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Fo rewo rd NOAA Leadership

Every day, NOAA leads and supports an immense range of initiatives that benefit
every U.S. community. NOAA’s Contribution to the Economy highlights the
agency’s substantial contributions to the U.S. economy.

From collecting and processing data to protect lives and property, to monitoring
Earth’s weather, climate and natural resources, and charting our waters for safe
navigation and maritime commerce, NOAA plays a pivotal role across numerous
vital industries.

NOAA’s mission supports the accelerated growth of traditional ocean industries
and facilitates the development of new technologies that strongly aligns with the
Administration’s priorities to enhance job creation and strengthen U.S. economic
and national security.

NOAA leads the Administration’s efforts to increase the economic impact of
federal investment in the blue economy and weather enterprise. NOAA works

to enhance public, private partnerships for technology transfer and to increase
private sector investment for both the blue economy and weather enterprise. This
report is a step towards improving methods to evaluate the return on investment
and economic impact of NOAA’s research and operations.

RDML Tim Gallaudet, Ph.D., USN Ret.

Assistant Secretary of Commerce for Oceans and Atmosphere
Acting Under Secretary of Commerce for Oceans and Atmosphere
National Oceanic and Atmospheric Administration

Washington, D.C.

September 2018



The National Oceanic and Atmospheric
Administration (NOAA) powers the U.S.
economy every day in every state and
territory. It is no surprise to see NOAA in
some sectors, like emergency management
or fisheries, but the agency also bolsters
emerging economic industries, such as
commercial space and aquaculture. NOAA’s
products and services also benefit areas such
as insurance, manufacturing, and retail.

This report showcases NOAA’s major
contribution to public safety and industry
sectors that are the foundation for a strong
economy.

?r?mwnn

NOAA'’s key contributions are highlighted in
the following chapters:

- Emergency Management and Public Safety
- Transportation and Warehousing

- Commercial and Recreational Fisheries

- Insurance and Reinsurance

« Agriculture

- Mining

- Utilities

- Construction

- Manufacturing and Retail Trade

Major highlights of NOAA'’s contribution are
continued on the next page >>
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Preparing for Arctic project missions on NOAA Ship Rainier in Kotzebue Sound



Q EXECUTIVE SUMMARY

EMERGENCY MANAGEMENT AND PUBLIC SAFETY

The Emergency Management and Public Safety section
highlights NOAA'’s critical role in improving forecasts and
engaging emergency managers to mitigate the impact of
weather events, particularly for the increasing number of
extreme weather events, which caused over $306 billion
in economic damages and 362 fatalities in 2017

TRANSPORTATION AND WAREHOUSING

Safe navigation on the water, in the air, and on the
ground depend on NOAA'’s charting, mapping, weather,
and other navigational services, as underlined in
Transportation and Warehousing. U.S. seaports that
depend on these NOAA services generated nearly $4.6
trillion in economic activity for the entire United States
in 2015.2

COMMERCIAL AND RECREATIONAL FISHERIES

NOAA works to prevent overfishing, rebuild fish stocks,
and promote healthy ecosystems. In 2015, commercial
fishing in the United States supported 1.18 million jobs
and over $60 billion in value added, and recreational
fishing supported nearly 0.5 million jobs and $26 billion
in value added.?

TOURISM AND RECREATION

NOAA'’s coastal programs and services help keep the
growing and important tourism and recreation industries
strong. Nationwide in 2014, coastal tourism and
recreation supported 2.2 million jobs and contributed
$110 billion to national gross domestic product.*

INSURANCE AND REINSURANCE

Increasing population along the U.S coasts puts

more people and more property in the way of natural
hazards. The insurance and reinsurance sectors rely

on NOAA weather, climate, and ocean data in their risk
assessments; in 2017 these sectors were responsible for
$1.5 trillion of value added to the U.S. GDP.5

"NOAA 2018a
2 Martin Associates 2015

3 NOAA 2017a
*NOAA 2016a

® BEA 2017

AGRICULTURE

NOAA'’s region-specific tools help farmers and others in
the agriculture business plan and prepare for weather
variability, climate change, and extreme weather events.
Improved El Nifio outlooks can boost the U.S. economy
by up to $300 million annually.®

MINING

NOAA supports sustainable offshore mineral extraction
(including oil and gas exploration and production;
extraction of limestone, sand, and gravel; and seafloor
mining) through mapping the seafloor, forecasting winds
and storms, and tracking the timing and migratory routes
of endangered species. In 2017, the mining industry
supported over 600,000 U.S. jobs.”

UTILITIES

NOAA data and tools support utility services and help
protect U.S. electric infrastructure, valued at $1 trillion in
20142

CONSTRUCTION

Construction planners rely on NOAA data to incorporate
the best-available information about conditions such

as sea level rise and storm surge as they decide on
building locations and specifications. In 2017, the entire
construction sector provided more than 6.9 million
jobs and affected more than $826 billion to the U.S
economy.®

MANUFACTURING AND RETAIL TRADE

Manufacturers and retailers use NOAA forecasts to
plan operations, improve output, offer timely services,
and during natural disasters to ensure supplies reach
communities in need during natural disasters. In 2017,
these two sectors combined supported more than 28
million jobs and affected more than $3 trillion for the
entire U.S. economy.®

5 NOAA 2016¢

7 BLS Quarterly Census of Employment and Wages, Release
date June 2018

8 U.S. Department of Energy 2014

° BEA Value Added by Industry, Release date May 2018; BLS
Quarterly Census of Employment and Wages, Release date
June 2018



g INTRODUCTION

NOAA Southwest Fisheries Science Center biologists use a hexacopter to capture images of killer whales to assess their health

NOAA enables economic growth and saves lives
and property. As the premier agency in translating
cutting-edge science and technology into tangible
products and services to power our dynamic
economy, NOAA delivers a growing “return on
investment” to the taxpayer. Across some of the
larger economic sectors—from transportation,

to agriculture, to retail—to bolstering emerging
economic industries, such as commercial space
and aquaculture—this report details how large
swaths of the economy depend on NOAA’s
innovative products and services.

NOAA is dedicated to the stewardship and
understanding of the environment. This mission
provides opportunities to turn cutting-edge
advances in science and technology into products
and services that benefit our daily lives and keep
our economy strong. Our flagship priorities, as
detailed in the U.S. Department of Commerce
Strategic Plan 2018 - 2022, depend on strong
collaboration across federal, state and local
partners, both public and private.

Credit: NOAA Fisheries, Vancouver Aquarium

NOAA's Contribution to the Economy builds upon
NOAA by the Numbers (June 2018) by providing

a comprehensive narrative of the Agency’s
influence in promoting national security, safety, and
economic prosperity. The report takes a snapshot
of a number of economic sectors, focusing on
NOAA's unique and impactful role in powering
growth, creating jobs, and saving lives. Throughout
this report, we touch on what the economic data
tell us to support NOAA’s strategic direction to
ensure we can remain a bullish investment for

the American people. This report specifically
highlights NOAA's contribution to U.S. economic
sectors - when possible to estimate these values.
While public safety and emergency management
is not a traditional economic sector, NOAA's role in
protecting public safety ultimately influences the
U.S. economy.




PUBLIC SAFETY AND
v EMERGENCY MANAGEMENT

NOAA weather forecasts and warnings are
critical to people living in areas subject to
severe weather, and to all Americans who
depend on the economic vitality that these
regions contribute. Accurate predictions of
extreme weather location and severity are
essential. Having time to prepare for extreme
events limit their impact.

In 2017, the United States experienced 16
separate billion-dollar weather and climate
disasters. The 16 events included two inland

Coast Guard rescue swimmers train in Atlantic City, New Jersey

floods, a crop freeze, eight severe storms,
three hurricanes, a drought, and wildfires—
collectively causing 362 fatalities and $306.2
billion in economic damages (NOAA 2018a).

Through mid-July 2018, there were six
weather and climate disaster events with
losses exceeding $1 billion each across the
United States. These events included four
severe storm events and two winter storm
events. Overall, these events resulted in 36
fatalities and significant economic effects
(NOAA 2018a).

U.S. 2017 Billion-Dollar Weather and Climate Disasters @ .

North Dakota, Sauth
Dakota, and
Montana Drought
Spring—Fall 2017

Western Wildfires, §-
California Firestorm -
Summer=Fall
2017

California
Flonding
February 8=22

Colorado Hall Storm .2
and Central
Severs Weather

Minnesota Hail Storm and
Upper Midwest Severa Weathar B
June 8-11

. Midwest Tornado Qutbreak
A - \

* CentraliSoutheast
Tarnada Oulbraak
February 28-March 1

Missour and Arkansas
Floading and Central
Severe Weather
April 25-May T

Southeast Freeze

May 8-11 | March 1418
= |
Yo Midwest Severe E%JITSrn Iorn.;da
o Weather utbreak an
R e June 27-29 s ER Western Storms
s . Hiimcane Haner: S January 20-22
: : Midwest Severe August 25-31
e e iz Weathar ’
June 12-18 ; Hurricane
South/Southeast Severe Weather Hurricane Irma . g

March 26-28

— Maria
September 6-12 .
Epternbiet September 19-21

Thiz map denales [fe spamaimale ooalion fie aach af the 16 bilion-daliar weather aid climate disashars thaf inpaciad the Uniled Stales duriig 2077,

Billion-Dollar Weather and Climate Disasters through 2017



Through cutting-edge science and technology,
and the provision of Impact-Based Decision
Support Services (IDSS), NOAA helps
emergency managers prepare for severe
weather — protecting lives and property.

A 2017 study found that the impacts of
winter storms in New York City were
reduced by interpretative services
provided by the National Weather
Service under its IDSS initiative,
dramatically increasing the scope and
magnitude of actions undertaken to
reduce impacts (Abt Assoiates 2017a).

icident me earologi.ét provi
~ support to the fire community.

Building a Weather-Ready Nation

A study found that weather-related variability
in GDP is about 3.4 percent, including positive
and negative variability (Lazo, Lawson, Larsen
and Waldman 2011). Between 1980 and

2017, there were 219 weather and climate
disasters in the United States where damages
exceeded $1 billion (CPI adjusted 2018
dollars), totaling more than $1.5 trillion (NOAA
2018a). A mere 1% reduction in these losses
could save up to $400 million annually.

A nationwide study of U.S. households’
willingness to pay for accurate National
Weather Service forecasts is $31 billion,

a value more than six times the combined
annual private and public spending of $5.1
billion on meteorological operations and
research, a strong return on investment (Lazo,
Morss, and Demuth 2009).

f W anws

National Weather Service Twitter




2017 Record Setting Hurricanes

In 2017, Hurricanes Harvey, Irma, and Maria significantly affected Houston, Texas; Florida; the
U.S. Virgin Islands; and Puerto Rico. Damages cost approximately $265 billion (NOAA 2018a),
making them three of the top five costliest hurricanes on record. NOAA’s Hurricane Weather
Research and Forecasting model proved to be the best for predicting rapidly intensifying winds
giving forecasters the best available wind estimates (Cangialosi, 2018). These wind estimates
enabled accurate track predictions for a hurricane season while supporting emergency
managers and first responders before, during, and after the storms. From the use of its aircraft,
Hurricane Hunter crews and scientists, response teams, operational models, and experimental
technologies, NOAA mobilized its assets to meet the challenge of these hurricanes and saved

thousands of lives.
HARVEY IRMA MARIA
CATEGORY 4 CATEGORY 5 CATEGORY 4

ECONOMIC COST

BILLIONS
s
U.S. VIRGIN ISLANDS
AREAS )
MOST
AFFECTED FLORIDAY - ——
PEAK RAINFALL 60.58” 21.66” 37.9”
INCHES TEXAS FLORIDA PUERTO
RICO
AREA erne .rne erne
POPULATION 28.3 million 21 million 3.4 million

National Hurricane Center Harvey Report; National Hurricane Center Irma Report; NWS Maria Synoptic Overview



Following Hurricanes Harvey, Irma, and

Maria NOAA collected more than 65,000
aerial images, covering more than 9,200
miles aboard the agency’s King Air aircraft,
uploading the images to the NOAA public
website within 24 hours after they were taken
Often, these images were the only alerts

for homeowners to determine the extent of
damage following the hurricanes.

After NOAA ship Thomas Jefferson's damage
survey of ports throughout the Caribbean,
18 ports were allowed to re-open, enabling
essential relief efforts to move into heavily

. affected areas across the region.

NOAA Ship Thomas Jefferson

The Florida Keys National Marine Sanctuary
and partners completed a rapid assessment
on Hurricane Irma’s impacts on the Southeast
Florida coral reef tract and identified more

Lt. Cdr. Nate Kahn a Hurricane Hunter crewmember, explains than 1,800 damaged and derelict vessels

storm tracking efforts to (center) NOAA Deputy Under Secretary
for Operations Ben Friedman and (right) Department of

posing potential environmental and

Commerce Secretary Wilbur Ross. Credit: Randy Showstack ~ havigational hazards.

Atlantic Hurricane Seasoi

Named storms
9-13

Hurricanes
4-7

Major hurricanes
0-2

Above-nomial Mear-normal B Eelow-nomal seasan

Saason probability

LLIE

Be prepared: Yisit hurricanes.gav and follow @MNWS and @MNHC_Atlantic on Twitter.

Hurricane season probability; numbers of named storms. Credit: NOAA




REDUCING EXTREME WEATHER
VULNERABILITY - SAVING LIVES
AND PROPERTY

NOAA uses advanced tools, models, and
technology to produce weather, water, and
climate data, forecasts, and warnings. The
new Geostationary Operational Environmental
Satellites (GOES) and products such as the
Atlantic Hurricane Outlook, can reduce storm-
related losses, lower the cost of evacuation,
and increase weather preparedness activities.

NOAA collaborates with the National
Aeronautics and Space Administration (NASA)
to monitor weather from space through
GOES. These satellites provide continuous
imagery and atmospheric measurements

of the Earth’s western hemisphere. NOAA
uses the data to generate public weather
forecasts. The next-generation GOES satellites
scan the skies five times faster than previous
GOES spacecraft, with four times greater
image resolution and three times the spectral
channels. It will provide high-resolution, rapid-
refresh satellite imagery as often as every

30 seconds, allowing for a more detailed

look at weather and other environmental
phenomena such as smoke, ice, and volcanic
ash, in much finer detail. GOES 16 and

GOES 17 provide tremendous advantage to
emergency managers facing severe weather
as they are better able to track developing
storms and provide more advanced warnings
for citizens to prepare and evacuate. The
new GOES satellites also monitor space
weather, providing critical information for utility
companies, satellite operators, partners, and
additional stakeholders.

GOES-17 Launch

WEATHER FORECASTS IN HIGH
DEFINITION

NOAA continues to add higher resolution to
the U.S. Global Forecast System (GFS) model.
Higher resolutions offer a finer scale so
forecasters can better understand how storms
evolve and improve forecasts, which could
reduce storm- related losses.

In a competitive process with many potential
solutions, NOAA selected the Finite-Volume
on a Cubed-Sphere (FV3) core as a new
engine for the GFS. The FV3 core will allow
NOAA to simulate individual clouds and
storms at resolutions as fine as 1- 3 kilometers
or 0.6 - 1.8 miles, an improvement on the
current 13-kilometer resolution. Developed by
NOAA Research, the FV3 will run as the key
component of NOAA'’s suite of weather and
climate models, improving the accuracy across
all NOAA forecasts.

GOES-16 captured this image of then Tropical Storm Harvey in
the Gulf of Mexico on August 24, 2017. This image, captured as
daylight moves into the area, offers a blend of nighttime (left)
and daytime (right) features.



BETTER FLOOD FORECASTING

NOAA's National Water Model (NWM)
improves and expands flood forecasting
across the country. The NWM simulates
conditions for 2.7 million streams nationwide
every hour, a 700-fold increase over the
number of locations previously simulated
every few hours. The NWM informs the
National Hydrography Dataset Plus, a high-
resolution geospatial representation of the
Nation’s waterways. The NWM improves
NOAA'’s ability to provide more frequent,
accurate, and expanded water information,
such as when, where, and how deep and fast
floodwaters will flow, potentially saving lives
and protecting property.

A severe rainfall event in Louisiana in August
2016 resulted in $10 billion of damage
(MunichRe 2017) and became the first non-
hurricane event to place in the top five
greatest National Flood Insurance Program
payouts since 1978.
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In August 2016, eight days of rain in Louisiana produced 30
inches of rainfall, more than three times the rainfall from
Hurricane Katrina in 2005. Credit: Climate.gov, Washington Post

NOAA'’s Weather Prediction Center forecasts
of rainfall for this historic flood were accurate
and provided lead times up to 72 hours.
Forecasters and others throughout the agency
were especially focused on communicating
the effects of this significant rainfall and life-
threatening flash flooding event, issuing the
first-ever High-Risk alert for excessive rainfall
two days in advance. Collaboration among
NWS forecasting offices ensured consistent
messaging at the national, state, and local
level, highlighting the extreme nature and
dangerous potential of this event.

HELPING VULNERABLE COASTAL
COMMUNITIES

Low-lying coastal areas are especially
vulnerable to flooding, erosion, saltwater
contamination, and other devastating effects.
As sea levels rise, the frequency and severity
of coastal flooding is expected to increase,
threatening lives, homes, and businesses, and
eroding the coastline.

NOAA's Sea Level Rise Viewer and Coastal
Flooding Impacts Viewer help community
officials identify and create new adaptation
plans for at-risk areas.

In Tybee Island, Georgia, city officials used
these tools to keep the city's bridges open,
which are critical to the region’s recreation
and tourism sector, accounting for $94
million in on-island business revenue, 1,225
on-island jobs, $82 million in off-island
business revenue, and 1,643 off-island jobs in
2014 (Armstrong State University Center for
Regional Analysis 2015).

NOAA PREDICTIONS ARE VITAL
TO COASTAL COUNTIES'

Thirty eight percent of the U.S. population

and 43% of the U.S. gross domestic product
(GDP) are affected by hurricanes, storm surge,
flooding, and sea level rise. 25% of the U.S.
population and more than 25% of the U.S.
economy are located in hurricane wind zones?.
Tornado - prone areas® account for 14% of

the U.S. population and the U.S. GDP. Almost
25% of the U.S. population live in flood hazard
areas* (NOAA 2016a; U.S. Bureau of Economic
Analysis 206; U.S. Census Bureau).

' Coastal counties are directly adjacent to the open ocean, a
major estuary, or the Great Lakes.

2 The American Society of Civil Engineers delineates hurricane-
prone areas of the Eastern U.S. that are vulnerable to hurricane-
force winds (basic wind speed of 90 mph or more).

3 Tornado - prone areas are in lowa, Kansas, Missouri,
Nebraska, Oklahoma, and Texas.

4 Flood hazard areas are subject to a 1 percent annual chance
of coastal floods (“100-year flood”), as determined by the U.S.
Federal Emergency Management Agency.



FIGHTING WILDFIRES In 2017, the United States had the costliest

year for wildfires in history, with damages
estimated at approximately $18 billion for the
western California fires alone (NOAA 2018a).

NOAA's fire weather forecast tools improve
the tracking of wildfires, including forecasting
fire spread and smoke, detecting small fires

in remote areas, and estimating how much
greenhouse gas is being released into the
atmosphere because of burning trees and
bushes. Success in these areas determines
the short- and long-term effects of fire and

is essential to assess risk effectively, form
policy, and manage disasters and resources.
Since 1928, National Weather Service Incident
Meteorologists (IMET) have gone directly to
large wildfires to provide critical support for
firefighting officials. These onsite forecast
services help reduce the effects of changes

in wind and fire behavior on firefighting
operations, which saves the lives of firefighters

and avoids damage to expensive equipment. Meteorglogist monitoring rglative humidity and other
On average, there are 136 IMET deployments P OAA National westher Semace Grand Juction Weather
to incidents yearly. An average of 72,000 Service Forecast Office).
wildfires were documented yearly in the

United States since 1983 (National Interagency

Fire Center, no date).

2017 BROUGHT 5 OF THE
20 MOST DAMAGING FIRES
IN CALIFORNIA HISTORY

Nearly 9,000 wildfires burned in California in 2017
$1 @TUBBS @ NUNS @ LA TUNA

BILLION @ ATLAS REDWOOD
VALLEY

REDWOOD

EXPECTED
DAMAGES
IN SONOMA
COUNTY

187,000 44 15,000

ACRES LIVES HOMES AND

BURNED CLAIMED  BUSINESSES
DESTROYED

California Department of Forestry and Fire Protection 2017; NCEI 2018; NASA 2017; NOAA 2018a; Tierney 2018; ESA 2017
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NOAA AIRCRAFT AND SHIPS ASSISTING IN EMERGENCY RESPONSE

Natural disasters and emergencies demand a swift and coordinated response. NOAA helps
coordinate federal emergency response through the Interagency Modeling and Atmospheric
Assessment Center.

NOAA ships and aircraft are also called upon for national search, rescue, and recovery efforts,
and to gather data for emergency response and accident investigation. Data collected by NOAA
aircraft help hurricane tracking and improve forecast accuracy up to 15 percent (Aberson 2010).
These data are critical for emergency managers and the public as they evacuate and prepare.

NOAA AIRCRAFT collect images so emergency managers can assess damage and potential
effects to critical infrastructure and navigation, and disaster teams can plan and execute recovery
efforts. NOAA aircraft also deliver emergency goods in disaster events.

NOAA SHIPS keep navigation channels clear so relief supplies can reach affected areas.

2017 HURRICANES HARVEY, IRMA, AND MARIA
NOAA aircraft collected more than 65,000 aerial images covering 9,774
g square miles of affected shoreline in Texas, Florida, North Carolina, Puerto
Rico, and the U.S. Virgin Islands.

2017 HURRICANE MARIA

NOAA ship Thomas Jefferson’s surveys of Puerto Rico and the U.S. Virgin

g Islands waterways helped federal managers in reopening ports critical for
bringing relief supplies of coal, fuel oil, and supply containers to those
affected following Hurricane Maria.

2015 MIDWEST FLOODING

NOAA aircraft collected nearly 10,000 aerial images covering more than
7,500 square miles of flooded area along the Mississippi River and in
—-— Arkansas, which spanned six states and caused $2 billion in damages and
50 deaths.

2012 HURRICANE SANDY

NOAA ships’ survey at the Port of New York and New Jersey, and the Port
of Virginia at Hampton Roads, allowed port functions to resume in less than
g 48 hours, preventing millions of dollars in lost economic activity. Port
closures cost The Port of New York $23 million per hour; the Port of
Hampton Roads loses $10 million per hour (Martin Associates 2015).

2012 HURRICANE SANDY
NOAA aircraft collected more than 12,000 images across 3,000 miles of
affected shoreline. Images posted online in near real-time supported more
than 147,000 individual structural assessments.
2010 DEEPWATER HORIZON OIL SPILL
- NOAA ships and aircraft collected data to support commercial and
" recreational fisheries, analyze seafood safety, track spilled oil, and monitor

protected species.
Note: Unless otherwise noted, the information above was provided by the NOAA Office of Marine and Aviation Operations (OMAO).



NOAA SATELLITES TO THE RESCUE

NOAA’s Search and Rescue Satellite Aided Tracking (SARSAT) System detects and locates
mariners, aviators, and recreational enthusiasts in distress worldwide. SARSAT is part of the
international Cospas-Sarsat organization, to which 41 nations and two independent organizations
belong. Since 1982, more than 41,000 people have been rescued worldwide, including 8,298
people in the United States (NOAA 2017a). SARSAT continues to upgrade its technology to
shorten the time between when a beacon is activated and located, so help can get to people in
distress faster.

15/ + & SARSAT

e —0_ helped save 275
lives in 2017

Around the world and around the clock, NOAA proudly stands watch.

As an integral part of worldwide search and rescue, NOAA operates the Search And Rescue
Satellite Aided Ti 7 (SARSAT) S to detect and locate mariners, aviator d recreational
enthustasts indistress almost anywhere in the world at anytime and in almost any condition. -
Visit www.sarsat.noaa.gov to learn mare.

SARSAT uses distress signals from emergency beacons to save lives around the world - Beacon Awareness NOAA 2017a
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TRANSPORTATION
V AND WAREHOUSING

United Launch Alliance Atlas V booster and Centaur stage for NOAA's GOES-S offloaded from Mariner transport ship at Army Wharf

Every day, transportation decisions are tied

to the weather forecasting and navigation
services NOAA provides. NOAA plays a critical
role in keeping passengers safe and ensuring
timely arrival of cargo. NOAA data support
transportation activities for both freight and
passengers involving all modes of transport:
air, rail, water, pipeline, and highway.

The National Spatial Reference System is a
consistent coordinate system that defines
latitude, longitude, height, scale, gravity, and
orientation throughout the United States.

The National Spatial Reference System,
defined and managed by NOAA, provides the
framework for all federal mapping, charting,
and transportation activities and is estimated
to provide more than $2.4 billion in potential
annual benefits to the U.S. economy (Leveson
2009).

NOAA's long-term planning efforts and tools,
Sea Level Rise Viewer, and Coastal Flooding
Impacts Viewer help transportation hubs,
such as cargo ports evaluate and prepare for
potential sea-level rise and storm surges.

NOAA weather forecasts, mapping services,
and other navigational tools support the
country’s nearly $4.6 trillion in economic
activity generated by U.S. seaports (Martin
Associates 2015).

NOAA illustration showing the need for geodesy referencing
during a hypothetical construction of a bridge across a
waterway.



NOAA'’s real-time weather data and
forecasting services enable transportation
planners and operators to make life-saving
decisions. Every day, NOAA issues more
than 4,000 aviation weather forecasts and as
many as 8,000 graphic products depicting
thunderstorms, ice, turbulence, and volcanic
ash for both domestic and international
airspace, resulting in increased safety and
protection of property (NOAA 2017b). In

2016 there were more than 26 million flights
carrying more than one trillion passengers,
that relied on NOAA's forecast products
(FAA 2017). Weather -related issues cause
25 - 50% of all aviation accidents (NOAA
2017b). Weather is the leading cause of flight
delays; costing approximately $81 per minute
because of fuel costs, crew time, missed
connections, and passenger compensation.
Weather related economic losses are
estimated to be more than $1 billion per year
(Bureau of Transportation Statistics 2017).

An example of weather causing flight
delays occurred in 2017 when a dense
patch of fog over San Francisco
International Airport delayed inbound and
outbound flights. NOAA's satellite data
services provided frequent and high-
quality updates to the Federal Aviation
Administration and air traffic controllers.
When weather data showed the fog
clearing, flights resumed earlier than
expected. The fog delayed 48 flights for
an average of 38 minutes, but NOAA
satellite data shortened the delay time for
32 of these flights, creating an estimated
savings of 1,216 minutes and nearly
$100,000 in delay costs (Treborg 2017).

Flight delays



SAFER NAVIGATION SERVICES

Marine commerce has tripled in the past 50
years (Wolfe and MacFarland 2016), and in
2016 2.3 billion tons of cargo came through
U.S. ports (Mitchell et. al. 2018). Reliable
navigation services are required for safe
navigation of these waterways and ports.
NOAA produces more than 1,000 nautical
charts that document the coasts of U.S. states
and territories, including the Great Lakes.
Business activity directly dependent on the
oceans and Great Lakes contributed more
than $376 billion to the national GDP in 2014
(NOAA 2017c).

U.S. PORTS SUPPORT:, .

S

Imports: $1.5 trillion | Jobs: +13 million

In 2016, foreign trade through U.S. ports were valued at $1.5
trillion, and ports support more than 13 million jobs (Wolfe and
MacFarland 2016).

In 2016, imports and exports via water
represented more than 40 percent of total
cargo value and almost 70 percent of total
weight (Wolfe, 2018). Maritime commercial
activities depend on real-time oceanographic
and meteorological information to choose the
safest routes, increase the efficiency of ports,
and reduce vessel collisions and groundings.
NOAA'’s Physical Oceanographic Real-Time
System (PORTS") tool provides accurate

tide and water level data to commercial
transportation partners so that they are able
to manage maritime commerce and coastal
resources. With PORTS® installations at

58 locations, an estimated $217 million (in
2010 dollars) is saved annually (Wolfe and
MacFarland 2016). If fully expanded to all
large ports, an additional $83 million could
be saved by reducing trips, transit delays,
commercial marine accidents, and oil spill
remediation (Wolfe and MacFarland 2016).

In 2017, 77 of the Nation’s most economically
critical seaports were served by PORTS®.
These 77 locations handled nearly 87 percent
of total marine cargo value and over 84
percent of total vessel tonnage (U.S. Census
Bureau 2018).

The National Ocean Service provided air gap information as
part of the Northern Chesapeake Bay Physical Oceanographic
Real-Time System (PORTS®). These measurements, along with

real-time tides and current data, helped to ensure a safe and

early passage of crane delivery into the Port of Baltimore.

The flagship precision navigation project

at the Port of Long Beach, California —the
second-busiest seaport in the United States

— relies on NOAA data to navigate deep-
draft ships safely into the port. Combining
ship data with information on the water level,
waves, channel conditions, and environmental
forecasts, the project team tests ways to
navigate increasingly larger ships through U.S.
ports while expanding the carrying capacity
of these vessels. Because of the success of
this public-private partnership, the U.S. Coast
Guard Captain of the Port allows larger drafts,
which make operations safer, more efficient,
and at reduced environmental risk. For every
extra foot of draft, tanker ships can load
40,000 more barrels of crude oil. This equates
to over $2 million of extra product that can be
loaded for every foot of increased draft. These
advances will save vessels an estimated $10
million per year in lightering' costs (NOAA
2017d).

'Lightering, or lighterage, the process of transferring cargo
between vessels of different sizes, reduces a vessel’s draft so it
can enter port facilities that cannot accept very large ocean-
going vessels.




RESPONDING TO SPACE
WEATHER

Space weather, such as solar flares, solar
particle events, and solar wind, can disrupt
communications systems, satellite networks,
Global Positioning System services, and other
technologies critical to our modern economy
and our daily lives (National Research Council
2008; Baker and Lanzerotti 2016). NOAA
helps affected industries better understand
and reduce hazards with appropriate design,
engineering, and mitigation measures.

Space weather events affect navigation and
communication systems and may also be
hazardous to passengers and crew in aircrafts
flying at high latitudes. Aircraft routes over
polar ice caps are especially susceptible to
space weather radiation.

SPACE

WEATHER
IMPACTS

NOAA’s solar and geophysical event forecasts
allow airlines to make critical decisions
regarding flight routes and timing, ultimately
ensuring the enhanced safety of air travelers
and airline crews.

A moderate space weather event is estimated
to cost the U.S. satellite industry between
$200 million and $2 billion in lost assets and
revenue (Abt Associates 2017b).

In 2017, U.S. airlines dispatched 45 to 50
flights per day using polar routes (Abt
Associates 2017b). NOAA'’s space weather
predictions enhance the safety of 8,000 to
19,000 air travelers daily, based on aircraft
capacity of 180 - 375 people.

ECTRIC POWER

AVIATION

Space Weather Prediction Center



COMMERCIAL AND
RECREATIONAL FISHERIES

The United States is among the leading
fishing nations in the world. To ensure
U.S. fisheries are sustainably managed,
NOAA supports a variety of programs to
prevent overfishing, rebuild fish stocks,
and promote healthy ecosystems. NOAA
establishes annual catch limits and develops
market-based management tools, such as
catch share programs and environmental
performance certification and labeling, to
strengthen the economic value of fisheries.

NOAA also invests in cutting-edge research
to grow sustainable aquaculture—such as
salmon or oyster farming. This supports

a robust seafood industry, recreational
fishing, and vibrant coastal communities
and economies. A significant portion of U.S.
seafood caught by American fishermen is
exported overseas for processing and then
imported back to the United States. (NOAA
2017e; Delaware Sea Grant 2017).

Northeast Fisheries Science Center

The majority of U.S. seafood demand is met by
imports. This imbalance creates a $15.8 billion n
seafood trade deficit (updated value provided

by National Marine Fisheries Service). U.S.

commercial fisheries, aquaculture, seafood

processors, and seafood markets contribute

more than $61 billion annually to the national

economy, generate $144 billion in sales

impact, and employ more than 1.2 million

workers (NOAA 20171). In 2015, U.S. fishermen

landed 9.7 billion pounds of fish, worth $5.2

billion. Aquaculture produced 627 million

pounds of fish, worth $1.4 billion (NOAA

20171).

Recreational fishing is also a significant
contributor to the economies in coastal
communities. In 2015, 8.9 million recreational
saltwater anglers took 61 million trips,
spending $29 billion on fishing tackle, boats,
and other goods. Overall, saltwater angling
contributed $63 billion in sales impacts and
$36 billion to the U.S. gross domestic product
(GDP) in the United States (NOAA 20179).



REBUILDING U.S. FISHERIES

Because of the combined efforts of NOAA, its
partners, and regional fishery management
councils, the number of known U.S. stocks
listed as subject to overfishing (9 percent) or
overfished (15 percent) remained near all-
time lows at the end of 2017. Three additional
stocks, Southern Pacific Coast bocaccio,
Pacific Coast dark blotched rockfish, and
Pacific Coast Ocean perch, were declared
rebuilt in 2017. There are now 44 stocks rebuilt
since 2000 (NOAA 2018b).

NOAA'’s dynamic, science-based, stakeholder-
driven management process continues to
successfully reduce overfishing and rebuild
stocks, supporting working waterfronts and
generating over 1.6 million jobs across the
U.S. economy (NOAA 2018b, NOAA 2017h).

Rebuilt Fishery Stocks
Period: 2015 - 2017
YEAR NUMBER

2015 39

2016 41

2017 44

NOAA 2018e, NOAA 2017b

CATCH SHARE
PROGRAMS

NOAA provides
technical and
administrative support to start
catch share programs in select fisheries. Each
year, these programs dedicate a secure share
of fish to individual fishermen, cooperatives,
or fishing communities. Catch share programs
tend to result in longer fishing seasons and
safer working conditions. A recent study
found that catch share programs improved
fishermen safety by decreasing the annual
average rate of fishing on high wind days by
79 percent (Pfeiffer and Gratz 2016). Since
1990, inflation-adjusted revenue from catch
share species increased in 11 of 16 programs
nationwide. Additionally, inflation-adjusted
revenue per active vessel increased in all but
one program (Brinson and Thunberg 2013).

WEST COAST GROUNDFISH
TRAWL CATCH SHARE PROGRAM

NWFSC

In 2011, NOAA Fisheries started a catch share
program for the West Coast Trawl Fishery.
Between 2011 and 2015, annual net benefits to
the nation was $54 million, more than double
the 2009 - 2010 baseline (before program
implementation average of $25 million (Errend
et al., 2017). Eight fish stocks managed under
this catch share program have been rebuilt
(NOAA Fisheries 2018e).

Sorting walleye pollock onboard NOAA ship Miller Freeman during a stock and food source assessment in 2007. Credit: Ingrid Spies



DEVELOPING COMMERCIAL
AQUACULTURE

NOAA supports aquaculture research,
investment, and education mainly through

the National Sea Grant Program which began
in 1966 (Sea Grant Association 2016). NOAA
services help local businesses navigate
environmental and permitting requirements,
engage with coastal communities, and

foster increased consumer confidence and
demand for locally grown seafood. In 2016,
NOAA invested $9 million in aquaculture
research, technology transfer, and community
engagement, resulting in $90 million in
economic impacts, supporting 900 businesses
and 1,800 jobs (NOAA 2017g).In 2017, NOAA
invested $9.3 million for 32 public - private
research partnerships to further develop the
aquaculture industry (NOAA 2017g).

Aquaculture is Growing!

1.3 million jobs
supporting a
$1.4 billion
industry feeding
Americans 627
million pounds
of seafood - and
more every year!

NOAA'’s Fast Facts About Aquaculture

In 2016, NOAA collaborated with partners

to create the first framework for commercial
aquaculture in U.S. federal waters. This novel
permitting program in the Gulf of Mexico will
foster an increase in the production of safe
and sustainable seafood while promoting
vibrant coastal communities and economies.
The program will also help increase and
diversify the U.S. seafood supply and reduce
the $15.8 billion seafood trade deficit by
enabling up to 64 million pounds of cultured
product per year, a 70 percent increase in
marine aquaculture nationwide (NMFS pers.
comm., NOAA 2017i).

The grants were awarded through two
aquaculture funding competitions - Integrated
Projects to Increase Aquaculture Production
and Addressing Impediments to Aquaculture
Opportunities - to help spur the development
and growth of shellfish, finfish and seaweed
aquaculture businesses. The projects include
basic and applied research to improve efficient
production of seafood, permitting of new
businesses, management of environmental
health issues, and economic success of
aquaculture businesses.

/ ¢ . h.. S
Oyster aquaculture at the Horn Point Hatchery, Cambridge, MD



' TOURISM
AND RECREATION
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Ocean Guardian Student Ambassadors monitor Limpets Sandy Beach, Santa Barbara, CA.

Two-thirds of Americans visit a coast each
year (Jensen and Guthrie 2006), areas that
are popular for fishing, swimming, boating,
and wildlife viewing activities. NOAA bolsters
tourism by bringing together science-based
resource management, education, awareness,
and public engagement to protect marine
species while allowing economic and
recreational opportunities. Coastal tourism and
recreation accounts for nearly 15% of all U.S.
tourism and recreation establishments, and
14.7% of the national tourism and recreation
GDP (NOAA 2016a).

NOAA manages the use of coastal and
marine environments by regulating fisheries,
establishing a network of marine parks and
sanctuaries, and protecting marine mammals,
and threatened and endangered species.

NOAA also ensures public access to marine
and coastal resources. Each year, NOAA
creates or enhances hundreds of access
points, such as fishing piers and boat ramps.
From 2008 to 2011, the agency’s partners
developed 470 new access sites and
enhanced 730 other sites (NOAA 2017f).
Tourism and recreation are key contributors to
job creation and economic growth in coastal
communities.

In 2014, coastal tourism and recreation
supported 2.2 million jobs and numerous
industries, including lodging, food and
beverage services, amusement and recreation
services, and marinas, and contributed $110
billion to the national gross domestic product
(NOAA 2016a).

Father and son surfing



NOAA SANCTUARIES

NOAA plays a significant role in protecting a
variety of aquatic species, including marine
mammals, and promoting access to coastal
resources and marine locations. The agency
is the trustee of a more than 620,000-square-
mile network of underwater parks and national
marine sanctuaries, which support up to
72,000 jobs, $8 billion in output/sales, and
nearly $2.5 billion in income' (NOAA 2017I).

These marine parks also enhance cultural
heritage tourism by protecting shipwrecks
and other underwater resources of
exceptional archaeological or historic value.
Collaborating with local authorities, NOAA

is conducting designation processes to
consider establishing two new national marine
sanctuaries focused on cultural resources,
one in Michigan and the other in the Potomac
River near Washington, D.C. (NOAA 2017m).

In addition to these marine parks, NOAA also
supports management of an estuarine system
designed to protect the habitat and support
coastal recreation. These sites provide nearly
1.3 million acres for various forms of recreation
including 27 sites for recreational fishing.
Eighty percent of the sites allow commercial
fishing and waterfowl hunting.

' These values include recreation-tourism, commercial fishing,
and education/research.

o

Olympic Coast National Marine Sanctuary Beach Yoga 2017

ECOTOURISM AND
MARINE PARKS

Ecotourism involves responsible travel to
natural areas that conserves the environment
and sustains the well-being of the local
people. Marine sanctuaries are popular
ecotourism destinations.

In 2016, more than 86 million Americans
participated in ecotourism—a 20 percent
increase from 2006. They spent $75.9 billion
on wildlife-watching equipment, cameras,
wildlife food, travel, and books (U.S. Fish and
Wildlife Service 2017).

Education and interpretation are key
components of ecotourism. To promote safe
and responsible wildlife watching, NOAA
launched an ecotourism certification program
for interpretive guides. The curriculum
covers birdwatching, local ecosystems

and biodiversity, basic environmental
interpretation, and communication skills
(NOAA 2017j).

Other NOAA programs include:

- Interpretive enforcement activities to benefit
safe elephant seal watching in Monterey
Bay, California;

- A trained kayaking naturalists program in the
Hawaiian Islands Humpback Whale National
Marine Sanctuary; and

- Introduction of visitors to American Samoa’s
cultural heritage and lifestyle (NOAA 2017k).

Ocean Tourism and Recreation
The Top Five Contributors

Number of Workers Gross Domestic Product

California ......cc.ce... 418,000 ....c...ccveesescenncenne. 522 Billion
Florida.....cceesrrernrs 397,000 oo cvvvenscrrennsenenns. 518 Billlion w\
New York 334,000 $22 Billion H i
HAWI v 103,000 oo $7 BillioN v
New Jersey ....uuwe: 83,000 . cuvucurermssrnsssensrneriensees 34 Billion i

OCM Fast Facts on Tourism and Recreation 2015



CORAL REEFS

NOAA'’s Coral Reef Conservation Program
uses a multidisciplinary approach to
understand and conserve coral reef
ecosystems. The program focuses on effects
from the top three recognized global threats to
coral reefs:

- climate change (including ocean
acidification),

- land-based sources of pollution, and

- unsustainable fishing practices.

Seventy-five percent of coral reefs are
threatened worldwide; one-third of reef
building coral species are at risk of extinction
(NOAA 20170). NOAA delivers scientific
information and tools to coral reef managers
to effectively address these threats (Brander
and Van Beukering 2013).

& o CORAL REEFS: “~
Protectors and Providers

fisheries, tourism, and coastal communities
OCM Fast Facts on Coral Reefs

RECREATIONAL SAFETY

Visitors to marine areas participate in a variety
of water-based recreational activities. NOAA
provides a suite of products to promote safe
navigation, including nautical charts, sailing
directions, and real-time tide and current

data. These data and precise positioning
information give recreational boaters a clearer
picture of potential hazards on the water.
Swimming and other water-based activities are
also popular among beachgoers. Rip currents
caused 87 fatalities from January - November
2017 in the U.S. (NOAA 2017p).

NOAA helps to promote safe recreation in the
beach areas and the Great Lakes through its
education and outreach activities, combined
with weather forecasts and rip current
warnings for the Great Lakes.

MARINE DEBRIS PREVENTION
AND REMOVAL

Marine debris, solid matter that is disposed

of or abandoned in marine or Great Lakes
environments, is a significant global problem.
While a hazard to marine life and an eyesore
along shorelines, debris may reduce the value
of local recreation and cause economic losses
to tourism-dependent communities.

NOAA leads a number of initiatives to reduce
litter on beaches and raise awareness of
marine debris issues by collaborating with
coastal communities on cleanup projects.
Since 2006, NOAA has supported more than
100 projects, removing more than 5,500
metric tons of debris from coasts and oceans
(NOAA 2017n).

A study showed that residents in Orange
County, California, would save $32 million in
travel costs if beach litter were reduced by
25%,; eliminating beach litter completely would
save $148 million (Leggett et al., 2014).

4%, Economic Benefits from Reducing Marine Debris
‘W@ in Orange County, California

Debris Reduction Economic Benefit

(in millions of dollars)

25% $32
50% $67
75% $106
100% $148

From a study of 31 beaches in Orange County, California,
conducted by NOAA's Marine Debris Program.
Projected savings Is over a perlod of three months,

P

OCM Fast Facts on Marine Debris




INSURANCE
AND REINSURANCE

<

The insurance industry depends on NOAA's
climate models, weather maps, and elevation
data to identify insurance needs and to
calculate risks. Data from NOAA provide
economic insulation against the impacts of
weather related catastrophes. The ability to
price risk means that reinsurance can provide
a safety net for primary insurance in the event
of natural disasters. These sectors protect
communities from the economic impacts of
extreme weather events.

Finance and insurance are large, high-growth
sectors that drives substantial economic
activity in the United States, $1.5 trillion of

the U.S. gross domestic product in 2016 (BEA
2018). More than 3.8 million establishments
are located in shoreline areas where insurance
is an imperative during disaster recovery
(NOAA 2017r).

NOAA Digital Coast - Coastal Vulnerability

NOAA also creates benefits for reinsurance
agencies, which offer backup financial
protection. Reinsurers typically assume about
65 percent of insured losses after a natural
disaster, taking the financial burden off
primary insurers (NOAA 2016b).

Reliable and thorough data helps reinsurance
firms assess the effects of various scenarios
and estimate risk accordingly. Climate data
and an understanding of extreme events help
the management of the trillion-dollar insurance
and reinsurance industries.

Weather derivatives are index-based products
geared to average seasonal and monthly
weather in specific cities based on historical
data. Businesses use weather derivatives to
hedge risk from atypical weather conditions,
for example, a heat wave event. These
financial tools transfer risk; the weather
derivatives market is estimated at

$12 - 45 billion annually (Gandel 2018).



UNDERSTANDING AND
MONITORING CLIMATE

NOAA research improves climate modeling
tools that estimate expected precipitation

in certain agricultural regions. Through
climate prediction services such as the El
Niflo Southern Oscillation Outlook, insurance
agencies understand projected conditions
and plan accordingly to insure agricultural
production, keeping the agricultural industry
vibrant regardless of production declines or
damage caused by precipitation extremes.

NOAA also contributes to data on sea levels
and land elevation, which influence insurance
plans in coastal zones. NOAA'’s Digital Coast
partnership website provides comprehensive
coastal data and tools that insurance
agencies can use to better visualize and
assess risks to coastal communities. Digital
Coast makes it easier for users to locate

and apply the resources needed to address
coastal challenges. A study on the benefits of
Digital Coast estimated that, in 2013, Digital
Coast provided net benefits of $6.7 million
(NOAA 2015a). The benefits of the continued
operation of the Digital Coast through 2028
are projected to exceed costs by a factor of
five to one. Equally valuable, but not reflected
in these figures, are the intangibles: the
communities and natural resources that are
preserved and enhanced through the use of
this information (NOAA 2015a).

The National Ocean Service and its partners
integrate science and services to provide
usable information that is usable for decision-
makers and the general public to make
informed choices on their use and stewardship
of coastal resources.

MANAGING DISASTERS

NOAA resources explain the effects of past
disasters and help communities reduce the
impact of future events. Tools such as the
Coastal Flood Exposure Mapper (NOAA
2018c) are used as part of a community self-
assessment process to increase hazardous
weather preparedness (NOAA 2018c, NOAA
2018d). These community self-assessments
provide recommendations that if implemented
can reduce risk and decrease flood insurance
premiums. (FEMA 2018).

The Billion-Dollar Weather and Climate
Disasters database allows users to visualize
the extent of disaster effects, evaluate trends
across regions and time, and improve capacity
estimates for future events.

Between 1980 and 2017, there were 219
weather and climate disasters in the United
States where damages exceeded $1 billion
(CPI adjusted 2018 dollars), totaling more than
$1.5 trillion. This estimate includes initial cost
estimates for Hurricanes Harvey, Irma, and
Maria, but does not yet include the extensive
damage from wildfires in late 2017 (NOAA
2018a).
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Insured Losses, 1986-2015, Adjusted for Inflation

TEXAS
$55.0
10.7%

FLORIDA
$68.6
13.3%

New York
$44.0
8.5%

Rest of U.S. (2)
$347.8
67.5%

Total $515.4 billion

OCM Fast Facts about Hurricane Costs



Students from Simon Sanchez High School view sedimentation in the Achang Marine Preserve October 2015

NOAA'’s science-based, region-specific
information and tools help improve crop
management decisions and reduce production
risks associated with weather variability, climate
change, and extreme weather events. This is
vital to an industry that operates with tight profit
margins. The U.S. Department of Agriculture
(USDA) estimates that in 2016-2017, U.S. crop
production accounted for 34 percent of the total
global crop production (USDA 2017).

Climate Corporation, a digital
agriculture company valued at more
than $1 billion, uses NOAA products
to inform their agricultural consultant

services and insurance policies
(Tsotsis 2013).

HELPING FARMERS IMPROVE
CROP MANAGEMENT

NOAA monitors and forecasts drought
conditions and estimates soil-water availability,
allowing agricultural producers to get the
most out of their crops while managing

water resources during drought conditions.
Through public/private partnerships, NOAA
facilitates drought research and publishes
data on drought indicators. These data
provide decision makers, resource managers,
community leaders, and citizens needed
information for planning purposes. NOAA
collaborates with the USDA at the Joint
Agricultural Weather Facility, formed in

1978, to determine the effects of weather
conditions on crop and livestock production.
This is valuable information for commodity
forecasters and USDA officials as weather
forecasts can affect commodity prices and
crop production expectations (USDA 2017a).



Improving El Nifio outlooks can increase
agricultural production and boost the U.S.
economy by up to $300 million annually
(NOAA 2016¢c). NOAA uses crop-specific
case studies to make it easier for farmers
to understand the implications of weather
and climate on crop production. Florida
crop farmers use NOAA'’s seasonal climate
forecasts to adjust crop selections and
planting schedules so they get the most from
their crop yields and profits (NOAA 2012).

HELPING FARMERS REDUCE
ENVIRONMENTAL EFFECTS

NOAA leads education and research on
reducing the environmental effects of
pesticides. The Great Lakes and Gulf of
Mexico regions experience nutrient pollution

caused by agricultural fertilizer runoff. NOAA’s
Runoff Risk Decision Support tool is a real-time

U.S. Drought Monitor

Author:
David Miskus
NOAANWS/NCEP/CPC

forecast that issues multiple daily forecasts to
help farmers make informed decisions about
when to apply fertilizers to reduce runoff and
pollution (NOAA 2017r).

The NOAA National Sea Grant College
program works to better understand
the effects of pesticide runoff on water
quality and marine biodiversity. California
Sea Grant researchers are studying the
effects of neonicotinoid pesticides from
urban and agricultural runoff on estuaries
and coastal streams in the Santa Barbara
area. The research helps determine how
pesticide runoff affects marine species,
the ecosystem, and agricultural production
(California Sea Grant 2017). Ultimately,
this research prevents damages to marine
ecosystem and agricultural production.

September 4, 2018
(Released Thursday, Sep. 6, 2018)
Valid 8 a.m. EDT

Drought Impact Types:
r~ Delineates dominant impacts
§ = Short-Term, typically less than
€ months (e.g. agriculture, grasslands)
L = Long-Term, typically greater than
& months (e.g. hydrology, ecology)

Intensity:

[] DO Abnormally Dry
[] D1 Moderate Drought
D2 Severe Drought
I D3 Extreme Drought

I D4 Exceptional Drought

The Drought Monitor focuses on broad-

scale conditions, Local conditions may
vary See accompanying text summary for
forecast statements.
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Weekly Map from 350+ Contributors around the United States



e MINING

Offshore mineral extraction includes oil and
gas exploration and production; extraction

of limestone, sand, and gravel; and seafloor
mining. In the United States, this industrial
sector is dominated by oil and gas exploration
and production. Offshore oil and gas extraction
is concentrated in the Gulf of Mexico and
accounts for approximately 17 percent of the
oil and gas produced in the United States (U.S.
Energy Information Administration (EIA) 2017a).
Extraction of limestone, sand, and gravel is
widely distributed among the U.S. coastal states
and generally occurs in support of construction
activities (NOAA 2016a).

In the last 10 years, total offshore oil and gas
production has been relatively stagnant (EIA
2016b); however, an Executive Order, signed
on April 28, 2017, encourages offshore energy
exploration and development of the outer
continental shelf (Bureau of Ocean Energy
Management 2017).

.

Onboard a sand dredger, Miami, Florida. Credit: Denis Delestrac 2013

NOAA supports sustainable offshore mineral
extraction through mapping the seafloor,
forecasting winds and storms, and tracking the
timing and migratory routes of endangered
species. NOAA hosts 32 terabytes of water
column sonar data that can support offshore
mineral exploration and development (NCEI
2018). Seafloor mining is an emerging industry
that can help supply many of the rare metals
required for modern electronics (Hein et al.,
2013).

Oil and gas drilling rigs anchored off Louisiana.
Credit:Todd Kihle, NOAA Fisheries



SUPPORTING OFFSHORE
MINERAL EXPLORATION AND
DEVELOPMENT

Accurate seafloor mapping is critical

for offshore oil and gas exploration and
development. Seafloor data are used for
exploration, geological modeling, pipeline
routing, facilities planning and installation.

NOAA data and technologies help overcome
the technical challenges of exploring for

oil, gas, and mining opportunities. The

Joint Hydrographic Center — a cooperative
partnership between NOAA and the University
of New Hampshire — developed an operation
and mapping technology that helps companies
to identify, characterize, and exploit oil and
gas reserves in water deeper than 10,000 feet,
expanding the sector’s production potential
(NOAA, University of New Hampshire 2017).

An underwater mineral exploration
company has been using NOAA’s deep-
sea robot, the Autonomous Benthic
Explorer, to map the seafloor and
learn more about mineral deposits and
hydrothermal vent sites in the Bismarck
Sea, near Papua New Guinea (Woods Hole
Oceanographic Institution (WHOI) 2017;
Woods Hole Oceanographic Institution
(WHOI) 2009).

Crew members recover ABE aboard R/V Atlantis after a dive

NOAA OCEANOGRAPHIC
RESEARCH

NOAA ships provide research and mapping
information to better understand the ocean
seafloor. In March 2017, NOAA's largest
oceanographic research vessel, NOAA ship
Ronald H. Brown, returned to its Charleston,
South Carolina homeport after a 1,347-day
deployment—the longest of any NOAA ship.
During its multiyear voyage, the ship traveled
nearly 130,000 miles, and:

Surveyed 353,975 square miles of seafloor
to map the United States Extended
Continental Shelf;

- Deployed, recovered, and serviced more
than 80 buoys that monitor weather
conditions in the tropical ocean;

- Studied ocean acidification and intense
moisture bearing winter storms known as
atmospheric rivers off the U.S. West Coast;

.« Took more than 1,600 water
measurements; and

- Conducted ecological assessments of
bays on the north slope of Alaska, and
fishery and oceanographic studies off the
Arctic coast of Alaska.

NOAA Ship Ronald H. Brown



OCEAN AND COASTAL
STEWARDSHIP

Drilling activities from oil and gas exploration
can disturb fish and marine mammals through
sound, the discharge of pollutants, and the
physical presence of vessels. NOAA has
collaborated with the U.S. Department of the
Interior to conduct exploratory surveys and
experiments to characterize the geological
and biological impacts of oil and gas
exploration on the Gulf of Mexico continental
shelf. These activities inform preventive and
strategic measures to protect the marine and
coastal environments while allowing offshore
energy production (Boland, n.d.).

NOAA'’s distribution of real-time satellite
imagery is essential to mitigate, warn of, and
respond to spills, reducing the spread of
contaminants and their effects to land and
water. This work is critical as the agency
responds directly to approximately 100

oil and chemical spills each year and also
provides information to support remediation
of thousands of smaller spills in marinas and
urban and industrial waterways (NOAA 2017s).

NOAA'’s satellite analysis was critical
for tracking the impacts from the
Deepwater Horizon oil spill and
deploying a targeted response. NOAA
ships and aircraft collected data used
to support commercial and recreational
fisheries, analyze seafood safety, map
oil trajectories, and monitor protected
species. The cost of the response,
cleanup, settlements, and penalties
resulting from the spill is estimated
around $62 billion (Bomey 2016).

Julianna Probst

A view of the Deepwater Horizon oil spill from NASA's Terra Satellites on May 24, 2010. When oil slicks are visible in satellite images,
it is because they have changed how the water reflects light, either by making the sun’s reflection brighter or by dampening the
scattering of sunlight, which makes the oily area darker. Image credit: NASA.
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Americans depend on many utilities, including
natural gas, drinking water, sewage, and
sanitation services. Electric power generation
and distribution dominate the utility sector.
The United States is the world’s second
largest energy consumer and the demand for
electricity continues to grow. The U.S. Energy
Information Administration (EIA) forecasts a
2.5 percent growth per year from 2016 to
2050 (EIA 2017b). Poor water quality, water
shortages, or flooding can jeopardize water
security and affect public health. To ensure

a safe public water supply, NOAA provides
information and decision- support services

to state and local governments so they can
manage water resources more efficiently and
effectively.

U.S. electricity producers save $166 million
annually (or $204 million in 2016 dollars) by
using NOAA temperature forecasts (Teisberg,
Weiher, and Khotanzad 2005).

rescued from flooding after 2017's Tropical Storm Harvey in Texas

NOAA research, observational tools, and
weather forecasts are essential to utilities’
daily operations and selecting where these
facilities are located. Data provided by
NOAA'’s National Geodetic Survey enable
utility companies to accurately position and
install infrastructure, such as transmission
lines, underground cables, and pipes. NOAA
data and products help power and water
companies save billions of dollars in avoided
damages, lost revenues, and operating costs,
while ensuring public health and safety.
NOAA'’s weather products allow power
companies to anticipate storms or peak
energy demand times to mobilize crews or
manage energy loads as needed.

NOAA data and tools support utility services
and help protect U.S. electric infrastructure,
which were valued at $1 trillion in 2014 (U.S.
Department of Energy 2014).



HELPING UTILITIES ENDURE THE
WEATHER

Weather is the largest and costliest

factor in power generation, transmission,
and distribution in the utilities industry.
Temperature changes can cause significant
fluctuations in electricity demand. Severe
weather can cause widespread electric
outages, as power plants, substations, and
transmission lines are affected by high winds
and flooding.

Utilities rely on NOAA’s weather products

to ensure continuity of services. Power
companies use NOAA temperature forecasts
to predict changes in electricity demand and
adjust operations in response. Utility operators
also use NOAA data to predict the effect of
weather on energy prices, determining the
amount of energy to purchase, and forecasting
energy production up to nine days in advance.

In 2017, NOAA’s weather forecasts
allowed utility companies to better
prepare for Hurricanes Harvey and
Irma. At its peak, Hurricane Irma caused
power outages for 5.6 million customers
in 10 of the largest utilities in Florida (EIA
2017c¢). Mutual aid crews from more than
12 states traveled to Florida to restore
power after the storm (American Public
Power Association 2017). Florida Power
and Light also mobilized its restoration
workforce and pre-positioned them
in more than 20 staging areas near
communities expected to endure the
greatest damage (Florida Power and
Light Co. 2017). Such preparedness
allowed power companies to more
quickly restore electric power after
outages and mitigate substantial
losses to commercial and residential
consumers from power outages.

PROTECTING THE ELECTRIC GRID
FROM SPACE WEATHER

Space weather events produce geomagnetic
disturbances that make utilities vulnerable to
service disruptions, space weather-induced
blackouts, and grid infrastructure damages.

Space weather takes a significant toll on

the U.S. electric grid, causing power grid

disturbances with losses for commercial and
residential customers ranging from $400
million to as much as $20 billion in extreme
scenarios (Abt Associates 2017).

NOAA satellites continually monitor space

weather to identify potential storms and

provide the data needed to inform decision-
makers. In 2015, NOAA launched its first
deep space satellite, Deep Space Climate
Observatory (DSCOVR), to monitor solar wind
and space weather. DSCOVR collects and
relays real-time data critical to the accuracy
and lead time of NOAA'’s space weather
alerts and forecasts (NOAA 2015b). NOAA
also maintains an Electric Power Community
Dashboard to monitor space weather, solar

wind conditions, and their effects (NOAA

2017t). These services allow companies to
protect the power grid, potentially saving
hundreds of millions of dollars in avoided
damages.

DSCOVR is a partnership between NOAA, NASA and the U.S.
Air Force. DSCOVR will maintain the nation's real-time solar
wind monitoring capabilities which are critical to the accuracy
and lead time of NOAA's space weather alerts and forecasts.
The satellite will also host NASA-funded secondary sensors for
Earth and space science observations.



ALTERNATIVE ENERGY SOURCES

To help build a secure and sustainable
domestic energy supply, NOAA collaborates
with other federal agencies, state and

local governments, and the private sector.
NOAA'’s visualization and analysis tools,

such as MarineCadastre.gov, allow project
developers to access and review a variety of
data, including maritime boundaries, shipping
zones, and critical habitat designations to
identify potential areas for development.

Offshore wind is a growing industry, the

first commercial U.S. offshore wind farm off
the coast of Rhode Island came online in
December of 2016. More than 1200 acres have
been leased for offshore wind development
on the East Coast (US Energy Information
Administration 2016a). The National
Renewable Energy Laboratory has estimated
that the United States could potentially
develop 4,200 gigawatts of offshore wind
energy (Lopez et. al 2012).

NOAA and the U.S. Department of Energy
Wind Program are collaborating to target
wind observations and advanced forecast
models and algorithms to help manage the
contribution of wind energy to electricity grids
(U.S. DOE 2016). NOAA has also joined with
the U.S. Department of the Interior’s Bureau
of Ocean Energy Management to provide
biogeographic information on the effects of
offshore wind turbines on marine species and
ocean patterns so wind farms can be placed in
areas of reduced risk (NOAA 2017u).

Wind farms - MarineCadastre.gov

MONITORING WATER SUPPLIES

NOAA developed the National Integrated
Drought Information System to improve the
Nation’s capacity to manage drought- related
risks. The system integrates locally relevant
data and technologies to detect, understand,
and communicate drought risks to decision-
makers. It allows stakeholders to better
monitor, forecast, plan for, and cope with the
effects of drought.

The NOAA Aquifer Storage and Recovery
Initiation Index helps water utilities reduce
emergency expenditures and ensure
adequate water supply for about one million
Florida residents. The Index helps managers
decide when to draw from storage supplies
during dry conditions when river flows are low.

Tampa Bay Water relies on NOAA data to
manage numerous risks to the public water
supply, including drought, flooding, and the

threat of saltwater intrusion. Using NOAA
data on projected changes in precipitation,

Tampa Bay Water systematically estimates the

utility’s source water vulnerability and ensures
the best water blend. The utility evaluates
options to draw fresh seawater that needs
desalination (approximate costs are $5 per

1,000 gallons) versus drawing fresh water
from aquifers and rivers (approximate costs

are $2 per 1,000 gallons), potentially saving as
much as $30,000 per day (U.S. Environmental
Protection Agency 2016).

ROUBHT
WATER

A sign in Los Angeles advises motorists to save water in 2014



Algae that live in both saltwater and
freshwater can grow out of control, creating
Harmful Algal Blooms (HABs) and “red tides.”
There are several species of algae that can
affect local water supplies or cause shellfish
toxicity, making people sick.

NOAA helps track harmful algal blooms in the
Great Lakes, and other locations, to inform
local utilities on water supply management
issues. In addition, state shellfish managers
and public health officials can more selectively
close fishing areas and beaches to protect
public health while reducing economic losses
from shellfish bed closures. Economic losses
from closures can be substantial. NOAA’s
Great Lakes HAB Tracker produces five-day
forecasts of bloom transport and concentration
and provides situational awareness of blooms.
These forecasts aid water treatment plant
managers as they prepare for blooms that
appear to move towards water intake lines.

In 2014, 500,000 Toledo, Ohio residents
received timely warnings to avoid drinking
local water because of toxins overwhelming

a water treatment plant in Lake Erie (NOAA
2014).

During the Toledo, Ohio HAB event in
2014, one study showed that the event
cost Lake Erie shoreline property owners
an estimated $10 million in property value
services while nearshore owners lost $7.9
million (Bingham et al. 2015).

Ohio Sea Grant researcher studies harmful algal blooms

Algae bloom visualization. Peter Essick, National Geographic / Resource Out of Place Visualization 2015



Video engineer Roland Brian troubleshoots ship’s equipment. Office of Ocean Exploration and Research

NOAA tools and data are particularly critical to
the construction sector in coastal areas, where
buildings and infrastructure are especially
vulnerable to natural hazards (NOAA 2017v).
Construction planners rely on NOAA data to
incorporate the best-available information
about conditions such as sealevelrise and storm
surge as they decide on building locations and
specifications.

Severe weather in non-coastal communities
also causes structural damage that endangers
residents and hinders economic activity.

Florida has 2.7 million homes at risk of storm
surge damage along its coastline, with an
estimated reconstruction cost of $500
billion. The rest of the Gulf Coast includes
more than 2.9 million homes at risk, with a
reconstruction cost valued at $592 billion.
While fewer structures in New York City are
at risk for storm surge damage, the estimated
reconstruction cost is $260 billion
(CoreLogic 2016).

In Texas and Oklahoma, severe flooding
claimed more than 30 lives and caused over
$2.6 billion in damage, including significant
structural and property damage in May 2015.

In Colorado, a May 2017 severe hail storm
caused roughly $2.2 billion in damage. In the
Northeast, record snowfall in 2015 damaged
thousands of buildings from snow loads on
roofs, totaling $4.6 billion in direct losses

(NOAA 2018a).

Newly constructed shoreline erosion protection



NOAA BUILDS CONSTRUCTION
PRODUCTIVITY AND SAFETY

NOAA provides climate guidance and data

that help engineers develop safer construction

criteria, select sites, and design safe and

energy-efficient airports, commercial buildings,

housing, schools, and more. Architects,
engineers, and city planners use NOAA’s
geospatial data to design and construct
buildings to withstand hurricane-force winds.
They use historic precipitation data and sea
level data to build roads above potential flood
levels, and maximum precipitation data to
design and construct dams and hydropower
plants. NOAA data are used to improve
construction technology, resulting in better
insulation, strategic window placement, and
more efficient heating and air conditioning
systems (NOAA 2010).

NOAA'’s influence on the construction

sector extends beyond weather and climate
forecasting: NOAA’s Coastal Change and
Analysis Program provides 30-meter land
cover data and data from the digital elevation
model that often are used by planners,
developers and engineers.

Crews remove water from a site in Aberdeen, WA

NOAA'’s National Geodetic Survey provides
the geospatial data necessary for accurate
land surveys, which are required for all
construction projects. NOAA data enable
surveyors to attain centimeter-level accuracy
to ensure accurate heights and positioning at
the construction site.

NOAA'’s National Geodetic Survey’s
Continuously Operating Reference

Station system determines boundaries for
construction and land use, essential data for
construction site managers and planners.

NOAA’s GRAV-D, or Gravity for the
Redefinition of the American Vertical Datum,
provides accurate elevation data that make
it possible for construction projects to avoid
unstable areas, or ensure appropriate
structural precautions to minimize potential
damage (Leveson 2009).

Pilot Tom Washington inspects gravimeter data
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MANUFACTURING AND
RETAIL TRADE

NOAAdatahelpmanufacturersandretailersplan
operations, improve output, and offer timely
services. Manufacturers and retailers use NOAA
forecasts during natural disasters to ensure
supplies reach communities in need. NOAA
supported a portion of the economic effect
from retail segments by supplying accurate and
timely data on weather and climate conditions
nationwide (U.S. Bureau of Labor Statistics 2017,
U.S. Bureau of Economic Analysis 2017).

PREPARING FOR DEMAND AND
SUPPLY

NOAA’s accurate weather forecasts, storm
tracking, and long-term climate predictions
enable manufacturing and retail trade sectors
to better understand seasonal fluctuations and
anticipate spikes in demand. NOAA’s data can
help companies prepare for weather-related
disturbances and create backup plans to avoid
production disruptions and reduce financial
losses (Schechter 2015). Severe weather can
have significant consequences throughout a
product’s supply chain, halting production or
potentially leading to employee evacuations.
These consequences often require quick
action and must be managed strategically to
ensure employee safety while limiting costs to
producers.

Down jackets at retail store

Companies are increasingly using weather data
to better understand customer needs and how
buying patterns change with the weather. For
example, companies cantrack thetemperatures
atwhich consumers start buying cold beverages
instead of hot beverages. Companies can
stock supplies based on regional trends and
conditions. Analyzing how weather affects
buying decisions can help boost sales and
increase revenue (Peters 2017; Schechter 2015).

GEOSPATIAL DATA INCREASES
RETAIL REVENUE

NOAA'’s National Spatial Reference System
provides the foundation for all federal
geospatial data, including digital maps that
millions of American drivers use daily. Use
of these navigational tools reduces travel
time and increases purchasing efficiency for
consumers. The average shopper can save
more than 11 hours each year by using digital
maps to locate retailers. This translates to an
estimated consumer benefit of about $280
billion worldwide (Alphabeta 2017).



NOAA ENRICHES LIFE THROUGH

V SCIENCE AND INNOVATION

Science on a Sphere

NOAA provides citizens, planners, emergency managers, and other decision-makers with reliable

and timely environmental intelligence needed to make informed decisions. NOAA gathers data and
observations through people and sensors (e.g., satellites, marine vessels, aircraft, buoys), and uses data to
generate important research and analyses. The research results and analyses provide crucial information,
products, and services to businesses, local and state governments, academia, other researchers, and the

public.

NOAA CONDUCTS ITS WORK THROUGH THESE SIX LINE OFFICES:

NATIONAL ENVIRONMENTAL
SATELLITE, DATA, AND
INFORMATION SERVICE

The National Environmental Satellite,

Data, and Information Service, NESDIS,
provides timely access to global environmental
data from satellites and other sources to
promote, protect, and enhance the national
economy, security, environment, and quality of
life. NESDIS acquires and manages the Nation’s
operational environmental satellites, provides
data and information services including Earth
system monitoring, and develops and produces
information products and models from observed
data; and performs official assessments of the
environment and related applied research. NOAA’s
environmental satellite data are essential for
forecasting weather, analyzing environmental
and climate phenomena, and monitoring hazards
worldwide. This 24/7 global coverage provides
information used to prepare for events that
influence our climate, weather, oceans, and daily
lives. nesdis.noaa.gov

NATIONAL MARINE
FISHERIES SERVICE

The National Marine Fisheries
Service, NMFS or NOAA Fisheries,
is responsible for the stewardship of

America’s ocean resources and their habitat.
NOAA Fisheries provides vital services for the
nation- productive and sustainable fisheries, safe
sources of seafood, the recovery and conservation
of protected resources, and healthy ecosystems—
all backed by sound science and an ecosystem-
based approach to management. U.S. fisheries
play an important role in the Nation’s economy

by providing opportunities for commercial,
recreational, and subsistence fishing, while
supplying sustainable seafood for the American
people. Well-managed fisheries also contribute to a
healthy and resilient ecosystem.

fisheries.noaa.gov



NATIONAL OCEAN SERVICE

The National Ocean Service,
NOS, provides data, tools, and
services that support coastal
economies and their contribution to
the national economy. NOS advances safe and
efficient transportation and commerce; hazard
preparedness and risk reduction; and stewardship,
recreation, and tourism. NOS develops navigational
charts; provides real-time data to promote efficient
and safe waterborne commerce; responds to
natural disasters; manages water-level sensors
to support accurate weather forecasts and safe
navigation, flood predictions, tsunami warnings;
and promotes stewardship, recreation, and tourism
by protecting and increasing access to coastal
and marine areas; protects mammals in water
environments; provides a national coordinate
system that provides the foundation for mapping,
charting, transportation, and construction activities
in the Nation. oceanservice.noaa.gov

NATIONAL WEATHER
SERVICE

The National Weather Service
(NWS) provides weather, water,

and climate data, forecasts and
warnings to protection life and property and
enhance the national economy. NWS' Impact-
Based Decision Support Services (IDSS), provides
relevant information and interpretative services
to core partners, especially those in emergency
management and water resource management,
can make decisions when weather, water, or
climate directly affects the protection of lives and
livelihoods. IDSS helps core partners prepare,
mitigate, respond, and recover from weather,
water, or climate events. weather.gov

OCEANIC AND
ATMOSPHERIC RESEARCH

Oceanic and Atmospheric Research,
OAR, or NOAA Research provides
the foundation for understanding the

complex systems that support our planet. NOAA
Research enables better forecasts, earlier warnings
for natural disasters, and a greater understanding
of the Earth. OAR provides unbiased science to
better manage the environment, nationally, and
globally. OAR's unique role within NOAA serves
other NOAA capabilities through research and
development on topics related to climate, weather,
oceans, and coasts. OAR's research increases

the effectiveness of NOAA'’s other line offices,

as well as a great range of partners in the public,
private, and academic sectors. OAR's research
and development are essential public goods: They
include environmental data sets; peer-reviewed
journal articles; predictive models of weather,
climate, and ecological systems; training and
education on the science and technology; new
commercial technologies; and the next generation
of scientists, engineers, and entrepreneurs.
research.noaa.gov

OFFICE OF MARINE AND
AVIATION OPERATIONS

The Office of Marine and Aviation

Operations, OMAO, manages and
operates NOAA's fleet of 16 research

and survey ships and nine aircraft. OMAQO’s

research and survey ships are the largest fleet of
federal research ships in the Nation. Comprising
civilians and officers of the NOAA Commissioned
Officer Corps (NOAA Corps), OMAO also manages
the NOAA Diving Program, NOAA Small Boat
Program, and the NOAA Aviation Safety Program.
One of the nation's seven uniformed services,
NOAA Corps provides a cadre of professionals
trained in engineering, earth sciences,
oceanography, fisheries science, and other related
disciplines. Corps officers operate NOAA'’s ships,
fly aircraft, manage research projects, conduct
diving operations, and serve in leadership positions
throughout NOAA. omao.noaa.gov




NOAA’S EFFECT ON THE NATIONAL ECONOMY

NOAA offices generate products and services that the United States uses to stay informed, avoid
danger, and thrive. Many of NOAA's products are used by multiple economic sectors.

NOAA OFFICE MAJOR ACTIVITIES

NATIONAL - Enables timely and accurate weather predictions and real-time
ENVIRONMENTAL S .
hazards monitoring such as tornadoes, hurricanes, dust storms,
SATELLITE, . ) )
volcanic eruptions, and forest fires
DATA, AND )
§ - Detects and observes meteorological phenomena
INFORMATION . N
SERVICE - Provides a platform for emergency weather communications
(NESDIS) Uses satellites to aid in search and rescue

NATIONAL - Manages fisheries to foster sustainable fishing opportunities

MARINE - Ensures seafood products’ quality and safety

FISHERIES - Supports sustainable aquaculture

SERVICE - Protects and recovers threatened and endangered marine
(NMFS) species

- Develops navigational charts

NATIONAL - Provides real-time data to promote waterborne commerce and
OCEAN SERVICE supports accurate weather forecasts, safe navigation, flood
(NOS) predictions, tsunami warnings

- Promotes ocean stewardship, recreation, and tourism

- Provides weather, water, and climate data, forecasts, and

NATIONAL warnings to protect life and property that serves as a basis for the
WEATHER growing weather and water enterprise and related private sector
SERVICE serving America's weather needs
(NWS) - Maintains remote observation buoys that warn of tsunamis,

weather, and ocean temperature changes

- Conducts research and develops predictive models for use

@ ® & O

OCEANIC AND in weather, air quality, climate, solar, ocean, and emergency
ATMOSPHERIC management
RESEARCH - Develops and deploys new observation technologies to provide
(OAR) data to support predictive models and to document natural
variability
OFFICE OF - Provides accurate and reliable data from observation platforms
MARINE AND to support hydrographic and fisheries surveys, atmospheric,
AVIATION hydrologic, and climate research missions

OPERATIONS - Provides hurricane reconnaissance and research
(OMAO) - Supports emergency response
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