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Measurement Space-Based Recommen-
dations and Status

In situ Recommendations 
and Status Rationale Linkages

Air Quality 
(gases and 
aerosols)

For space-based observations, the 
top operational and research need 
is more frequent and finer spatial 
resolution data. This could be done 
in coordination with any development 
and deployment of other geostation-
ary or low-Earth orbit capabilities by 
international partners. NASA should 
proceed with the NRC Decadal 
Survey mission Geostationary Coastal 
and Air Pollution Events (GEOCAPE) 
after 2020.

NOAA should work towards 
implementing the recommendations 
of the 2004 NRC report, Air Quality 
Management in the United States. This 
report calls for enhancing the existent 
ground-based monitoring network 
by redistribution of current assets, 
prioritizing additional locations, deploy-
ing new technologies, and developing 
complementary capabilities to observe 
vertical profiles and utilize satellite 
observations. Have EPA sustain and 
advance current infrastructure such as 
the National Air Monitoring Stations/
State and Local Air Monitoring Stations 
(NAMS/SLAMS), the National Core 
Multipollutant Monitoring Network, 
and the Photochemical Assessment 
Monitoring Stations (PAMS) with funds 
proposed in the 2011 Budget. Work 
towards implementing the recom-
mendation contained in the 2008 
NRC report, Observing Weather and 
Climate from the Ground Up: A Nation-
wide Network of Networks, to develop 
a surface-based mesoscale observing 
system to measure atmospheric 
pollutant composition. The recom-
mendations include carbon monoxide, 
sulfur dioxide, ozone, and particulate 
matter less than 2.5 microns in size 
at approximately 200 urban and rural 
sites (~175 km spacing).

An improved ground-based 
monitoring network integrated with 
observations from geostationary Earth 
orbit, low Earth orbit, and suborbital 
platforms, as used by our national 
weather prediction system, is needed 
to derive a 4-dimensional view (3 
spatial plus temporal) of air quality 
and the processes that drive it.

Health, Air Pollution, Climate, Wildfire



Measurement Space-Based Recommen-
dations and Status

In situ Recommendations 
and Status Rationale Linkages

Biodiversity See Landscape Characterization/
Vegetation

Support the Smithsonian Institution 
Global Earth Observatories (SIGEO), 
the National Ecological Observatory 
Network (NEON), the Long Term 
Ecological Research (LTER), and 
Experimental Forests and Ranges 
(EFR). Ensure the continuity of trend-
ing data collection programs like the 
Forest Service’s Forest Inventory and 
Analysis (FIA) Program and the Natu-
ral Resources Conservation Service’s 
National Resources Inventory (NRI). 
Continue to support NOAA’s ocean 
and coasltal living marine resoure 
and ecological/ecosystem surveys. 
The 2011 Budget provides funding to 
sustain the above programs.

In situ data are critical to measure 
ecosystem processes and distur-
bances such as invasive species, 
wildland fires, and altered phenology 
patterns. Existing programs such as 
the Global Biodiversity Information 
Facility, the Forest Inventory and 
Analysis (FIA) Program, and the Na-
tional Resources Inventory (NRI) are 
vital in monitoring such ecosystem 
processes and effects, and assess 
their natural range of variations in 
relation to ongoing climate change 
and land management activities. 
Developing a National Phenology 
Network would strongly complement 
these activities. These networks are 
effective for this purpose but are cur-
rently too limited in scope to provide 
maximum management effectiveness 
and decision support.

Marine ecosystems are managed 
under a number of Federal statutes 
including the Magnuson Stevens 
Fishery Conservation and manage-
ment Act, the Marine Mammal 
Protection Act, the Endangered Spe-
cies Act, the Coral Reef Conservation 
Act, the National Marine sanctuaries 
Act, and others. All of these statutes 
have observing requirements to 
assure adequate protections for the 
nation’s marine resources.

Ecosystems, Pharmaceuticals, 
Climate, Agriculture, Health 

Clouds/
Aerosols

NASA is scheduled to launch Glory 
in 2010, a mission to measure black 
carbon soot and other aerosols. 
NASA currently has the option of pro-
ceeding with the NRC Decadal Survey 
Aerosol-Cloud-Ecosystems mission, a 
dedicated aerosol and cloud mission 
in combination with an ocean color 
instrument, after 2020. The 2011 
Budget proposes an augmentation for 
development of an ocean color and 
clouds/aerosols polarimetry mission 
(launch in 2018) to bridge between 
existing on-orbit missions and the 
future, more capable ACE. NOAA and 
NASA should work toward producing 
a VIIRS JPSS imager capable of 
continuing MODIS’ cloud climate data 
records.

Expand the Department of Energy’s 
Atmospheric Radiation Measurement 
(ARM) Climate Research Facility 
(ACRF) ground networks and NASA’s 
AErosol RObotic NETwork (AERONET) 
and Micro-Pulse Lidar Network 
(MPLNET). The 2011 Budget supports 
these efforts. NOAA should continue 
its measurement programs to reduce 
uncertainty in radiative forcing owing 
to both direct and indirect aerosol 
effects. These currently constitute the 
largest uncertainty in overall radiative 
forcing by gases and particles. This 
includes monitoring aerosol proper-
ties, distributions, and optical depth 
globally from ground and air-based 
systems, as well as targeted field 
missions. It also requires coordination 
of measurements internationally 
through WMO Global Atmospheric 
Watch (WMO/GAW), the Network for 
Detection of Atmospheric composition 
Change (NDACC), and the Global 
Climate Observing System (GCOS).

There is a potential degradation in 
global aerosol satellite measurements 
due to the inferior performance of the 
VIIRS instrument’s aerosol channels 
and no near-term replacement for 
the Multi-angle Imaging Spectro-
Radiometer (MISR) instrument on 
NASA’s Terra satellite. In situ aerosol 
measurements from the AERONET 
autonomous network, and cloud, 
aerosol, precipitation, and radiation 
observations from the ACRF network 
are key in addressing high-priority 
climate change questions.

Weather Forecasting, Earth Radiation 
Budget, Climate, Water Availability, 
Solar Energy Resources



Measurement Space-Based Recommen-
dations and Status

In situ Recommendations 
and Status Rationale Linkages

Coastal Zone Continue to support existing systems. Support the Integrated Ocean 
Observing System (IOOS) to maintain 
observations and networks to sup-
port coastal climate mitigation and 
adaptation, human health threats, 
and ecosystem management. Key 
components include buoy and coastal 
station networks, high frequency 
coastal radars, the development of 
in situ sensors for rapid detection of 
pathogens, harmful algae, and toxins, 
and exploitation of new cost-effective 
technologies such as ocean gliders. 
Improve the capability for assessing 
hypoxia and its impacts by prioritizing 
the number of observation systems 
(platforms and gliders) measuring dis-
solved oxygen in coastal waters. The 
2011 budget supports these efforts.

With coastal development continuing 
at a rapid pace, society is becoming 
increasingly vulnerable to water qual-
ity issues, and sea level rise. While 
the oceans provide resources critical 
to human survival and well-being, 
they also pose dangers. At present 
there are major gaps in our capabil-
ity to provide timely and accurate 
measurements of waterborne patho-
gens, toxic algae, and other toxins. 
Automated monitoring of coastal 
environments can provide real-time 
or near-real-time data at spatial and 
temporal scales not possible with 
current monitoring networks. There 
are also near-shore measurement 
gaps in winds, temperature, salinity, 
waves, and currents on time and 
space scales relevant to the dynam-
ics of waterborne pathogens and 
harmful algae, as well as to naviga-
tion and safety of port operations. 
Finally, there are gaps in our ability to 
measure nutrient sources, combined 
sewer outfalls, and other point and 
non-point contamination sources 
along the coasts.

Coastal Ocean Health, Human Health, 
Climate, Disasters

Earth 
Radiation 
Budget/
Total Solar 
Irradiance

NASA should continue plans to 
launch Glory in 2010, a mission to 
observe aerosols and total solar irra-
diance, the latter with a continuation 
of the SORCE TIM instrument. NOAA 
and NASA should continue develop-
ment and remanifestation of Clouds 
and the Earth’s Radiant Energy 
System (CERES) for Earth radiation 
budget data on NPP and JPSS, and 
launch the remanifested Total Solar 
Irradiance Sensor (TSIS) as soon as 
a launch vehicle has been identified 
by the JPSS program. CERES is now 
scheduled to fly on the first JPSS 
satellite; options for carrying TSIS on 
orbit are under review.

Maintain and expand the AErosol 
RObotic NETwork (AERONET) and the 
Department of Energy’s Atmospheric 
Radiation Measurement (ARM) Cli-
mate Research Facility (ACRF) ground 
networks. NOAA and DOE should 
continue their support of the Baseline 
Surface Radiation Network, the 
Surface Energy Budget Network, and 
other surface radiation measurements 
to provide independent information 
on trends, distributions, and fluxes of 
radiant energy, and to aid in validating 
satellite retrievals. International activi-
ties should be continued to ensure 
global coverage and consistency of 
measurements. The 2011 Budget 
supports these efforts.

Solar radiant energy is the major 
driver of the Earth’s climate. The 
input of energy from the sun is 
understood increasingly well since 
total solar irradiance measurements 
from space began in 1978. This 
measurement must be continued, as 
it is the main driver of climate and 
the only source of climate variability 
that we have been able to measure. 
The amount of radiation leaving the 
Earth through the complex system 
of clouds, aerosols, atmospheric 
constituents, oceans, ice, and land 
surfaces provides a quantitative, 
system level check of global climate 
model results. Accurate measure-
ments of the Earth’s radiation budget 
have also been made since 1978 
from satellite instruments designed 
for this purpose. There are currently 
potential gaps in the continuity of 
these measurements.

Climate, Weather Forecasting, Solar 
Renewable Energy



Measurement Space-Based Recommen-
dations and Status

In situ Recommendations 
and Status Rationale Linkages

Fires Ensure the VIIRS instrument is suf-
ficient for maintaining the fire climate 
data record. A spatial resolution to 
100 meters for visible/infrared bands, 
and 500 meters for the thermal 
bands, with coverage every 6 hours is 
highly desirable. Develop LDCM data 
at a 30 meter spatial resolution.

Support the continued develop-
ment and deployment of in situ fire 
monitoring capabilities and sensors 
for manned and unmanned aerial 
platforms supporting tactical fire 
management and fire research at 
USDA, NIST, and NOAA.

There is a potential degradation 
in capability in satellite-based fire 
detection and monitoring. Manned 
aircraft are an important data source 
for tactical fire information such as 
active fire perimeters, hotspots, and 
fire spread; information that is critical 
for incident management. Unmanned 
aircraft are a useful capability.

Disasters, Wildfires, Public Safety, 
Forestry, Ecosystems

GeoHazard 
and 
Deformation 
Monitoring

NASA should launch the radar portion 
of the NRC Decadal Survey mission 
Deformation, Ecosystem Structure, 
and Dynamics of Ice (DESDynI) mis-
sion. If necessary, the lidar and radar 
instruments on DESDynI can be flown 
on different platforms. The L-Band 
Interferometric Synthetic Aperture 
Radar (InSAR) will provide surface de-
formation measurements. The 2011 
Budget provides an augmentation 
over previous budget plans for NASA 
to launch DESDynI mission in 2017.

For surface deformation, sustain the 
geodetic monitoring capabilities of 
Earthscope. For earthquakes and 
tsunami, implement the Advanced 
National Seismic System (ANSS), and 
sustain the capabilities of the Global 
Seismographic Network (GSN). Expand 
the number of offshore seismic nodes 
in the Ocean Observatories Initiative 
(OOI). For volcanic activity, USGS is 
implementing the National Volcano 
Early Warning System (NVEWS). For 
the geodetic reference frame, sustain 
the U.S. supported capabilities of the 
Global Navigation Satellite System 
(GNSS) network. The 2011 Budget 
provides funding to support these 
efforts. It also provides an increase 
to USGS to invest in the Advanced 
National Seismic System and National 
Volcano Early Warning System.

Represents a major gap. High-resolu-
tion digital topography is a key unmet 
need for many disasters, including 
earthquakes, volcanic eruptions and 
landslides. Currently there is no global 
capability to monitor changes to 
topography (deformation). The seismic 
and volcano monitoring networks 
suffer gaps and inadequate refresh 
of aging infrastructure. A program for 
improved monitoring of volcanoes, 
the National Volcano Early Warning 
System, has been developed.

Disasters, Earthquakes, Volcanoes, 
Landslides, Polar Ice Sheets

Gravity NASA should sustain observations 
of the time-varying gravity field from 
the Gravity Recovery and Climate 
Experiment (GRACE-1) and launch 
GRACE-FO in 2016 (“FO” for “Follow 
ON”), a gap-filler mission with the 
same capabilities and characteristics 
as GRACE-1. The 2011 Budget 
provides funding for GRACE FO to be 
launched in 2016. NASA should plan 
for a follow-on GRACE-2 mission in 
2020 to continue estimating changes 
in ocean mass, terrestrial water stor-
age, and ice sheet mass.

NOAA’s Gravity for the Redefinition of 
the American Vertical Datum (GRAV-
D) program has the goal of collecting 
gravity data for a new national vertical 
datum by 2023 which will allow im-
provement in elevations through GPS 
technology to an accuracy of ~2cm 
compared to 2m today, with profound 
implications for all activities relying 
on accurate heights. Sustain NOAA’s 
Deep-ocean Assessment and Report-
ing of Tsunamis (DART) network of 
ocean bottom pressure recorders. 
These data are crucial for calibrating 
GRACE gravity field measurements. 
The 2011 Budget provides funding 
for NOAA to continue the GRAV-D 
FY10 initiative and to improve the 
DART network.

Gravity measurements provide 
breakthrough capability in estimating 
changes in ocean mass, terrestrial 
water storage, and ice sheet mass. 
Continuity of gravity observations is 
crucial for climate understanding.

Climate, Water Availability, Oceans, 
Polar Ice Sheets



Measurement Space-Based Recommen-
dations and Status

In situ Recommendations 
and Status Rationale Linkages

Greenhouse 
Gases

NASA should launch a replacement 
for the Orbiting Carbon Observatory 
(OCO), lost in February 2009, in 2013 
and build a spare OCO instrument for 
possible launch in 2015-2017. The 
outcome of the OCO mission should 
be used to evaluate the technical 
approach for the next generation 
greenhouse gas sensors. The 2011 
Budget proposes to launch the OCO-
2 in 2013 and proposes $171 million 
in FY 2011 for the mission. NASA 
should plan to evaluate different laser 
sounder instruments for measuring 
atmospheric CO2 as called for in the 
ASCENDS Decadal Survey mission. 
The laser CO2 sounder instruments 
could complement OCO and provide 
a great density of measurements 
through their day and night duty 
cycle. NASA may consider additional 
testing that could include aircraft or 
other platforms to mitigate risk. NASA 
should also undertake research to 
monitor CH4 from space.

Support NOAA’s ground and 
air-based measurements of green-
house gases to provide accurate, 
independent measures of the trends, 
distributions and fluxes of CO2 and 
other greenhouse gases (e.g., N2O, 
CH4, halocarbons), to aid in verifying 
satellite retrievals, and to provide 
needed information on trace gases 
for refining transport models and 
emission sources. Support NOAA’s 
measurements of carbon and dis-
solved oxygen from ocean carbon 
survey vessels and on a subset 
of the Argo float array to further 
understand carbon sequestration 
and carbon cycle-climate feedbacks 
and ocean acidification. Support 
ship-based efforts to systemati-
cally collect full water column data 
on ocean carbon, such as the U.S. 
Global Ocean Carbon and Repeat 
Hydrography Program. Support the 
interagency AmeriFlux network that 
provides continuous observations of 
ecosystem level exchanges of CO2, 
water, energy and momentum span-
ning diurnal, synoptic, seasonal, and 
interannual time scales and is cur-
rently composed of sites from North 
America, Central America, and South 
America. NOAA and NASA should 
continue their support of international 
coordinating mechanisms through 
WMO (particularly Global Atmospheric 
Watch), Global Climate Observing 
System and its supporting panels, 
and the intergovernmental Group on 
Earth Observations (GEO) to ensure 
that global observing systems are 
coordinated and comparable and 
to maximize benefit of international 
observing systems.

Greenhouse gases are key elements 
of the global climate system. The 50-
year record of atmospheric carbon 
dioxide made by NOAA’s global coop-
erative air sampling network serves 
as the observational foundation of our 
understanding of how greenhouse 
gas concentrations are increasing. 
Atmospheric, terrestrial, and oceanic 
observations are essential for deter-
mining the functional relationships 
between carbon fluxes, disturbance, 
and environmental variables is 
essential to improving understanding 
of the carbon cycle. It is known that 
the ocean stores at least 50 times 
more carbon than the atmosphere. 
Understanding the global carbon 
cycle depends on monitoring carbon 
cycling within the ocean and the 
air-sea exchange of carbon dioxide. 
Carbon up-take by the ocean is 
altering the acidity of seawater, which 
is threatening marine animals. Ter-
restrial ecosystems contain 4 times 
the carbon residing in the global 
atmosphere. Terrestrial carbon stocks 
located on or near the earth’s surface 
are subject to rapidly changing global 
environmental conditions. A focus 
of terrestrial carbon cycle research 
remains the determination of the fate 
and rate of net carbon release from 
ecosystems under projected rapid 
rates of climate change.

Climate, Health, Ecosystems



Measurement Space-Based Recommen-
dations and Status

In situ Recommendations 
and Status Rationale Linkages

Landscape 
Characterization/
Vegetation

Continue improvements to the Visible/
Infrared Imagery Radiometer Suite 
(VIIRS) instrument scheduled to be 
deployed on NPP and JPSS.

Evaluate an operational moderate-
resolution satellite program that 
would meet the land imaging needs 
of U.S. civil agencies and society, in 
accordance with the OSTP-led Future 
of Land Imaging Interagency Working 
Group’s recommendations in the 2007 
document “A Plan for a U.S. National 
Land Imaging Program.” Planning for 
Landsat-9 is being undertaken by the 
USGS and NASA, in cooperation with 
other stake-holders. This planning, 
however, must look beyond Landsat 
9 and lay out requirements for an 
operational Landsat program. Recom-
mendations for future Landsat-like 
instruments include a spatial resolution 
of at most 20 meters, at least a 5-day 
repeat cycle, increased daily acquisition 
rates, and possibly additional visual 
shortwave infrared and thermal infrared 
spectral bands. Additional higher 
spatial-resolution imagery will still be 
required to understand field-level con-
ditions. These data could be acquired 
from commercial sources, or by the 
Federal government if the commercial 
sources do not meet requirements. 
NASA and USGS are moving forward 
toward an LDCM launch in 2012.

NASA plans to launch the Deformation, 
Ecosystem Structure, and Dynamics 
of Ice (DESDynI) mission in 2017 to 
provide canopy height and structure 
measurements. DESDynI is an impor-
tant carbon cycle climate mission for 
providing forest biomass and carbon 
globally. As such, it will be key to 
identifying the forest carbon sink of 
~30% of current global CO2 emissions. 
In addition, it will provide laser altimetry 
and SAR data from ice sheets. If neces-
sary, the DESDynI lidar and DESDynI 
radar could be separated and flown on 
different platforms.

The 2011 Budget requests a $679 
million increase for the JPSS program 
that includes continued development of 
VIIRS toward a target delivery date of FY 
2013. It also requests a $13.35 million 
increase to the USGS to accommodate 
ground system requirements changes 
for LDCM.

Sustain the National Agriculture 
Imagery Program (NAIP) and the 
follow-on program Imagery for the 
Nation (IFTN). The 2011 Budget 
continues NAIP.

There is an imminent gap in the 
Landsat series of satellites. Landsat 
has provided land images used 
for global land cover mapping, 
estimating agricultural production, 
and estimating forest diversity. The 
utility and importance of moderate-
resolution land imaging data have 
been well proven but the Nation has 
no permanent, operational Landsat-
like land-imaging program. The 
current Landsat 5 and 7 missions are 
already past their nominal design life, 
and the next Landsat in the series, 
the Landsat Data Continuity Mission 
(LDCM), is not expected to launch 
until late 2012. The looming gap in 
this 38-year record will impact not 
only agriculture and forestry, but 
also our understanding of the carbon 
cycle, and ecosystem monitoring.

Science missions, which by their 
nature do not provide sustained data 
over time, are not a reliable source of 
the earth observations that are critical 
to land-use and change research. 
Operational limitations coupled with 
the near certainty of a Landsat data 
gap have forced key traditional Land-
sat users like USDA to go outside the 
US to attempt to satisfy moderate-
resolution requirements.

Increased spatial and temporal 
resolution are critical to support 
sustainable agriculture. Scientists 
have been able to exploit data from 
sensors that were not intended for 
observations of the landscape, such 
as the Advanced Very High Resolu-
tion Radiometer (AVHRR) with its 
29-year record, and cross calibrate 
them with Landsat with its 38-year 
record and the Moderate Resolution 
Imaging Spectroradiometer (MODIS) 
with its 10-year record. The AVHRR-
MODIS time series will be continued 
by the VIIRS instruments on the NPP 
and JPSS.

Ecosystems, Climate, Agriculture,  
Disaster Response, Wildfire  
Assessment



Measurement Space-Based Recommen-
dations and Status

In situ Recommendations 
and Status Rationale Linkages

Ocean Color NOAA and NASA continue to pursue 
international partnerships (e.g., the 
European Space Agency (ESA), the 
Japanese Space Agency (JAXA), 
and the Indian Space Research 
Organization (ISRO)) to provide risk 
mitigation strategies for ocean color 
measurements. Should VIIRS not 
meet ocean color requirements, 
investigate improvements to VIIRS 
to meet this requirement. The 2011 
Budget provides an augmentation 
over previous budget plans for 
NASA to begin development of the 
Pre-Aerosol, Clouds, and Ocean 
Ecosystem (PACE) mission for launch 
in 2018. For the long term, proceed 
with the ocean color component of 
NASA’s ACE Decadal Survey mission 
as a potential complement to VIIRS. 
The option of a stand-alone mission 
that is a copy of SeaWiFS, or an 
international exchange of instruments 
on a joint space mission should only 
be pursued if VIIRS will not meet 
the requirement. When released, 
the results of the National Research 
Council Committee on Assessing 
Requirements for Sustained Ocean 
Color Research and Operations study 
should be used to refine the satellite 
strategy. The FY 2011 Budget 
includes a $679 million increase for 
the JPSS program.

Sustain the NASA-NOAA Marine Opti-
cal Buoy (MOBY) program and the 
AERONET-Maritime Aerosol Network. 
Ocean color in situ validation efforts 
and the intercomparison of ocean 
color measurements among satellite 
ocean color instruments depend on 
these observations, and the FY 2011 
Budget supports these programs.

Today’s satellite ocean color 
radiometry data form the backbone 
of assessing primary productivity 
and carbon cycling in the ocean, 
supporting fisheries and integrated 
ecosystem assessments, and mea-
suring and monitoring coastal and 
ocean habitat changes, and climate 
impacts. However, this continu-
ous and consistent climate-quality 
record is presently at risk of being 
interrupted. The SeaWiFS mission 
launched in 1997 has experienced 
“outages” during which data are 
not available. Similarly, the MODIS 
instrument on Aqua was launched 
in 2002 and, though currently in 
good health, is also past its expected 
lifetime. The follow-on ocean color 
instruments are the VIIRS instruments 
on NPP and JPSS. It is presently 
unclear if the first VIIRS sensor will 
have the same capability as SeaWiFS, 
however, subsequent VIIRS units may 
reestablish the data record and this 
is the desired source of ocean color 
climate data records. 

Climate, Health, Oceans

Ocean 
Surface 
Vector Winds 
(OSVW)

NOAA and NASA should establish a 
sustained source for OSVW informa-
tion to maintain and improve upon 
the significant gains in operational 
marine wind forecasting and warning 
capability realized from the QuikSCAT 
OSVW data. International partner-
ships may also provide cost-effective 
opportunities to sustain this capability.

Maintain the airborne Stepped 
Frequency Microwave Radiometer 
(SFMR) capability aboard the Hur-
ricane Hunter WC-130J and NOAA’s 
P-3 aircraft, and support follow-on 
technologies such as the Hurricane 
Intensity Radiometer (HIRAD) which 
shows promise to provide improved 
prediction of hurricane intensity and 
will provide measurements through 
precipitation. Maintain the existing 
array of fixed and drifting surface 
data buoys.

The value and capability of satellite-
based ocean surface vector winds 
(OSVW) measurements was clearly 
demonstrated with over nine years of 
nearly continuous OSVW data from 
the NASA’s polar orbiting QuikSCAT 
satellite. These measurements proved 
to be of important value for climate 
studies and revolutionized operational 
marine weather warnings, analyses, 
and forecasting within National 
Weather Service (NWS) offices. Qui-
kSCAT provided critical wind data that 
enabled NWS to significantly improve 
the accuracy of hurricane force wind 
warnings in the offshore regions of 
the Atlantic and Pacific oceans for 
non-tropical ocean storms, and for 
tropical storms in the Pacific Ocean.

Climate, Weather Forecasting,  
Transportation, Ocean, Hurricanes
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Precipitation NASA should launch the joint U.S. 
and Japan Global Precipitation 
Measurement (GPM) mission to 
reduce the likely gap in the rainfall 
measurement record provided by 
the Tropical Rainfall Measurement 
Mission (TRMM). The 2011 Budget 
provides an augmentation over previ-
ous budget plans for NASA to launch 
the GPM mission in 2013.

Sustain NOAA’s U.S. Climate Refer-
ence Network (USCRN) and continue 
work on NOAA’s Surface Energy Bud-
get Network (SEBN) and the Historical 
Climatology Network-Modernization 
(HCN-M) to provide ground-based pre-
cipitation measurements. Maintain the 
Nation’s NEXRAD network and move 
toward a dual polarization capability for 
NEXRAD. Dual polarization will provide 
the capability to discriminate between 
precipitation types and provide a 
significant improvement in estimating 
rainfall rates. Support the Department 
of Energy’s Atmospheric Radiation 
Measurement (ARM) Climate Research 
Facility (ACRF) ground networks. 
ACRF’s addition of new scanning pre-
cipitation radars as well as scanning 
dual frequency cloud radars provides 
a strong capability for characterizing 
cloud properties and linking with pre-
cipitation processes. The 2011 Budget 
supports the new DOE capabilities and 
proposes additional NEXRAD funding 
for acquisition and deployment of Dual 
polarization technology.

Precipitation is the centerpiece of 
our planet’s hydrological cycle, and 
understanding it is crucial to unravel-
ing many of the uncertainties about 
climate change and its impacts. 
Precipitation measurements are also 
critical for flood and landslide predic-
tion, agricultural productivity, spread 
of disease, ecosystem health, water 
availability, and energy production. 
There is currently a looming gap of 
satellite measurement beyond the 
Tropical Rainfall Measurement Mis-
sion (TRMM).

Weather Forecasting, Flooding, 
Landslides, Climate, Agriculture, 
Disease Vectors, Water Availability, 
Ecosystem Health, Hydroelectric and 
Biomass Renewable Energy Produc-
tion, Disasters



Measurement Space-Based Recommen-
dations and Status

In situ Recommendations 
and Status Rationale Linkages

Sea Level The sea level rise problem requires a 
comprehensive observing system ap-
proach, built around the measurement 
of sea level and the contributions to 
sea level change from both mass and 
density changes. NOAA and EUMETSAT 
should continue their Jason partnership 
by extending the current generation 
of altimeters with Jason-3, scheduled 
for launch in 2013, and Jason-CS, a 
series of advanced follow-on missions 
beginning in 2018. NOAA should also 
continue, working in collaboration with 
other space agencies through the 
CEOS Ocean Surface Topography Vir-
tual Constellation to ensure maximum 
benefit from the set of international sea 
level altimeter missions.

To determine the mass contributions 
from the melting of grounded ice and 
other continental sources, NASA should 
continue the GRACE gravity measure-
ments (see Gravity Section), launch Ice, 
Cloud, and land Elevation Satellite-2 
(ICESat-2) in 2015, proceed with 
the Landsat Data Continuity Mission 
(LDCM) and DESDynI radar mission to 
measure outlet glacier velocities, and 
proceed with the DESDynI lidar mission 
to continue beyond ICESat-2 crucial 
altimetry of ice sheets.

The FY 2011 Budget fully funds 
Jason-3.

In conjunction with the Jason 
program, it is important to maintain 
the 220+ sea-level tide gauges, the 
U.S. portion of the integrated Global 
Ocean Observing System (GOOS), 
and incorporate Global Positioning 
System (GPS) capability. Tide gauge 
observations are essential for cali-
brating altimeter observations and, 
in some cases, provide a long (100 
year) record useful for interpreting 
current trends. And, to monitor and 
understand the density contributions 
to sea level change, it is important 
that NOAA continue supporting the 
Argo float array to monitor heat in 
the upper ocean, add a capability to 
provide deep ocean (>2000 down to 
5000 m) profile measurements, and 
deploy real-time-reporting ocean-
bottom-mounted arrays to monitor 
changing ocean circulation and global 
heat transport. 

Rising sea level is critical to coastal 
population safety and welfare, to 
predicting storm surge and coastal 
inundation from tropical storms, and 
for maritime safety of navigation. 
In situ measurements are needed to 
understand the underlying cause and 
rate of sea level rise.

Climate Change, Coastal Develop-
ment and Safety, Disasters, 
Commerce and Marine Transportation

Soil Moisture The European Space Agency has 
recently launched and is success-
fully operating the Soil Moisture 
and Ocean Salinity (SMOS) mission. 
Proceed with the NASA Soil Moisture 
Active-Passive (SMAP) mission to 
augment this urgently needed data 
record. The 2011 Budget provides an 
augmentation over previous budget 
plans for NASA to launch the SMAP 
mission in 2014. 

Sustain NOAA’s U.S. Climate Refer-
ence Network (USCRN) and USDA’s 
Soil Climate Analysis Network (SCAN) 
in situ soil moisture networks. Work 
to implement the 2008 National 
Research Council recommendation 
of a national, real-time network of 
soil moisture observations at ap-
proximately 3000 sites. 

There is a strong potential to signifi-
cantly advance in long-range weather 
and seasonal forecasting. Global 
soil moisture measurements can 
provide improved early warning and 
decision support for droughts, better 
predictions of agricultural productivity, 
and improved flood forecasts. Key 
indicator for heat stress, waterborne 
infectious diseases, disease vectors, 
and zoonotic diseases.

Agriculture, Drought, Flooding, 
Weather and Climate Forecasting, 
Water Cycle Processes, Disease 
Vectors, Health, Biomass Renewable 
Energy

Solar 
Wind and 
Magnetic 
Storms

Refurbish the Deep Space Climate 
Observatory (DSCOVR) satellite and 
its solar wind sensors to replace 
the Advanced Composition Explorer 
(ACE) capability. The 2011 Budget 
provides NOAA $9.5 million for the 
DSCOVR mission.

USGS should modernize the ground-
based geomagnetic observatories.

It is important to maintain the 
continuity of advanced warning 
of geomagnetic storms impacting 
power grids, satellite operations and 
communications.

Energy, Disaster, Communications, 
Satellite Operations



Measurement Space-Based Recommen-
dations and Status

In situ Recommendations 
and Status Rationale Linkages

Water 
Quantity and 
Quality

NASA should continue its observa-
tions of gravity fields from GRACE-1 
and follow-on gravity missions 
for ground water storage and ice 
sheet mass variations. In addition, 
NOAA and NASA seek international 
partnerships to complement JPSS’s 
ability to understand ground water 
and snow water equivalent (e.g., the 
AMSR-2/3 instruments on JAXA’s 
GCOM mission).

Support the modernization of the 
Nation’s 7,000 stream gauges by 
replacing obsolete telemetry to en-
sure continued real-time operations 
and provide more timely information 
needed for better water manage-
ment. Consider supplying more 
opportunities to study large river ba-
sins. Investigate and implement new 
technologies to measure sediment 
in rivers. Also support the Advisory 
Committee on Water Information, 
and the National Water Quality 
Monitoring Council plan for sustain-
ing and enhancing the Nation’s 
capability to monitor water quality. 
Continue to improve snow moisture 
measurements such as SNOwpack 
TELemetry (SNOTEL) and the NOAA 
Operational Hydrology Program to 
increase understanding of source 
water from snow and runoff. The FY 
2011 Budget supports these efforts 
through the WaterSMART initiative, 
which invests an additional $9 million 
for a multi-year, nationwide study of 
water availability and use.

Full understanding of the quantity and 
quality of our waters, and particularly 
our ability to locate problems and 
provide timely and accurate warning 
to the public depends on a robust 
monitorning system.

Water Availability, Water Quality, 
Flood, Streamflow, Water Resources 
Forecasting, Health, Agriculture, 
Hydroelectric and Biomass Renew-
able Energy Production, Sustainable 
Growth










































































