Societal Benefits from NOAA
Environmental Satellites

Mary E. Kicza

National Oceanic & Atmospheric Administration | NOAA

NESDIS Assistant Administrator
February 3, 2014




e Overview of NESDIS and how our information
drives decisions

e The latest generation of NOAA satellites
including JPSS, GOES-R and international
partnerships

e Examples of how using satellite data benefits
agriculture, weather forecasting, and
monitoring ice, fires, volcanic eruptions,
oceans, coasts and flooding
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Presentation Notes
The purpose of today’s presentation is to show how the Nation runs on environmental satellites, and how the products and services derived from satellite data influence decisions made every day by individuals, businesses, and communities.

First, an overview of NESDIS’ mission and how information drives decisions

Second, the latest generation of NOAA satellites including JPSS, GOES-R and international partnerships and the next generation of satellites 
instruments that will be operational in the coming years.

Third, examples how using satellite data benefits agriculture, weather forecasting, and monitoring ice, fires, volcanic eruptions, oceans, coasts and flooding.



Science, Service, Stewardship

O To understand and predict
changes in climate, weather,
oceans and coasts

O To share that knowledge and
information with others

O To conserve and manage coastal
and marine ecosystems and
resources

Dedicated to providing timely access
to global environmental data from
satellites and other sources to
promote and enhance the Nation’s
economy, security, environment and
quality of life:

O Acquires and manages the Nation’s
environmental satellites

O Operates the NOAA National Data
Centers

O Provides data and information services
including Earth system monitoring

O Performs official assessments of the
environment and conducts related
research
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We support NOAA’s mission of science, stewardship and service with our own dedication to providing timely access to global environmental data from satellites and other sources to promote, protect and enhance the Nation's economy, security, environment and quality of life. To fulfill its responsibilities, NESDIS acquires and manages the Nation's operational environmental satellites, operates the NOAA National Data Centers, provides data and information services including Earth system monitoring, performs official assessments of the environment, and conducts related research.

NESDIS environmental satellite observations provide important contributions to U.S. national security by providing military users with real-time and near-real-time observations for their aircraft, ships, ground forces and facilities worldwide.

NESDIS also contributes to the national economy by providing environmental data that support resource management of energy, water, global food supplies and other economic and environmental resources.



Two Orbits, One Mission
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The backbone of NESDIS is its satellite program which supports satellite in two orbits – polar-orbiting and geostationary.

Polar-orbiting satellites each cover the Earth twice per day. 
The pole-to-pole orbit is 102 minutes and views each location at the same time of day. 
This means there is global coverage every 12 hours with one satellite. 
Information from polar-orbiting satellites is used for mid-range 3-7 day advanced warnings of severe weather; and environmental imaging and monitoring for short term polar weather and global ocean and atmosphere forecasting/monitoring.

Geostationary satellites continuously monitor the Western Hemisphere. 
They provide the same geographic image over time, with a full image every 30 minutes and Northern Hemisphere images every 15 minutes.
The usable images are between 60°N and 60°S. 
Information from geostationary satellites is used for short-term weather forecasting and severe storm warning/tracking.



Information drives decisions

A bad environmental decision can
impact lives, property and
segments of the economy for
years.

What if there were no weather
warnings or forecasts, tsunami and
flood alerts, fire and drought
reports and predictions, ice
monitoring or harmful algal bloom
assessments?

Better information is usually tied to
better observations, modeling and
computer resources.

Decision support tools are
essential and information must be
easy to comprehend.
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Information, including observational data from NESDIS satellites and data from NESDIS line offices, helps drive decisions that lead to better modeling, predicting, and better support. We need NOAA satellites to make decisions that impact the whole nation.
A bad environmental decision can impact lives, property and segments of the economy for years.
What if there were no weather warnings or forecasts, tsunami and flood alerts, fire and drought reports and predictions, ice monitoring or harmful algal bloom assessments?
Better information is usually tied to better observations, modeling and computer resources.
Decision support tools are essential and information must be easy to comprehend.


Satellite Products that Support
Agricultural Decisions

e Vegetation health products
e Soil moisture, land surface temperature
e Landtype
— arid vs. semi arid
* Snow cover and snow water equivalent
— water resources
e Precipitation

— especially important for areas
without radar

e Global assessments and historical
perspective

Drought affects Global Food Security by
‘ reducing agricultural production below
‘ consumption. Since 2000, this occurred 8

. years out of 13.
\e

Examples of Decisions from Drought
Assessments and Predictions

e When and what to plant

e Plant density

e |rrigation timing and amount

e Pesticides and fertilization

e Expected yield and harvesting decisions
e |mpacts on livestock

e Anticipate productivity
e Global, Regional vs. local purchasing

e Anticipated drought regions
* Impact on communities
e Planning relief efforts
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Satellite products support agricultural decisions. 
These products include: vegetation health products, soil saturation, land surface temperature, land type - arid vs. semi arid, snow cover and snow water equivalent - water resources, precipitation (which is especially important for areas without radar), global assessments and historical perspective
 
One of the major areas where this is crucial is drought monitoring. Drought is the biggest threat to agricultural production around the world, and the average annual cost of drought in the U.S. is around $6 billion. Weather stations alone cannot provide enough data for entire regions affected by drought, so polar-orbiting satellite observations (along with ground measurements and climate analysis) are crucial for mitigating drought consequences. NOAA monitors drought conditions (area, intensity, duration) and their effects, predicts future droughts, and assists in response and mitigation efforts. 

Examples of Decisions from Drought Assessments and Predictions:
For farmers: when and what to plant, plant density, irrigation timing and amount, pesticides and fertilization, expected yield and harvesting decisions, impacts on livestock 
For buyers: anticipate productivity; global vs. regional vs. local purchasing
For humanitarian efforts: anticipated drought regions, impact on communities, planning relief efforts




Vegetation Health from AVHRR

IMPACTS:
U.S. corn production in 2010
Hit a record high.

u.S. Corn Beit

o the total States not

Wheat was down 27% in
Russia, 32% in Kazakhstan,
and 19% in the Ukraine.

Texas cotton production fell
by more than half, from 7.84
million bales in 2010 to 3.5
million in 2011.
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http://www.agmanager.info/marketing/outlook/newletters/archives/GRAIN-OUTLOOK_08-13-10.pdf

To show exactly how satellites play a role in agriculture, look at this vegetation health data from AVHRR. It shows vegetation health in terms of stressed over favorable conditions, so we can see exactly why corn production in the U.S. hit a record high in 2010, whereas wheat production in Russia, Kazakhstan and the Ukraine went down.

We learn from data. The 2011 drought in Texas was as large as the drought in the same region in 1996. The impacts of the 1996 drought are likely to appear again in 2011, so with the data indicating the severity of the drought, actions can be taken to mitigate impacts.

The new VIIRS instrument (seen shortly) on Suomi NPP will continue the legacy and improve vegetation health data collection with new products and improved resolution.
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Next-Generation JPSS and GOES-R
Advantages

JPSS

CrlIS: significantly improved
temperature and water vapor
information than POES HIRS

ATMS: improved global coverage
and spatial resolution than AMSU

VIIRS: superior imagery and more
spectral bands than AVHRR

OMPS: improved spatial
resolution, coverage and vertical
profiling than SBUV

CERES and TSIS: for fundamental
energy budget climate
measurements

JPSS-1 Launch: 2Q FY2017
JPSS-2 Launch: 1Q FY 2022

|

GOES-R

ABI: superior imagery and more
spectral bands than the GOES
imager
— Improved temporal sampling,
CONUS every 5 minutes, full disk
every 15 minutes and selected 1000
x 1000 km area at 30 seconds
GLM: first ever geostationary
lightning mapper
SEISS/SUVI/EXIS: significantly
improved space weather coverage

— Monitors solar radiation, locates
solar flares and coronal mass
ejections, detects solar irradiance

GOES-R Launch: 2Q FY2016
GOES-S Launch: 3Q FY2017

With new instruments comes an increase in data and changes in data distribution.
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It is technological improvements like these that demonstrate the possibilities that the next generation of NOAA satellites will provide.

JPSS
CrIS, ATMS and VIIRS, along with the OMPS, CERES and TSIS instruments all show significant improvements in data collection over their legacy instruments. 
Our partnerships with Northrop Grumman (ATMS and CERES), ITT Exelis (CrIS), Ball (OMPS) and Raytheon (VIIRS) made this possible.

GOES-R
Along with ABI and GLM, the space weather instruments that will fly on GOES-R also show improved coverage for crucial space weather forecasting.
Our partnerships with ITT Exelis (ABI), LASP (EXIS), Lockheed Martin (GLM and SUVI) and ATC (SEISS) continue to make strides toward the GOES-R launch.

Data/Data Distribution
With these instruments comes an increase in data—multiple terabytes daily. NOAA is working towards enterprise solutions beginning with common (enterprise) data distribution via NOAA Product Distribution Access (PDA)  interface for real-time customers and from the NOAA CLASS archive for non-real-time users.
The NOAA Data Extrapolation (NDE) project, which has been performing efficiently and reliably delivering and distribution real time Suomi-NPP data since September 2013.
The long-term vision is for common algorithms and enterprise ground processing when it makes sense to do so, which will enable efficiencies and will reduce costs of development and maintenance
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Other NOAA/Partner Satellite Contributions

METOP

JPSS program (next-gen POES satellites)
implements U.S. civil commitment,
interagency and international agreements to
afford 3-orbit global coverage.

"

Following COSMIC, the GNSS-RO mission will
provide global radio-occultation
measurements of ionosphere, temperature
and water vapor information for weather

and climate applications.

a uatoria - .
g i GNSS-RO Launch: 2015/2016

JPSS and Metop: Complementary Orbits JASON-3 will continue the legacy of

altimetry measurements of sea-level, along
with supporting ocean circulation modeling &
and hurricane intensity predictions. "'ﬁ
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In order to maintain observational requirements, NOAA/NESDIS utilizes partnerships, not only with NASA and the US Air Force, but with international agencies as well. 

In clockwise order:
JPSS (next-gen POES satellites) implements U.S. civil commitment, interagency and international agreements—including EUMETSAT, CNES and JAXA (JPSS receives JAXA GCOM-W data at Svalbard and relays that to Japan)—to afford 3-orbit global coverage. 
Following COSMIC, the GNSS-RO mission—a partnership with Taiwan and the U.S. Air Force—will provide global radio-occultation measurements of ionosphere, temperature and water vapor information for weather and climate applications.
JASON-3 is a partnership with NASA, CNES and EUMETSAT that will continue the legacy of altimetry measurements of sea-level, along with supporting ocean circulation modeling and hurricane intensity predictions
DSCOVR—a partnership with NASA and USAF—will provide space weather observation from L1 orbit for up to 60 minute lead time and maintain the nation’s solar wind observations.



JPSS Next Generation Instruments

Advanced Technology Microwave Sounder
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ATMS and CrIS are advanced sounding instruments that improve atmospheric moisture observation and provide data on water vapor, clouds and precipitation. They operate together. Because clouds are opaque in the infrared part of the spectrum (measured by CrIS), ATMS is used to remove cloud contamination, making it possible to cover a broader range of weather conditions. 
ATMS offers more channels, higher resolution, wider swath of coverage, and much smaller gaps between passes than the legacy AMSU. It provides temperature and moisture profiles in all sky conditions, and rain intensity in storms. 	
ATMS oversampling and improved spatial resolution provide better information on the warm core associated with storm intensity. Increased horizontal resolution is potentially beneficial for high gradient phenomena like hurricanes.
CrIS is a hyperspectral infrared sounder that provides temperature and moisture profiles with 6x more vertical resolving power than previous NOAA infrared sounders. A single hyperspectral IR sounder provides the largest improvement to forecast skill than any other single instrument. CrIS produces spectral data with low noise levels. Random noise performance in the long wave spectral regions is approximately 4 times better than the legacy AIRS and IASI instruments.
In 2013, data from CrIS from Suomi NPP also began to be incorporated in numerical weather prediction models at the National Weather Service.
OMPS monitors ozone from space and helps fulfill a U.S. treaty obligation to monitor ozone depletion by collecting data that continues a more than 30-year record. Here is shown total ozone for April 18, 2012.
The ozone record dates back to SBUV, but the major limitation was the global coverage which impact monitoring of the ozone hole and less liable information for UV index used for warning public on the danger of prolong sun exposure.



JPSS Next Generation Instruments

NPP VIIRS NOAA-19
AVHRR

VIIRS swath width

The Visible Infrared
Imaging Radiometer
Suite offers more
spectral bands,
higher resolution,
wider swath and
greater accuracy,
resulting in a large
number of products.

N
VIIRS RGB (True Color), 11-22-2011
R: MO05 (0.672 um), G: M04 (0.555 um), B: M02 (0.445 um)
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VIIRS is NOAA’s premier sensor for global environmental assessments.

VIIRS has 22 channels, 5 at 375 m resolution, 17 at 750 m resolution. (Pixel size growth is constrained to no more than twice the nadir value at edge.)

VIIRS has incredible spatial resolution relative to its large swath of 3000 km. Shown here, the entirety of Antarctica is observed from a single instrument in 12 hours. Even though Landsat 8 has 30 m resolution and Radarsat-2 SAR has 100 m resolution, their swath sizes are 185 km and 500 km, respectively, so it takes days to be able to provide the coverage that VIIRS can provide in 12 hours, or even for one pass.

So VIIRS will see features first, such that other satellites can take a closer look when they passes over. The benefits of ice monitoring like this will be discussed later in the presentation. 



GOES-R Next Generation Instruments

Geostationary Lightning Mapper Advanced Baseline Imager

* GLMis a near-infrared instrument that GOES-14 BAND=L (8. 82 LM GOES® 1S BAND=
maps total lightning

e For the first time, scientists will be able to
detect cloud-to-cloud lightning

* Rapid increase in cloud-to-cloud lightning,
called a “jump signature,” has been shown
to precede severe weather on the ground

e Lightning observations will enable
meteorologist to better track storm
development and intensification

= i

8 NOAA operated GOES-14 in an experimental rapid scan one-minute
A mode to simulate ABI capabilities in 2012 and 2013

Routine

21 AUG 13 20:15 UTC U SSEC CIMSS

*  Primary instrument on GOES-R
e  Five times faster imaging

*  Four times the spatial resolution
*  More accurate calibration

* New products for severe weather
forecasting, volcanic ash advisories and fire
and smoke monitoring

during tornado outbreak in Oklahoma

[Simulation of GLM lightning detection capabilities
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The GOES-R program is also making technological strides that will be available in the coming years.
ABI
During periods in 2012 and 2013, NOAA operated the GOES-14 Imager in an experimental rapid scan one-minute mode to simulate the capabilities of the Advanced Baseline Imager that will be the primary instrument on GOES-R. ABI will improve every product from the current GOES Imager with more than five times faster imaging, four times the spatial resolution and more accurate calibration. ABI will also introduce a host of new products for severe weather forecasting, volcanic ash advisories, and fire and smoke monitoring. 
ABI will be able to provide uninterrupted scans of the full disk of Earth every five minutes, and the flex mode will concurrently allow full disk imagery every 15 minutes, the continental U.S. every five minutes, and a mesoscale region (1000 km x 1000 km) as often as every 30 seconds, helping to improve modeling and forecasting particularly for severe events.

GLM 
The Geostationary Lightning Mapper (GLM) on GOES-R is a near-infrared instrument that maps total lightning. For the first time, scientists will be able to detect frequent cloud-to-cloud lightning that accompanies many severe storms. A rapid increase in cloud-to-cloud lightning associated with the intensification of the storm updraft has been shown to precede severe weather on the ground by as much as 30 minutes. 
GLM’s “total lightning” observations will help meteorologists track better how developing storms are moving and intensifying before and during the occurrence of severe weather on the ground.


.

Both JPSS and GOES-R support improved weather forecasting—
weather forecasting impacts decision making.

Immediate impacts Potential long-term impacts
e Saving lives and property through Historical data, decisions and impacts can
warnings and preparation be used to improve preparations of
e Ranges from imminent warnings future events.

(tornadoes) to 7 day forecasts of
extreme weather events (hurricanes)

 Emergency preparations, hazard
response and evacuations

e Supportto FEMA

e Support to the American Red Cross
and their decision makers

e General commerce, transportation,

to u rlsm, etc- Hurricane force winds blast a walker off his feet on Bournemouth beach in the UK

Satellite data resolution (spatial and vertical) must keep pace with
improvements in forecast model resolution
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Weather forecasting is probably the first thing you think of when you think of NOAA satellites. We strive to improve satellite data resolution (as just seen with the technological advancements on GOES-R and Suomi NPP/JPSS) to keep pace with improvements in forecast model resolution.

The immediate impacts of weather forecasting are saving lives and property through warnings (imminent to seven-day) and emergency preparations and evacuations. This also supports FEMA, the American Red Cross, as well as general commerce, transportation, tourism, even people’s day-to-day decisions. 
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Decisions from accurate hurricane forecasts

Evacuations
— Improving “cone” of uncertainty reduces
evacuation areas and costs
— Each coastal evacuation mile is about S1M

e Preparing for damage and keeping lives
and property safe

e Moving ships out of area to prevent
damage

* More accurate forecasts result in fewer
false alarms

— A study by Considine et al. 2004, Journal of
Applied Meteorology and Climatology, noted
that the value of existing 48 hour hurricane
forecast information to oil and gas producers in
the Gulf of Mexico averaged S8M per year
during the 1990s, which exceeds the NHC
annual budget by about a factor of 2.

— An improvement of 50% in forecasting
hurricane tracks would increase the value to
about S15M per year.

NOAA satellites support advanced forecast enterprise:

Observations — Models — Supercomputers — Expert
Forecasters
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Accurate hurricane forecasting involves improving the track and intensity models of the hurricane in order to determine the areas that will be impacted and the severity of damage the hurricane will cause. 
With more accurate models, the “cone” of uncertainty narrows, which reduces evacuation areas and costs (which includes preparing for damage, moving ships out of area to prevent damage). 
When every coastal evacuation mile costs $1M, the benefits of accurate modeling add up quickly.
More accurate forecasts result in fewer false alarms. 
NOAA satellites support the advanced forecast enterprise by improving the resolution of data that is used to make better models. This includes pioneering the use of microwave sounders to determine hurricane strength and structure, as well as analysis of lightning and oceanic heat content to improve hurricane intensity forecasts.
Here we see how much of a difference ten years of improvements make. Had Hurricane Irene occurred in 2001, the forecast models would have predicted a much larger region in the path of the storm, which would have led to needless evacuation procedures. 



Sandy Simulation Experiment

Experimental results showing improvements in Sandy track forecasts from .
Hurricane Weather Research Forecast model with ATMS A StUdy by the EurOpean Centre for Medium-

HWRF-NCEP Operational Modified HWRF-NCEP with ATMS Range Weather Forecasts (ECMWF) showed
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Hurricane Sandy in 2012 is another example that shows the value satellites play in forecasting.
In fact, the European Centre for Medium-Range Weather Forecasts conducted a study which showed that forecasts of Hurricane Sandy’s track would have been hundreds of miles off without information from polar-orbiting satellite data. Instead of identifying the actual New Jersey landfall location within 30 miles five days before landfall, the models would have shown Sandy remaining at sea.
This would have resulted in a lot more damage. Instead, evacuation warnings were given for the areas where Sandy made landfall, allowing people to prepare for the storm’s impact.

Here we see the value of the data with a simulation that clearly shows a more accurate track of Sandy’s path using Suomi NPP’s ATMS data. 
It’s not just about the data, model improvements are essential. Our new instruments suit the model.
Below we see that by increasing horizontal resolution from 27 km to an experimental 13 km, the hurricane forecast is markedly improved. [Model Initialized at 00UTC, October 24, 2012, 7-Day Sea level Pressure (mb) Forecast valid at 00UTC, October 31, 2012, Hurricane Position Shown Every 24h. Operational (T574~ 27km) vs. Experiment (T1500~ 13km).]



Decisions from ice monitoring

Immediate impacts

B

AT N e

Shipping routes

Keeping clear of potential ice hazards —
getting stuck in ice, ship damage, delays
in supply deliveries and general
commerce

River ice flooding and evacuations —
impact local communities
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Potential long-term impacts

Shrinking arctic ice pack increases
future navigation routes and potential
new discoveries of natural resources

Potential melting of Greenland ice will
cause sea-level rise impacting coastal
communities

Melting permafrost will release trapped
methane potentially accelerating global
warming

Impact on general weather circulation

BRI
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Ice monitoring immediately impacts shipping routes, particularly keeping clear of potential ice hazards – getting stuck in ice, damage to ships, delays in supply deliveries and general commerce.

Pictured here is the Alaska Daytime Ice Nowcasting with Suomi NPP’s VIIRS at 375 meter resolution (with false color imagery, so the ice is blue). 
The National Ice Center uses remote sensing observations to chart sea ice conditions, and these are validated with visual observations of sea ice conditions — ice type, stage of development, concentration, and thickness.

The longer term impacts of ice monitoring have an effect on climate studies. As the Arctic ice extent continues to decrease, implications include: sea level rise; more open water that can be heated by the sun, which can affect weather and increased wave activity; and increased human activity in areas once covered by ice.
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The different spectral channels on VIIRS allow us to see different views of the same region. VIIRS day/night band can monitor polar sea ice at night, while the infrared band is the thermal portion of the spectrum and is used to calculate surface temperatures and ocean currents.

VIIRS also enables glacier monitoring, including spotting and tracking cracks in glaciers, and monitoring sea ice fracturing. 
The Arctic ice cap, for instance, can appear as a continuous sheet of ice, but it is actually a collection of smaller pieces that crack and shift along with winds and currents. Seasonal (or first-year) ice is thinner than multi-year ice, so it breaks and is moved more easily, which can have damaging effects to fishing and shipping in the Arctic.




Decisions from fire monitoring and

prediction
Immediate impacts Potential long-term impacts
Lives and property e Burn scar will cause larger

flooding runoff events due to
heavy precipitation and less
ground cover

Fire control and behavior

Health impacts due to smoke
inhalation

Visibility impacts on
transportation

Local economies and
employment

e Tourism, commerce
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McCan & Beaver Creek, Idaho, 2013, burn scar from Landsat 8
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Wildfires regularly affect the Western portions of the U.S., and monitoring their spread has immediate effects on the lives and property at risk. 
Monitoring also supports fire control and containment, which in turn impacts transportation, local economies, tourism, and commerce.
Wildfires also have a lasting effect on the landscape. 
Burned areas, or locations that are downhill or downstream of burned areas, are more susceptible to flash flooding, flooding runoff, and debris flow.
Even areas that are not traditionally prone to flooding are at risk, because burn scarring changes the landscape such that rainfall that would normally be absorbed is repelled by burned soil and runs off quickly after a rainfall. Less water than normal, then, is required to create a flash flood. 
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Satellites are sensitive to infrared energy (heat) and are able to detect the thermal signature of fires. (Seen above with VIIRS data.) Polar-orbiting satellites provide global coverage of fire activity. This data is not only useful for detecting wildfires in otherwise remote areas, but also for understanding how large fires spread over time.

In addition to sensing fire, satellites can track the smoke plumes associated with fires. NESDIS satellites support hazard mapping system fire and smoke products including real time satellite imagery. Fire locations are also used for operational smoke plume predictions.
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Decisions from monitoring ocean and

coastal ecosystems

Immediate impacts Potential long-term impacts
e Aquaculture, fishing and * Fishing industry
tourism e Water quality
* Health/respiratory impacts due e Ecosystem decadal impacts

to brevetoxin emissions from

 Monitoring provides verification of
harmful algal blooms

regulatory decisions
e Fishing restrictions due to — = =
harmful water quality

* More effective fishing practices
e Stock assessments

e Local economies and
employment

Harmful algal blooms caused by agricultural runoff due to
soluble phosphorous from fertilizers.
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Monitoring the oceans and coasts has an immediate impact on the fishing, maritime, and tourism industries. This includes fishing restrictions due to harmful water quality, along with ecosystem health assessments that support more effective fishing practices. 

Excess soluble phosphorus is the primary cause of the huge and sometimes toxic algal blooms that have plagued the Great Lakes, like Lake Erie pictured here, and other water bodies. It comes from fertilizer and manure runoff from farms, discharge water from wastewater treatment plants, and leaking septic systems. Phosphorus is the main nutrient that feeds the algae, which can produce harmful toxins and deplete oxygen from the water, harming the sea life within. (http://cfaes.osu.edu/news/articles/coal-plant-byproduct-if-spread-farms-could-fight-lake-erie-algae)
These blooms are harmful in terms of biological and economic loss, particularly in aquaculture and fishing. With the help of satellite data and in situ data, we can build and improve systems that can detect the blooms and provide forecast systems in order to help prevent damage.




VIIRS Ocean Color
is used by NOAA
to monitor health
of ocean, coastal
and large lake
ecosystems
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Florida Algae Bloom Leads to Record Manatee Deaths
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The state’s annual red tide affects a wide range of aquatic animals and
can cause problems in people. The algae contain a nerve poison
known as brevetoxin that is not only found underwater but that is also
blown through the air when waves break open the algae’s outer
casing.

Manatees, birds, dolphins and other animals can be killed by
consuming the poison, either by accidentally eating the algae or by
ingesting small organisms clinging to sea grass that have soaked up
the poison while filtering seawater.

Residents and tourists regularly have respiratory problems after
inhaling brevetoxins while strolling on beaches near red tides. People
can also become ill after eating oysters and clams that have absorbed
the toxin.
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About 50% of the oxygen we breathe comes from the ocean, where algae not only release oxygen during photosynthesis, but also serve as the base of most oceanic food webs. 
Since satellites can measure the different wavelengths of light that are absorbed by the planet surface and reflected back into space, NOAA scientists can use that data to calculate how much green pigment associated with the algae is contained in the surface waters. 
NOAA has monitored ocean color since 1997, with VIIRS now being the primary instrument for this measure. This data has been instrumental in understanding global productivity, carbon cycling, fisheries habitats, and biochemical oceanography.

The algae bloom known as the “red tide” occurs almost annually along Florida’s coast. These Harmful Algal Blooms contains nerve poison known as brevetoxin. These blooms can cause severe disruptions in fisheries, because humans can become seriously ill from eating shellfish contaminated the toxin. The blooms can potentially cause eye and respiratory irritation to beachgoers, boaters and coastal residents. By monitoring the red tide, NOAA satellites support public health. 
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Decisions from monitoring volcanic eruptions

Immediate impacts

* Lives and property

e Aviation industry

e Tourism

* Health from ash inhalation
e Visibility
* Local economies and employment

Summary of Volcano Impact Findings

Global aviation sector losses in the first week tallied US$2.6
billion. However, when factoring in deferred business and
leisure travel, the net aviation sector impact was US$2.2 billion.

The visitor spending impact realised by destinations around the
world is estimated at US$1.6 billion in lost revenues. primarily to

hospitality sectors.

Productivity losses stemming from stranded workers are
estimated at US$490 million.

International trade has also been severely disrupted as a result
of the flight restrictions—particularly for perishable goods and
for just-in-time production processes (e.g. high-value items
which are also low-weight such as electronic parts and machine
components).

The total impact on global GDP caused by the first week's
disruption amounts to approximately US$4.7 billion.

Since the massive airspace shutdown in the first week, another
5,000 flights have been sporadically cancelled. This would add
an additional 5% to the first week impacts, bringing the total cost
to US$5.0 billion lost GDP through 24 May. 2010.

Iceland’s Eyjafjallajokull volcano impacting Europe as observed from Meteosat-9
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The volcano first began to erupt on 14 April
2010, resulting in massive flight
cancellations and delays over most of

Economic impact from Iceland's Europe, which had serious global impacts
Eyjafjallajokull volcano

Y.

— from Oxford Economics report
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Volcano monitoring has an immediate impact on the lives and property affected directly by the volcanic eruption, but those impacts also spread to those affected by the ash clouds created in a volcanic eruption.

On April 14, 2010, Iceland’s Eyjafjallajokull (AY-uh-fyat-luh-YOE-kuutl-uh) volcano began its second phase of eruption, resulting in a massive ash cloud that rose to about 30,000 ft., causing flight cancellations and significant delays over most of Europe for days. This disrupted international trade, and according to the Oxford Economics report, the total impact on global GDP caused by the first week’s disruption was about $4.7 billion. 
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Volcanic Ash is detected and monitored by both polar and geostationary
satellites; the data are used to issue official volcano advisories.
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YOLCANIC ASH ADYISORY

DTG: 2013102070336

¥AAC: ANCHORAGE

VOLCANO: KLYUCHEWSKOY 1000-26
AREA: KAMCHATKA

SUMMIT ELEV: 15584ft (4750m)

ADVISORY NUM: 2013/015

INFO SOURCE: MT-SAT/GOES/POES/AVO/KVERT/FILOT REFORT

ERUPTION DEAILS: ERUPTIOM CONTINUING
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NEXT ADVISORY: WILL BE ISSUED BY 20131020/09362

GREEN

Volcano is in typical background,
noneruptive state or, after a change
from a higher level, volcanic activity
has ceased and volcano has returned to
noneruptive background state.

YELLOW

Volcano is exhibiting signs of elevated
unrest above known background level
or, after a change from a higher level,
volcanic activity has decreased
significantly but continues to be closely
monitored for possible renewed increase.

ORANGE

Volcano is exhibiting heightened or
escalating unrest with increased
potential of eruption, timeframe
uncertain, OR eruption is underway with
no or minor volcanic-ash emissions [ash-
plume height specified, if possible].

RED

Eruption is imminent with significant
emission of volcanic ash into the
atmesphere likely OR eruption is

underway or suspected with significant
emission of volcanic ash into the
atmosphere [ash-plume height specified,
if possible].

Klyuchevskoy (Russia): Code red, Oct. 20, 2013
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Satellite imagery shows the height and effect radius of a volcanic ash cloud. This information is used to issue official volcano advisories and supports the Aviation Color Code warnings seen here with the eruption of Klyuchevskoy in Russia in October 2013.

GOES-R will also monitor volcanic ash. The Volcanic Ash product algorithm utilizes five GOES-R ABI infrared channels to automatically determine the height and mass loading properties of any pixel found to contain volcanic ash. Forecasters will be able to use the Volcanic Ash product to identify areas where volcanic ash is present and potentially hazardous, and ultimately, issue more accurate aviation, air quality, and public health warnings. It is also expected that the Volcanic Ash product will be useful for initializing dispersion models and volcanic ash trajectory prediction models.

In addition to volcanic ash monitoring, in 2013, Suomi NPP’s VIIRS was able to detect a thermal anomaly indicating increased volcanic activity at Mount Sakurajima in Japan 14 hours before it erupted on August 18. With this kind of ability, warnings for volcanic events can be given even further in advance.



Decisions from monitoring extent of

floods
Immediate impacts Potential long-term impacts
* Recovery efforts Historical data and modeling can be used

to predict episodic impact and action

* Warnings

e Health impacts due to
standing water

* Insurance claims

e Local economies and
employment

Flood near Evans and Garden City, Colo.,
Sept. 17, 2013 — VIIRS spatial resolution
is enhanced with use of 30 meter digital
elevation map
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Monitoring the extent of flooding has an immediate impact on recovery efforts from floods, the health impacts due to standing water – including infectious diseases and chemical hazards, insurance claims due to flood damage, and on local economies generally.
By monitoring flood and flood extent, historical data can be used to make models that predict impact and support future actions. 
The image shows how digital elevation models can predict how water will spread.


VIIRS River Ice and Flood Products

05/27/2013 VIIRS can identify

river ice jams
which can lead
to large flood events

- Cyan is mixed ice/water
- Blue is water

- Red is cloud

- Yellow is solid ice

Galena, Alaska on May
Flood extent Google earth 28, 2013

Flooding from ice jams can occur in a very short time
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In addition to monitoring flooding after the fact, VIIRS has the capability to detect ice jams prior to flooding. 
Last year in Galena, Alaska, there was a major flooding event. On May 27, there was no flooding, but VIIRS was able to see areas of potential ice jams. The next day (as you can see in the animation) there was extensive flooding. During the peak on May 30, the extent was about 18 miles.
We have a proving ground project with Alaska weather forecast and river office to demonstrate the use of VIIRS for earlier detection. Ideally, VIIRS will see some features which would trigger a closer look using aircraft. The inset picture above is an aerial shot of the jam area which built up upstream pressure and caused the flooding the next day.


Communication and electrical grids
— Space Weather instruments provide early warnings (GOES-R and
DSCOVR)
Energy
— Wind measurements and cloud cover

Health

— Vegetation conditions for vector-borne disease such as malaria from
mosquitos

New international initiative on socio-economic benefits

— Coordination Group on Meteorological Satellites (CGMS) Socio-
Economic Tiger Team (SETT)

— Established July 2013: Representatives from NOAA, NASA,
EUMETSAT, ESA, IMA, WMO

— Purpose: To develop a credible methodology and common
terminology for articulating the socio-economic benefit of satellite
observing systems; to explore the most effective ways to
communicate this information to desired stakeholders
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Satellite benefit communication and electrical grids via space weather instruments that provide early warnings (these instruments will be on GOES-R and DSCOVR); energy via wind measurements and cloud cover; general health via vegetation conditions for vector-borne disease such as malaria from mosquitos.

There is also a new international initiative on socio-economic benefits. 
The Coordination Group on Meteorological Satellites (CGMS) Socio-Economic Tiger Team (SETT) was established in July 2013 with representatives from NOAA, NASA, EUMETSAT, ESA, JMA, and WMO.
Its purpose is to develop a credible methodology and common terminology for articulating the socio-economic benefit of satellite observing systems and to explore the most effective ways to communicate this information to desired stakeholders.
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The CGMS SETT plans for the next two years include:
Reviewing relevant socio-economic benefit and return on investment studies and activities
Identifying relevant socio-economic expertise in CGMS members, the WMO, and in related institutions
Identifying key application areas and gathering examples, case studies in such areas that can illustrate the benefit, for communications purposes.
Evaluating approaches and methodologies used to: understand the value of satellite observing systems among all observing systems and satellite observing systems in the entire value chain.  
Reviewing terminology for accuracy, consistency and accessibility to non-technical audiences



Summary

e NOAA’s satellite programs contribute to the global
observing system and provide decision-driving
information.

* Interagency and international partnerships are
essential to NOAA’s satellite missions.

 Observations coupled with modeling, data fusion and
the underpinning research are essential for
transforming observations to the products,
applications and services needed to address
environmental impacts on society and improve
decisions.
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Presentation Notes
NOAA’s satellite programs contribute to the global observing system and provide decision-driving information.
Interagency and international partnerships are essential to NOAA’s satellite missions.
Observations coupled with modeling, data fusion, and the underpinning research, are essential for transforming observations to the products, applications, and services needed to address environmental impacts on society and improve decisions. 
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