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NOAA Organization

National Oceanic and Atmospheric
Administration (NOAA)

To understand and predict changes in the Earth’s
environment, and conserve and manage coastal and
marine resources to meet our nation’s economic, social,
and environmental needs.




Climate Changes Are Underway In The U.S.
And We Will See More

Temperature rise Observed U.S. Sea-Level
Sea-level rise

Increase in heavy downpours
Rapidly retreating glaciers
Thawing permafrost

Longer growing season

Longer ice-free season in the
ocean and on lakes and rivers

Earlier snowmelt
Changes in river flows

Total Sea-Level Change 1958-20.06 (inches)
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Source: Tom Karl, NOAA National Climatic Data Center




Potential Health Effects of Climate Change

Climate Change:

Temperature rise
Sea level rise
Hydrologic
extremes

Ocean currents
Ocean acidification

Adapted from J. Patz

HEAT

SEVERE WEATHER

AIR POLLUTION

ALLERGIES

VECTOR-BORNE DISEASES

WATER-BORNE DISEASES

WATER AND FOOD SUPPLY

MENTAL HEALTH

ENVIRONMENTAL REFUGEES

Heat stress, cardiovascular
failure

Injuries, fatalities

Asthma, cardiovascular
disease

Respiratory allergies, poison
ivy

Malaria, dengue, encephalitis,
hantavirus, Rift Valley fever,
zoonotics, microbial
contamination

Cholera, cryptosporidiosis,
campylobacter, leptospirosis

Malnutrition, diarrhea,
harmful algal blooms

Anxiety, despair, depression,
post-traumatic stress

Forced migration, civil conflict




What are the human health consequences of
climate- related changes in

ocean and coastal health?

bacterial/viral
Tis AREA IS CLoSED g contamination of

ny coastal and
drinking waters

and ecosystem services




What does NOAA do to address the
health impacts of Adaptation?

Provide observation, monitoring, modeling and prediction tools—across time
scales

— Tornados, Hurricane, Heat waves, Drought, Climate

— Ocean and Coastal, Climate and Weather, Fish
Disaster Management and Emergency Response
Develop Decision Support Tools for Human Health

— Food security and supply (Seafood and Agriculture), Coastal Inundation,
Beach management, Marine Mammal Health

New emphasis on Climate Services

Support Innovative Research and Technology development

— Joint Announcement on Climate Variability and Human Health 1998-2004; NOAA,
NSF, EPA, NASA and EPRI

— Regional Integrated Science and Assessment, Oceans and Human Health,
Partnering with Public Health--
Problem definition, Data, Communication, Research, Application

But Health Impact Assessment......?7??




Health Across NOAA

Across all NOAA Line offices
Health is reflected in:
— NOAA Strategic Plan, Goals, National Climate Assessment

Science Advisory Board Recommendations —One Ocean, One Health,
NOAA in the Lead

1 Forecasts of impending threats

1 Surveillance systems for emerging pathogens, contaminants, and
toxins that affect health;

1 Climate change effects on ocean-related health outcomes
Collaborations with health agencies, e.g., CDC, NIH, FDA, EPA, VA

USGCRP Climate Change and Human Health Working Group

— MEDS - Monitoring, Early Warning Systems, Data Integration, and
Surveillance --Interactive inventory of Federal datasets

Links to Observation Systems—IOOS, GCOS, GEOSS
Data Centers-Climate, Geophysical, Oceanographic




w Adaptation Across Time Scales:
== Forecast Products—Days to Decades

Forecast
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Protection of
Life & Property
Flood Mitigation
& Navigation
Space
Operation
Transportation
Fire Weather
Hydropower
Agriculture
Reservoir
Control
Recreation
Ecosystem
Commerce
State/Local
Planning
Environment




NOAAWatch

Unibed States Departrment of Commeaerce

Matiomnal Oceanic and Atmospheric Admiinistration
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Sn upper-lewel trough will push inte the Central Plains Monday
ewening., dislodging the front draped from the Mississippi walleyw
to the Mid-Aatrlantic coast. & strong mid-lewel shorowawe will

Storm Surge &
Codastal Floods

mowe acrass the Central Plains before dewvelaping intos a low ower il & Chemicel
th=e upper Midwest. This area of low pressure will remain cwer the Spillx

Midwrest through Tuesday., slowing the sasteward progressiocn of
rthe front,. The set up ower the scurtheastern U.S. fawors strong
moisture return flow frem the Sulf, creating an enwircnmeant rife
with wwarm moist air. Inscabilicy from che froene, along with stroeng
upper-lewvel dynamics will continue to support wide-spread heawy
rainfall and thunderscroerms. & Pacific sywstem will enter the
Moerchvwest early Monday. Moderat=s to heawy rain will begin aleng
the Pacific Morchwest cocast by dawbreak Monday and will
continue through the sarly afterncon. Sctrong upper-lewel

BRip Currents

Severe Westher

Spisce WWeasther
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The Climate/Weather Scale v.Perspective

Character

Localities,
points;
mins to
days

“Data Access”,
“Climatological Data”

“Nowcasts”,
“Watches, Warnings
& Advisories”

“Forecasts”

Deterministic: exact

numbers detailed,
.S q

precise, lots of noise

States,

regions; days

to months

US Climate at a Glance;

Archived Reports

“Climate Monitoring”

“Seasonal outlooks”,
“long-term outlooks”

More focused on
probability, historical
fithess

S - Nations,
= clobe;
§ seasons to
decades

Global Climate at a
Glance;

“Cli. Monitoring”, “Cli.

Assessment”

“Climate Projections”

Historical fitness;
emphasis on
uncertainty

Analyze,
describe as
events
unfold.

Predict what
will happen

NCDC (Arndt)




We've Got Data-
Essential Climate Variables

Atmosphere:
Surface

Atmosphere:
Upper-Air

Atmosphere:
Composition

Ocean: Surface

Ocean:
Subsurface

Air Temperature

Earth Rad’n Budget

Carbon Dioxide

Temperature

Temperature

Precipitation

Temperature

Methane

Salinity

Air Pressure

Wind Speed & Dir

Ozone

Sea Level

Sfc Rad’n Budget

Water Vapor

Water Vapor

Nitrous Oxide

Sea State

Cloud Properties

CFCs

Sea Ice

Hydro CFCs

Current

Salinity

Nutrients

Ocean Tracers

Terrestrial

Snow Cover

Water Use

Hydrofluorocarbs

Sulfur Hexafluorides

Perfluorocarbons

Ocean Color

Phytoplankton

Ground Water

Lake Levels

Albedo

Percent Absorbed
Photosynthetically
Active Radiation

Leaf Area Index

Biomass

Fire Disturbance




Climate Monitoring

http://www.ncdc.noaa.gov/sotc/

Jan - Mar 2011

National Climatic Data Center/NESDIS/NOAA

1 Monthly reports since 1998

1 Global Scale:
— Temperature Analysis
— Upper-Air Temps
— Sea Ice & Snow Cover
— Global Hazards (events)
— ENSO Status

1 National Scale: Precipitation i 'Y
— Temperature & Precip Temperature Anomalies Jan-Mar 2011
Summaries ) (with respect to a 1971-2000 base period)

- . National Climatic Data Center/NESDIS/NOAA

Drought

Wildfires

Hurricanes & Tropical Storms
Snow Cover / Winter Wx
Tornadoes
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ENSO Monitoring

http://www.cpc.ncep.noaa.qgov/products/analysis monitoring/enso advisory/

1 \What is the state of

SST Anomalies {°C)

El Nino / La Nina 30 MAR 2011

— Two bookends of a . oy Y %
sloshing SR
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Pacific
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Seaso n al OutCO m eS Figure 4. Average sea surface temperature (S5T) anomalies (°C) for the week centered on 30 March

2011. Anomalies are computed with respect to the 1971-2000 base period weekly means (Xue et

in your I‘egion_ al. 2003, J. Climate, 16, 1601-1612).
1 Report style

1 Monthly diagnostics
and analysis

— Weekly updates

El Nino
neutral

La Nina
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Drought Monitoring

http://www.drought.qov/

1 What is the state of drought and its
Impacts?
— Weekly updates, Very “holistic” approach
— Underlying drought indicators available here

National Integrated Drought Information System

Contact Us | Log In | Text-Only

U.S. Drought Portal

www.drought.gov

Area Drought Information Featured Products NIDIS Feature

Select State... + PFGo Where are Drought How is the Drought will the Drought
Conditions Now? Affecting Me? Continue?

Select Region_ Drought in the South

April 18, 2011 MOAA Update on Drought Conditions
Valid 0. EDT nthe Southarn LS.
Maps & Tools
& Map & Data Viewer | B Y o g \ April 25, 2011

Arieling aladis avallable at watw div

Events & Announcements

edness

Drought Information Statements
op on Drough

arning - Mav 1 DA l E:émurfrma
L ey ]

Man¥or fecusas an Broad-seale condions

L n% Ay wary. See Sccompanying fext summay
for fareaast staferments. Released Thursday, April 21, 2011
nttp:iidrought.unleduldm Author: Michael BrewerlL Love-Brotak, NOAANESDISNCOC

6/30/2011 -_ - o . Regional Drought Early Warning Systems (DEWS)

alifarnia Pranlannina Maatina - Fah 17




Extremes Monitoring

http://www.ncdc.noaa.gov/extremes/records/

1 Daily updates of
records broken o e
or tied e S

Edmonton
L]

U.5. Daily Precipitation Records set on April 22, 2011
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Current Epidemic Detection and Response Curve

First Case Lab

Confirmation

Detection/ Response

90 - Reporting

l Opportunity
80 for Control
70 -

60 -
50 -
40 -
30 -
20 -
10 -

O_IIIIIIIIIIIIIIIIIIIIIIII

SR A S R e R P P R D B

Adapted from J. Davis, Climate Adaptation
Workshop, Nov. 2003




Getting ahead of the Curve: Integrating
Ocean, Climate and Public Health Information

First Case

Opportunity

Detection/ for Control

Engage Integrated Reporting

Public Health,
Health Ocean and 90

Makers Monitoring & 80

Decision Coastal Obs, } | Lab Confirmation

Surveillance 70 +—— Response
@ Information 60 -
Climate & 50 -

Ocean 40 -

Sensor,

Services

Tool and 30 -

Methods 20 -
10 -

o // OiIIIIIIIIIIIIIIII
"V DAY > A D DR PR A D

Adapted from J. Davis, Climate Adaptation Workshop, Nov. 2003

Enhancing Public Health Engagement, Outreach, and Feedback throughout




Challenge of Problem Formulation

The mere formulation of a problem is far more
essential than its solution, which may be merely a
matter of mathematical or experimental skills. To
raise new guestions, new possibilities, to regard

old problems from a new angle, requires creative
Imagination and marks real advance in science.

- Albert Einstein




Moving From Surveillance and Response
to Prediction and Prevention:
An Integrated Framework for HEWS

Problem-driven

Scalable to local, regional,
national, and international
issues

Addresses time scales from
decades to days

Involves research,
monitoring, modeling,
management, mitigation and
prevention, and evaluation

Well defined federal, state,
local and academic roles and
responsibilities

Integrates with other human
and animal health
surveillance systems, and
other biological and physical
observation and monitoring
systems

Components of a Health Early
Warning System

Population
Demographics,
Transportation and
Migration

Epidemiological
Surveillance

Ocean, Climate and
Environmental
Observation,
Monitoring and
Forecasts

Socialland
Behavioral Factors

Expert/Assessment

Additional
Sampling,
Sensing

Predictive
Models

Risk Analysis,
Vulnerability.
Assessment

Disease Watch
Early Warning

Response
Strategy

Commu

nication

and Action

Evaluation and

Feedback

Adapted from Davis, J and J. Trtanj, Energy Modeling Forum, 2003




Public Health Forecasting
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the following species groups identf i
light microscopy - 3/%h (R = Ly
australis fravdulenta/heimii), D/m%
oungens/rultiseries), pd/dic (P B
nseudndelicatissima /delicatissima/s
Threshold levels of each group at &
toxin testing is done are shown as
harizontal bar in the Pssudo-nitzse
species graph
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Twice-weekly phytoplankton samp
over ORHAB beach sites to magnif
each site) indicates that numbers ¢
Copalis and Quinault beaches exce
threshold level of 50,000 cells/L o
Toxin testing of seawater and shel
ELI=A showed no dangerous leveld
damaic acid on that date. Pseudo-
numbers decreased since 8/16/07
is no further need for toxin testing

Currents at the present time {botl

and measured) indicate a well dev
upwelling system, Cold water s e

along the ooast, indicating upwelli

madel results, Drifter plots indicate that the
Juan de Fuca eddy was well developed (ie.,
drifters drcled around the eddy).
Satellite-derived chlorophyll { & proxy for
phytoplankton) st the sea surface indicates
extensive chlcrophyll blooms along the coast
and on the perimeter of the Juan de Fuca
eddy. Surface currents are flowing generally
southward at speeds of 30-50 km per day,
as seen in the surface drifters deployed in
the Juan de Fuca eddy, Drifters transit the
entire Washington shelf in less than a wesk,
As shown by the drifters, surface currents
would generally be moving phytoplankton
slightly offshore, away from the coast as
they move southward along the coast, so
that a HAB event frem the Juan ed Fuca
source region is unlikely on the Washington
coast as long as the winds continue to be
from the narth. The winds are expected to
continue this way for at least a wesk,
Consistent with this pattern, the modeled
Columbia plumne is tending southwest off
Oregan; no remnant plume is seen off the
Washingtcn coast at this tme.

Slide courtesy of V. Trainer



Sea Surface Temperature--Early Warning for

Vibrio paralraemolyticus (Vp) and Oysters
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Advanced Planning in Pohnpei:
a partnership built on trust
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RBM: Southern African Regional : : :
MEWS activities Malaria Surveillance, Forecasting,

Preparedness and Response in

Souithern Africa
o . "

Saamonal CAMGS
Forecast Ancenalios

Planning and Preparedness
Prevention and Response

Evidence for practical application within a
decision making framework (DaSilva, et al. MJ
2004).

Evidence for using environmental monitoring
(Thomson, et al. AJTMH 2005)

Evidence for using seasonal forecasting
(Thomson, et al. Nature 2006).

Evidence of timing/effectiveness (Worrall, et al.
TMIH 2007; Worrall, et al. 2008)

- B (w) M=o



From Genes to Satellites to in situ: Tools for Tracking
and Health Early Warning Systems

Pandemic isolates . ]
. Virulent strains
PNW environmental

Isolates tdh+ (ST3) rare and less
diverse

Oceanographic
measurements and
biogeographical
linkages of pathogen to
human illness

Genome
sequencing of
multiple strains
to identify
el Virulence
ST65) markers

PNW inical | A
Isolates tdh+ (ST36) e e [ el *
X 7 iy = i ¥

g Appropriate

d - :
genetic markers

. : ,, - /' on biosensors,
for Vibrios NASA Aqua w/ -

: linked to ocean
MODIS - " observing




A Burgeoning Climate Service Enterprise

Figure 1 :
g O““-\ate SErv;Ces
sIDO! Climate Sgjg,

&
5 S,

Regional Climate

Science (Modeling,
Products | Research s;n'":m -
and Services® ,?-_a_gl qQ)Jw 1

NOAA Partnis

Intasagency Impacts &
Adaptation Suppor Parness NGS Keystone Partners
"See Figure 2 for details




Adding it all up....
Climate Change and Human Health Adaptation Planning
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Questions or Comments?




CEGLHH Operational Nearshore Beach Forecasts

ilwaukee >
¢ Grand Rapids

Eyealt 423.25

-Predict fate of water from tributaries and potential impact on swimming
beaches
£L2Updated: up t@ six times per day
A_—'—'-_—~ -;__—— "Forecasts tip‘to five days in advance

“mmealsed as supplement to traditional beach closure methods Great Laked
e RE ‘sl()l{\ll()\{)—u




Interagency Working Group on Climate

Change and Health Report
Congressional Rollout June 14, 2010

A Human Health Perspective on Climate Change

A report outlining the research needs on the A Human Health Perspective
human health effects of climate change ‘limate Chanae

= Asthma, respiratory allergies, and airway
diseases

= Cancer

= Cardiovascular disease and stroke

» Foodborne diseases and nutrition

= Heat-related morbidity and mortality

= Human developmental effects

= Mental health and stress-related disorders

= Vectorborne and zoonotic diseases

= Waterborne diseases

= Weather-related morbidity and mortality




US I0OOS® Regional Component

I00S Regional § Meeting National missions ﬂ“'

Component through... _ _

A network of 11 regional — Expanded observations 2 g -
coastal ocean observing and modeling capacity e -

systems that meet
national and regional
needs for local ocean

observations, data — Implementation of national

management, and data standards
modeling

— Connections to users and
stakeholders

— Products transitioned to
other regions and to National
operations

1 national partnership
providing sensor
validation/verification

— Sensor validation/verification

1. Alaska Ocean Observing Systems (AOOS) 7. Northwest Association of Networked Ocean Observing Systems (NANOOS)
2. Caribbean Regional Association (CaRA) 8. E\INOég\ngotgse)gional Association of Coastal Ocean Observing Systems
3. Central and Northern California Coastal Ocean Observing System (CeNCOOS) 9. Pacificlslands Ocean Observing System (Paclo0s)
4. Gulf Coastal Ocean Observing System (GCOOS) 10. Southern California Coastal Ocean Observing System (SCCOOS)
5. Great Lakes Observing System (GLOS) 11. Southeast Coastal Ocean Observing System Regional Association
6. Mid-Atlantic Coastal Ocean Observing System Regional Association (SECOORA)
(MACOORA) 12. Alliance for Coastal Technologies (ACT) {Sensor V & V}



IOOS”® Core Variables

Dissolved oxygen
. pH
. pCO,

. Heat flux
. Bottom character

. Pathogens

Availability of
Integrated Formats:
2010 — 7 variables

. Bathymetry 2011 — 15 variables
. Ice distribution 2012 — 1 potential

. Contaminants

. Stream flow

. Dissolved nutrients

. Optical properties

. Total suspended matter

. Colored dissolved organic matter
. Fish species

. Fish abundance

. Zooplankton species

. Phytoplankton species

. Zooplankton abundance




What Sentlnels Species and Habltats Are Telling us?

ALTERED OCEANS

SENTINELS —L. & W L ‘ htilost and Luurncr
UNDER
ATTACK . ™ TN

Ren Weis

Unexplained mortalities of marine mammals and sea turtles increasing

HABSs kill manatees; 50% of sea otter mortality related to exposure to run-
off of land-based pathogens; 15% of CA sea lions have cancer

Degraded coastal habitats provide early warning of large-scale aquatic
ecosystem impairment that can impact human health and well being

Links to El Nino Southern Oscillation and Pacific Decadal Oscillation




Regional & Local

Eastern Region

Climate Prediction Center
Environmental Modeling Center
Hydrometeorological Prediction

Center
Ocean Prediction Center
NCEP Central Operations

Alaska Reglon

“

b LI National Hurricane Center

Paclific Reglon *
=

."‘
3

National Centers
(NCEP)




Experimental

Lake Erie Harmful Algal Bloom Bulletin
2009-004

13 August 2009

National Ocean Service

Great Lakes Environmental Research Laboratory
Last bulletin: 06 August 2009

Figure 1. MERIS image from the European Space Agency. Imagery shows the spectral shape at 681 nm
from August 11, where colored pixels indicate the likelihood of the last known position of the Microcystis
spp. bloom (with red being the highest concentration). Microcystis spp. abundance data from August 11
shown as white squares (very high), circles (high), diamonds (medium), triangles (low) , + (very low) and
X (not present). Please note: Colored pixels in Sandusky Bay are due to a mixed bloom dominated by
Planktothrix spp.

Figure 2. Nowcast position of Microcystis spp. bloom for August 13 using GLCFS modeled currents to
move the bloom from the August 11 image. Please note: Colored pixels in Sandusky Bay are due to a
mixed bloom dominated by Planktothrix spp.

Conditions: A Microcystis spp. bloom has been identified in Maumee Bay and the
adjacent waters to the northeast. The bloom may be visible from the shore, or near shore
areas outside of Maumee Bay. A mixed cyanobacterial bloom is also present in
Sandusky Bay. Moderate taste and odor issues have been observed and may continue to
persist as a result of the bloom.

Analysis: The Microcystis spp. bloom in Western Lake Erie continues to persist and
increase in both area and concentration. The bloom in Sandusky Bay is a mixed bloom
dominated by Planktothrix spp. Wind stress is expected to be low for the next several
days, which may intensify the bloom. The bloom is forecasted to remain relatively
stationary, with a tendency to drift slightly to the NE. The feature present around the
South Bass Islands has been identified as having very low concentrations of Microcystis.
The feature has spread in area since last week's bulletin and may continue to spread. It
should be noted that clouds covered Maumee Bay (gray pixels in the observed imagery).
As a result of these clouds, the nowcast and forecast show no (or very little)
concentration in Maumee Bay.

-Wynne, Dyble, Meredith

Figure 3. Forecast position of Microcystis spp. for August 16 using GLCFS modeled currents to move the
bloom from August 11 image. Please note: Colored pixels in Sandusky Bay are due to a mixed bloom
dominated by Planktothrix spp.



