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To understand and predict changes in the Earth’s 
environment, and conserve and manage coastal andenvironment, 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 WeWill See More

Temperature riseTemperature rise Ob d U S SOb d U S S L lL l

And We Will See More

Temperature riseTemperature rise
SeaSea--level riselevel rise
Increase in heavy downpoursIncrease in heavy downpours

Observed U.S. SeaObserved U.S. Sea--Level Level 
ChangesChanges

Rapidly retreating glaciersRapidly retreating glaciers
Thawing permafrostThawing permafrost
Longer growing seasonLonger growing seasong g gg g g
Longer iceLonger ice--free season in the free season in the 
ocean and on lakes and riversocean and on lakes and rivers
Earlier snowmeltEarlier snowmeltEarlier snowmeltEarlier snowmelt
Changes in river flowsChanges in river flows

Source: Tom Karl, NOAA National Climatic Data Center



Potential Health Effects of Climate Change
Heat stress cardiovascularHeat stress cardiovascular

HEATHEAT 
Heat stress, cardiovascular Heat stress, cardiovascular 
failurefailure

SEVERE WEATHERSEVERE WEATHER  Injuries, fatalitiesInjuries, fatalities

Asthma cardiovascularAsthma cardiovascular

Climate ChangeClimate Change::

•• Temperature Temperature riserise

AIR POLLUTIONAIR POLLUTION 
Asthma, cardiovascular Asthma, cardiovascular 
diseasedisease

ALLERGIESALLERGIES 
Respiratory allergies, poison Respiratory allergies, poison 
ivyivye pe atu ee pe atu e sese

•• Sea level Sea level riserise
•• Hydrologic Hydrologic 

extremesextremes
VECTORVECTOR‐‐BORNE DISEASESBORNE DISEASES 

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

•• Ocean Ocean currents currents 
•• Ocean Ocean acidificationacidification WATERWATER‐‐BORNE DISEASESBORNE DISEASES 

Cholera, cryptosporidiosis, Cholera, cryptosporidiosis, 
campylobacter, leptospirosiscampylobacter, leptospirosis

WATER AND FOOD SUPPLYWATER AND FOOD SUPPLY 
Malnutrition, diarrhea, Malnutrition, diarrhea, 
harmful algal bloomsharmful algal blooms

MENTAL HEALTHMENTAL HEALTH 
Anxiety, despair, depression, Anxiety, despair, depression, 

MENTAL HEALTHMENTAL HEALTH 
postpost‐‐traumatic stresstraumatic stress

ENVIRONMENTAL REFUGEESENVIRONMENTAL REFUGEES  Forced migration, civil conflictForced migration, civil conflict
Adapted from J. Patz



What are the human health consequences of 
climate- related changes in g
ocean and coastal health? 

increased floodingincreased flooding
and chemical contaminant runoffand chemical contaminant runoff Changes in Harmful Algal BloomsChanges in Harmful Algal Blooms

bacterial/viral bacterial/viral 
contamination of contamination of 

coastal  and coastal  and 
drinking watersdrinking waters

decreased marine biodiversity decreased marine biodiversity 
and ecosystem servicesand ecosystem services



What does NOAA do to address the What does NOAA do to address the 
h lth i t f Ad t ti ?h lth i t f Ad t ti ?health impacts of Adaptation?health impacts of Adaptation?

Provide observation, monitoring, modeling and prediction toolsProvide observation, monitoring, modeling and prediction tools——across time across time 
scalesscales
–– Tornados, Hurricane, Heat waves, Drought, ClimateTornados, Hurricane, Heat waves, Drought, Climate
–– Ocean and Coastal, Climate and Weather, FishOcean and Coastal, Climate and Weather, Fish

Disaster Management and Emergency ResponseDisaster Management and Emergency Response
Develop Decision Support Tools for Human HealthDevelop Decision Support Tools for Human Health
–– Food security and supply (Seafood and Agriculture), Coastal Inundation,  Food security and supply (Seafood and Agriculture), Coastal Inundation,  

B h t M i M l H lthB h t M i M l H lthBeach management, Marine Mammal HealthBeach management, Marine Mammal Health
New emphasis on Climate ServicesNew emphasis on Climate Services
Support Innovative Research and Technology developmentSupport Innovative Research and Technology development

J i t A t Cli t V i bilit d H H lth 1998J i t A t Cli t V i bilit d H H lth 1998 2004 NOAA2004 NOAA–– Joint Announcement on Climate Variability and Human Health 1998Joint Announcement on Climate Variability and Human Health 1998--2004; NOAA, 2004; NOAA, 
NSF, EPA, NASA and EPRINSF, EPA, NASA and EPRI

–– Regional Integrated Science and Assessment, Oceans and Human HealthRegional Integrated Science and Assessment, Oceans and Human Health, , 
Partnering with Public HealthPartnering with Public Health----Partnering with Public HealthPartnering with Public Health
Problem definition, Data, Communication, Research, ApplicationProblem definition, Data, Communication, Research, Application

But Health Impact Assessment……???But Health Impact Assessment……???



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

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

Forecasts of impending threatsForecasts of impending threats
Surveillance systems for emerging pathogens, contaminants, and Surveillance systems for emerging pathogens, contaminants, and 
toxins that affect health; toxins that affect health; 
Climate change effects on oceanClimate change effects on ocean--related health outcomesrelated health outcomes

Collaborations with health agencies, e.g., CDC, NIH, FDA, EPA, VACollaborations with health agencies, e.g., CDC, NIH, FDA, EPA, VA
USGCRP Climate Change and Human Health Working GroupUSGCRP 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, GEOSSy
Data Centers-Climate, Geophysical, Oceanographic



Adaptation Across Time Scales:  
Forecast Products Days to DecadesForecast Products—Days to Decades

Forecast Forecast 
UncertaintyUncertainty
Forecast Forecast 
UncertaintyUncertainty
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NOAAWatchNOAAWatch
http://www noaawatch govhttp://www noaawatch gov//http://www.noaawatch.govhttp://www.noaawatch.gov//



The Climate/Weather ScaleThe Climate/Weather Scale v Perspectivev PerspectiveThe Climate/Weather Scale The Climate/Weather Scale v.Perspectivev.Perspective

Local Scale Mid Scale Large Scale ApproachLocal Scale Mid Scale Large Scale Approach

Scales Localities, 
points; 
mins to 
days

States,
regions; days 
to months

Nations,
globe;
seasons to 
decades

Past “Data Access”,
“Climatological Data”

US Climate at a Glance; 
Archived Reports

Global Climate at a 
Glance; 

What, 
where,
when; how 
big.

Now “Nowcasts”, 
“Watches, Warnings 
& Advisories”

“Climate Monitoring” “Cli. Monitoring”, “Cli. 
Assessment”

Analyze, 
describe as 
events 
unfold.

Future “Forecasts” “Seasonal outlooks” “Climate Projections” Predict whatFuture Forecasts Seasonal outlooks , 
“long‐term outlooks”

Climate Projections Predict what 
will happen

Character Deterministic: exact  More focused  on  Historical fitness; 
numbers detailed, 
precise, lots of noise

probability, historical 
fitness

emphasis on 
uncertaintyS 1

NCDC (Arndt)



We’ve Got DataWe’ve Got Data--
Essential Climate VariablesEssential Climate VariablesEssential Climate VariablesEssential Climate Variables

Atmosphere: 
Surface

Atmosphere: 
Upper-Air

Atmosphere: 
Composition

Ocean: Surface Ocean: 
Subsurface

Terrestrial

Air Temperature Earth Rad’n Budget Carbon Dioxide Temperature Temperature Soil Moisture

Precipitation Temperature Methane Salinity Salinity Snow Cover

Air Pressure Wind Speed & Dir Ozone Sea Level Current Permafrost + 
Seasonally Frozen

Sfc Rad’n Budget Water Vapor Nitrous Oxide Sea State Nutrients Glaciers + Ice Caps

Wind Speed & Dir Cloud Properties CFCs Sea Ice Carbon River Discharge

Water Vapor Hydro CFCs Current Ocean Tracers Water Use

H d fl b O C l Ph t l kt G d W tHydrofluorocarbs Ocean Color Phytoplankton Ground Water

Sulfur Hexafluorides CO2 Partial Pressure Lake Levels

Perfluorocarbons Albedo

Aerosol Properties Land Cover

Percent Absorbed
Photosynthetically
Active Radiation

Leaf Area Index

Biomass

Fire Disturbance



Climate MonitoringClimate Monitoringgg
http://www.ncdc.noaa.gov/sotc/http://www.ncdc.noaa.gov/sotc/

Monthly reports  since 1998Monthly reports  since 1998
Gl b l S lGl b l S lGlobal Scale: Global Scale: 
–– Temperature AnalysisTemperature Analysis
–– UpperUpper--Air TempsAir Temps
–– Sea Ice & Snow CoverSea Ice & Snow Cover
–– Global Hazards (events)Global Hazards (events)
–– ENSO StatusENSO Status

National Scale:National Scale:
Temperature &Temperature & PrecipPrecip–– Temperature & Temperature & PrecipPrecip
SummariesSummaries

–– DroughtDrought
–– WildfiresWildfires

Hurricanes & Tropical StormsHurricanes & Tropical Storms–– Hurricanes & Tropical StormsHurricanes & Tropical Storms
–– Snow Cover / Winter Snow Cover / Winter WxWx
–– TornadoesTornadoes

6/30/20116/30/2011 1212



ENSO MonitoringENSO Monitoringgg
http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/enso_advisory/http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/enso_advisory/

What is the state of What is the state of 
El Ni / L NiEl Ni / L NiEl Nino / La NinaEl Nino / La Nina
–– Two bookends of a Two bookends of a 

sloshing sloshing 
phenomenon in and phenomenon in and pp
over the equatorial over the equatorial 
PacificPacific

–– ENSO has global ENSO has global 
reach and canreach and canreach and can reach and can 
strongly influence strongly influence 
seasonal outcomes seasonal outcomes 
in your region.in your region.

Report styleReport styleReport styleReport style
Monthly diagnostics Monthly diagnostics 
and analysisand analysis
–– Weekly updatesWeekly updatesWeekly updatesWeekly updates

1313



Drought MonitoringDrought Monitoringg gg g
http://www.drought.gov/http://www.drought.gov/

What is the state of drought and its What is the state of drought and its 
impacts?impacts?impacts?impacts?
–– Weekly updates, Very “holistic” approachWeekly updates, Very “holistic” approach

U d l i d ht i di t il bl hU d l i d ht i di t il bl h–– Underlying drought indicators available hereUnderlying drought indicators available here

6/30/20116/30/2011 1414



Extremes MonitoringExtremes Monitoringgg
http://www.ncdc.noaa.gov/extremes/records/http://www.ncdc.noaa.gov/extremes/records/

Daily updates ofDaily updates ofDaily updates of Daily updates of 
records broken records broken 
or tiedor tiedor tiedor tied
Summed and Summed and 
totaled for USAtotaled for USAtotaled for USAtotaled for USA

6/30/20116/30/2011 1515



Current Epidemic Detection and Response CurveCurrent Epidemic Detection and Response Curve

Lab
Confirmation

First Case

80
90

CASES

ResponseDetection/
Reporting

Opportunity 
for Control

50
60
70

for Control

20
30
40

0
10

1 4 7 10 13 16 19 22 25 28 31 34 37 40DAY 1 4 7 10 13 16 19 22 25 28 3 34 37 40

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



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

First Case
Opportunity 
for Control

80
90

Detection/
ReportingEngage 

Public 
Health  

Decision
M k

Integrated 
Health, 

Ocean and 
Coastal Obs, 
M it i &

Lab Confirmation

CASES

for Control

50
60
70
80

Response

Climate & 

Makers Monitoring & 
Surveillance 
Information

10
20
30
40Ocean 

ServicesSensor, 
Tool and 
Methods

0
10

1 4 7 10 13 16 19 22 25 28 31 34 37 40

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

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

Enhancing Public Health Engagement, Outreach, and Feedback throughout



Challenge of Problem FormulationChallenge of Problem Formulation

The mere formulation of a problem is far more The mere formulation of a problem is far more 
essential than its solution, which may be merely a essential than its solution, which may be merely a 
matter of mathematical or experimental skills.  To matter of mathematical or experimental skills.  To 
raise new questions, new possibilities, to regard raise new questions, new possibilities, to regard 
ld bl f l i tild bl f l i tiold problems from a new angle, requires creative old problems from a new angle, requires creative 

imagination and marks real advance in science.imagination and marks real advance in science.
Albert EinsteinAlbert Einstein-- Albert EinsteinAlbert Einstein



Moving From Surveillance and Response
to Prediction and Prevention:

An Integrated Framework for HEWS

ProblemProblem--drivendriven
Scalable to local, regional, Scalable to local, regional, 
national, and international national, and international 
issuesissues
Addresses time scales from Addresses time scales from 

Components of a Health Early 
Warning System

decades to daysdecades to days
Involves research, Involves research, 
monitoring, modeling, monitoring, modeling, 
management, mitigation and management, mitigation and 
prevention and evaluationprevention and evaluation

Population 
Demographics, 
Transportation and 
Migration

E id i l i l Di W t h

Risk Analysis, 
Vulnerability 
Assessment

R

Additional 
Sampling,ss

m
en

t

prevention, and evaluationprevention, and evaluation
Well defined federal, state, Well defined federal, state, 
local and academic roles and local and academic roles and 
responsibilitiesresponsibilities
Integrates with other humanIntegrates with other human

Epidemiological 
Surveillance

Disease Watch
Early Warning

Response 
Strategy

Communication 
and Action

Ocean, Climate and 
Environmental 
Observation, 
Monitoring and 

Predictive
Models

Sensing

Ex
pe

rt 
As

se
s

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

Evaluation and 
Feedback

g
Forecasts

Social and 
Behavioral Factors

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



Public Health ForecastingPublic Health Forecastinggg

Slide courtesy of V. TrainerPseudo-nitzschia in Pacific NW 



Sea Surface Temperature--Early Warning for 
Cholera and other Vibrios

Sea Surface Temperature--Early Warning for 
Cholera and other VibriosCholera and other VibriosCholera and other Vibrios



Advanced Planning in Advanced Planning in PohnpeiPohnpei::
t hi b ilt t tt hi b ilt t ta partnership built on trusta partnership built on trust



RBM: Southern African Regional 
MEWS activities

Evidence for practical application within a 
decision making framework (DaSilva, et al. MJ g (
2004).
Evidence for using environmental monitoring 
(Thomson, et al. AJTMH 2005)
Evidence for using seasonal forecasting g g
(Thomson, et al. Nature 2006).
Evidence of timing/effectiveness (Worrall, et al. 
TMIH 2007; Worrall, et al. 2008)



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

Pandemic isolates
Virulent strains 
rare and less 
diverse

Genome

Pandemic isolates

PNW environmental
Isolates tdh+ (ST3)

Oceanographic Genome 
sequencing of 
multiple strains 
to identify 
virulence PNW clinical

Isolates tdh

g p
measurements and 
biogeographical 
linkages of pathogen to 
human illness

markers

PNW clinical
Isolates tdh+ (ST36)

Isolates tdh
- (ST65)

Isolates tdh+ (ST36)

Appropriate 
genetic markers 
on biosensors, 
linked to oceanNASA Aqua w/for Vibrios linked to ocean 
observing

NASA Aqua w/ 
MODIS

for Vibrios



A Burgeoning Climate Service EnterpriseA Burgeoning Climate Service EnterpriseA Burgeoning Climate Service EnterpriseA Burgeoning Climate Service Enterprise



Adding it all up…. 
Climate Change and Human Health Adaptation Planning g p g



Questions or Comments?Questions or Comments?



CEGLHH Operational Nearshore Beach Forecasts

Saginaw River
(3 beaches)

Milwaukee River
(3 beaches)

( )

Clinton River

Grand River
(5 beaches)

Clinton River
(2 beaches)

Indiana DunesIndiana Dunes
(5 beaches)

-Predict fate of water from tributaries and potential impact on swimming 
beaches
- Updated up to six times per day
- Forecasts up to five days in advance
- Used as supplement to traditional beach closure methods



Interagency Working Group on Climate Interagency Working Group on Climate 
Change and Health ReportChange and Health ReportChange and Health Report Change and Health Report 

Congressional Rollout June 14, 2010Congressional Rollout June 14, 2010
A Human Health Perspective on Climate Changep g
A report outlining the research needs on the 
human health effects of climate change

 Asthma, respiratory allergies, and airway , p y g , y
diseases

 Cancer

 Cardiovascular disease and stroke

 Foodborne diseases and nutrition

 Heat‐related morbidity and mortality

 Human developmental effects Human developmental effects

 Mental health and stress‐related disorders

 Vectorborne and zoonotic diseases

W t b di Waterborne diseases

 Weather‐related morbidity and mortality



US IOOS® Regional Component
IOOS Regional 

Component
A network of 11 regional 

• Meeting National missions 
through…
– Expanded observations 

1

g
coastal ocean observing 

systems that meet 
national and regional 
needs for local ocean 7

p
and modeling capacity

– Connections to users and 
stakeholders

observations, data 
management, and 

modeling

1 national partnership 

8
5

6

11
10

3

9

– Implementation of national 
data standards

– Products transitioned to   
other regions and to National

12

p p
providing  sensor 

validation/verification
2

4

1 Alaska Ocean Observing Systems (AOOS)

other regions and to National 
operations

– Sensor validation/verification
7 Northwest Association of Networked Ocean Observing Systems (NANOOS)1. Alaska Ocean Observing Systems (AOOS)

2. Caribbean Regional Association (CaRA)
3. Central and Northern California Coastal Ocean Observing System (CeNCOOS) 
4. Gulf Coastal Ocean Observing System (GCOOS)
5. Great Lakes Observing System (GLOS)

7. Northwest Association of Networked Ocean Observing Systems (NANOOS)
8. Northeast Regional Association of Coastal Ocean Observing Systems 

(NERACOOS) 
9. Pacific Islands Ocean Observing System (PacIOOS)
10. Southern California Coastal Ocean Observing System (SCCOOS)
11. Southeast Coastal Ocean Observing System Regional Association 

6. Mid-Atlantic Coastal Ocean Observing System Regional Association 
(MACOORA)

(SECOORA)
12. Alliance for Coastal Technologies (ACT) {Sensor V & V}

3030



IOOS® Core Variables

1 T

Availability of 
Integrated Formats:
2010 – 7 variables
2011 15 i bl1. Temperature

2. Salinity
3. Water level
4. Currents

14. Bathymetry
15. Ice distribution
16. Contaminants
17 Stream flow

2011 – 15 variables
2012 – 1 potential

4. Currents
5. Surface Waves
6. Surface Winds
7. Ocean color

17. Stream flow
18. Dissolved nutrients
19. Optical properties
20. Total suspended matter

8. Dissolved oxygen
9 pH

21. Colored dissolved organic  matter
22 Fish species9. pH

10. pCO2
11. Heat flux
12. Bottom character
13 P h

22. Fish species
23. Fish abundance
24. Zooplankton species
25. Phytoplankton species

13. Pathogens 26. Zooplankton abundance

31



What Sentinels Species and Habitats Are Telling us?What Sentinels Species and Habitats Are Telling us?

Ken Weiss

Unexplained mortalities of marine mammals and sea turtles increasingUnexplained mortalities of marine mammals and sea turtles increasing
HABs kill manatees; 50% of sea otter mortality related to exposure to runHABs kill manatees; 50% of sea otter mortality related to exposure to run--
off of landoff of land--based pathogens; 15% of CA sea lions have cancerbased pathogens; 15% of CA sea lions have cancer
D d d t l h bit t id l i f lD d d t l h bit t id l i f l l til tiDegraded coastal habitats provide early warning of largeDegraded coastal habitats provide early warning of large--scale aquatic scale aquatic 
ecosystem impairment that can impact human health and well beingecosystem impairment that can impact human health and well being
Links to El Nino Southern Oscillation and Pacific Decadal OscillationLinks to El Nino Southern Oscillation and Pacific Decadal Oscillation



NWS OverviewNWS Overview
Regional & LocalRegional & LocalRegional & LocalRegional & Local

Storm Prediction Center

Aviation Weather Center
Space Weather Prediction 

Center
Climate Prediction Center

Environmental Modeling Center
Hydrometeorological Prediction 

Center
Ocean Prediction Center
NCEP Central Operations

Storm Prediction Center

National Hurricane Center

National Centers 
(NCEP)



Experimental Lake Erie HAB Bulletin


