energy and Water Cycle Study

NASA Soil Moisture Active Passive mission

NASA SMAP Science Definition Team

NASA Tropical Rainfall Measuring Mission Microwave Imager
Navigation Canada

National Center for Atmospheric Research

National Drought Mitigation Center

National Hurricane Center

National Integrated Drought Information Service

National Institute of Health

National Oceanic and Atmospheric Administration

NOAA Cooperative Remote Sensing Science and Technology Center
NOAA National Environmental Satellite, Data, and Information
Service

NOAA/NESDIS Office of Systems Development
NOAA/NESDIS National Climate Data Center
NOAA/NESDIS/NCDC U.S. Climate Reference Network
NOAA/NESDIS Center for Satellite Applications and Research
NOAA National Hurricane Center

NOAA National/Naval Ice Center
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NOAA/NWS
NOAA/NWS/NCEP
NOAA/NWS/NCEP/CPC
NOAA/NWS/NCEP/EMC
NOAA/NWS/OHD
NOAA/NWS/RFC
NOAA/OAR
NOAA/OAR/ESRL
NOAA/RISA
NOAA/TOVS
NPOESS

NPP

NRC

NSIDC

OSU

RBM

RCMRD

SAC

SADC
SADC/FANR
SADC/RISDP

SDT
SERVIR-Africa
SMAP

SMOS

STM

TRL

UA

UF

UKMet

UM

UN

UN/FAO
UN/FAO/DLIS
UN/WEFP

UNESCO

UNH

US/ARL
US/ARL/ARO
USACE
USACE/ERDC
USACE/ERDC/CRREL
USACE/ERDC/TEC
USAID

USBOR

USCG

USDA

USDA/ARS
USDA/FAS
USDA/FAS/IPAD
USDA/FAS/JAWF

NOAA National Weather Service

NOAA National Centers for Environmental Prediction
NOAA/NCEP Climate Prediction Center
NOAA/NCEP Environmental Modeling Center

NOAA Office of Hydrologic Development
NOAA/NWS River Forecast Centers

NOAA Oceanic and Atmospheric Research
NOAA/OAR Earth Systems Research Laboratory
NOAA Regional Integrated Science and Assessments
NOAA TIROS Operational Vertical Sounder

National Polar-orbiting Operational Environmental Satellite System
Net Primary Productivity

National Research Council

National Snow and Ice Center

Ohio State University

Roll Back Malaria Partnership

Regional Center for Mapping of Resources and Development, Kenya
SMAP Applications Coordinator

Southern African Development Community

SADC Food, Agriculture and Natural Development
SADC Regional Indicative Strategic Development Plan
Science Definitions Team

System for Improved Environmental Decision Making for Africa
Soil Moisture Active and Passive

Soil Moisture and Ocean Salinity mission

Science Traceability Matrix

Technology Readiness Level

University of Arizona

University of Florida

United Kingdom Meteorological Office

University of Montana

United Nations

UN Food and Agriculture Organization

UN/FAO Desert Locust Information Service

UN World Food Program

UN Educational, Scientific and Cultural Organization
University of New Hampshire

U.S. Army Research Laboratory

US/ARL Army Research Office

US Army Corps of Engineers

USACE Engineer Research and Development Center
USACE/ERDC Cold Region Research and Engineering Laboratory
USACE/ERDC Topographic Engineering Center

US Agency for International Development

US Bureau of Reclamation

US Coast Guard

US Department of Agriculture

USDA Agricultural Research Service

USDA Foreign Agricultural Service

USDA/FAS International Production Assessment Division
USDA/FAS Joint Agricultural Weather Facility
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USDA/NASS
USDA/NRCS

USDA/NRCS/NWCC
USDA/NRCS/NWCC/SNOTEL
USDA/NRCS/SSURGO
USDA/NRCS/STATSGO

USDA/RMA
USDA/RSCC
USEPA

USFS
USFWS
USGS
USNRL

WB

WB/ARD
WCRP
WCRP/GEWEX
WGA

WHO

WMO

WRI, Ethiopia

USDA National Agricultural Statistic Service
USDA National Resources Conservation Service
USDA NRCS National Water and Climate Center
USDA/NRCS/NWCC SNOwpack TELemetry
Soil Survey Geographic Database

State Soil Geographic Database

USDA Risk Management Agency

USDA Remote Sensing Coordinating Committee
US Environmental Protection Agency

US Forest Service

US Fisheries and Wildlife Service

US Geological Survey

US Naval Research Laboratory

World Bank

WB Agriculture and Rural Development

World Climate Research Programme

WCRP Global Energy and Water Cycle Experiment
Western Governors’ Association

World Health Organization

World Meteorological Organization

World Resources Institute
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