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Life at Sea Observing El Nifio El Nifio and La Nifia Explained
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Coral Comeback? S
Carals are amazing. Butml'ﬂ;e 50% of the
world's coral reefs. Can corals make a comeback?
Watch this inspiring series to find out.
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Rainforests of the Sea

There's an ocean creature that is part
animal... Part plant... And part stone.
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The Coral and the Algae

In one way of thinking, corals are part animal, vegetable, and mineral. How is that possible?
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Corals Under Threat

The growth of our civilization is changing the ocean in ways that are deadly for corals. If we don’t act soon, it may be too
late.




What can we do?

Learn about some of the bold and brilliant ideas researchers and conservationists have to rescue corals and coral reefs
from disaster.
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NOAA Education/Resources

Bekkah Lampe - Education Outreach Specialist




noaa.gov/education

A0AR Mational Oceanic and
Atmospheric Administration
LL.E. Deparimant of Commena

Education

Educators, students, and curious people everywhere
— come explore the ocean and atmosphere.
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U.S. Department of Commerce

Home / Education

Resource collections

Resources to help integrate NOAA science into formal and informal education.

Education resources are distributed across many websites and program offices
at NOAA and partner websites. This portal is designed to help you access
these resources from one location. Materials are organized by themes aligned

with common teaching topics. Learn more about how we designed these
collections.
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Ocean & coasts

Physical and chemical processes of ocean and coastal areas.

* Gulf oil spill

¢ Ocean acidification

* Ocean currents

¢ Ocean floor features
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Ocean & coasts
Physical and chemical processes of pgg  ————
Earth's climale system and cor » Watersheds, flooding, and pollution '-
v Gull wil sl
: s Carbon cycle Special topics
« Dcean acidification
N - [:!!:IIIQ-II_I:] SEALUINS EIEmE“tErFSC]E“cE )
= Deean curments _ _ Bring NOAA resources to your kindergartes  * Science Olympiad: Mateorology (2020)
""""""""" + Climate change impacts z .
i e, || e moi e = Sclence Olympiad: Physical and geolog
- + Climate data menitering * Earth science

+ Ocean pollution * Career resources

= Life science

*» Technology & engineering resaources

Marine life « NDAA careers bbbt Shebic ]l WS Al B bt
Biclagy, hakits, and threats to

* Tidas

Isunamis » Hands-on science activities

s FPhytica) £

M TE Additional resources
= Scientific process

Weather & atmosphere

; « Mew science standards
Earth’s climate system and concepts rel

Data resources for educators
W Lesson plans featuring NOARA data, as well as
+ Marine mammals

R variety of formats.
T = Saa turtles

« El Mifio

* Space weather * Classroom-ready data resources
= Tornadoes

Freshwater » Climate data rescurces
= Weather chservations S{;-u-'r_-es.prun;_ebbe s and threa + Historical data resources
* Weather systems & patterns waler, st it ek s
« Great Lakes ecoregion = Real-time data resources
oL B = Weather & atmosphere data resources
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Home / Education / Resource collections / Marine life education resources

Coral reef ecosystems

Education | coral coral reefs education marine life SHARE ‘ ' f g E

Coral reefs are some of the most diverse ecosystems in the world. Coral polyps, the animals
primarily responsible for building reefs, can take many forms: large reef building colonies,
graceful flowing fans, and even small, solitary organisms. Thousands of species of corals
have been discovered; some live in warm, shallow, tropical seas and others in the cold, dark
depths of the ocean.
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Coral reef diversity

Because of the diversity of life found in the habitats created by corals, reefs
are often called the "rainforests of the sea." About 25% of the ocean's fish
depend on healthy coral reefs. Fishes and other organisms shelter, find food,
reproduce, and rear their young in the many nooks and crannies formed by
corals. The Northwest Hawaiian Island coral reefs, which are part of the
Papahanaumokuakea National Marine Monument, provide an example of the
diversity of life associated with shallow-water reef ecosystems. This area
supports more than 7,000 species of fishes, invertebrates, plants, sea turtles,

birds, and marine mammals. Deep water reefs or mounds are less well

known, but also support a wide array of sea life in a comparatively barren
world.

NOAA launches 'Mission: Iconic Reefs' to
save Florida Keys coral reefs

By restoring corals at seven iconic reef sites in Florida Keys
National Marine Sanctuary, we can change the trajectory of an

entire ecosystem and help save one of the world’s most unique
areas for future generations.

Read more

LESSON PLANS & ACTIVITIES

Data in the Classroom: Coral
bleaching >

EarthLab: Corals unit (£

A reef of your own (HS) >

Coral cores: Ocean timelines
(ES, MS, HS) »

Coral reef coloring bock 4

Deep coral communities
curriculum >

Broadcast spawning activity >

Flower Garden Banks National
Marine Sanctuary curriculum
(ES, MS, HS) >

Remote sensing and coral reefs
curriculum (ES, MS) >
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Coral characteristics

Shallow water, reef-building corals have a symbiotic relationship with
photosynthetic algae called zooxanthellae, which live in their tissues. The
coral provides a protected environment and the compounds zooxanthellae
need for photosynthesis. In return, the algae produce carbohydrates that the
coral uses for food, as well as oxygen. The algae also help the coral remove
waste. Since both partners benefit from association, this type of symbiosis is
called mutualism.

Deep-sea corals live in much deeper or colder oceanic waters and lack
zooxanthellae. Unlike their shallow water relatives, which rely heavily on
photosynthesis to produce food, deep sea corals take in plankton and
organic matter for much of their energy needs.

Benefits of coral reef ecosystems

Coral reefs protect coastlines from storms and erosion, provide jobs for local
communities, and offer opportunities for recreation. They are also are a
source of food and new medicines. Over half a billion people depend on
reefs for food, income, and protection. Fishing, diving, and snorkeling on and
near reefs add hundreds of millions of dollars to local businesses. The net
economic value of the world’s coral reefs is estimated to be nearly tens of
billions & of U.S. dollars per year. These ecosystems are culturally important
to indigenous people around the world.

MULTIMEDIA
Ocean Today: Coral comeback

(video collection) >

3D-printed model brings coral
education to life >

Coral spawning at Flower
Garden Banks (videos) >

Marine life media library
(photos) >

Deep sea corals (data, photos,
technical reports) >

Restoring coral reefs (video) »

Coral reefs in hot water (SOS
dataset) >

Coral forests of the deep
(video) >

Coral reef economy (video) >

DATA RESOURCES

Coral reef satellite monitoring >
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Threats to coral reef ecosystems
Unfortunately, coral reef ecosystems are severely threatened. Some threats
7' are natural, such as diseases, predators, and storms. Other threats are
caused by people, including pollution, sedimentation, unsustainable fishing
practices, and climate change, which is raising ocean temperatures and
causing ocean acidification. Many of these threats can stress corals, leading
to coral bleaching and possible death, while others cause physical damage to
these delicate ecosystems. During the 2014-2017 coral bleaching event,
unusually warm waters (partially associated with a strong El Nifio) affected
70% of coral reef ecosystems worldwide. Some areas were hit particularly
hard, like the Great Barrier Reef in Australia, where hundreds of miles of coral
were bleached.

Corals are able to recover from bleaching events if conditions improve
before they die, though it can take many years for the ecosystems to fully
heal. Scientists are also testing new ways to help coral reef ecosystems, such
as growing coral in a nursery and then transplanting it to damaged areas.

NOAA develops a new type of coral nursery

The nursery could help restore damaged reefs using fully formed

coral colonies rather than small fragments.

Read more >

RUUUL LUldls 2

Coral Reef Conservation
Program »

Coral bleaching basics >

Smithsonian Ocean Portal-
Corals [©

CAREER RESOURCES

Marine biologist career
information >

Amy Baco-Taylor: Deep Sea
Biologist >

RELATED STORIES

New study suggests coral reefs
may be able to adapt to
moderate climate change
(2013) »

Picture climate: How can we
learn from corals? >

MORE COLLECTIONS //
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LESSOM PLAMS & ACTIVITIES
Data in the Clagsroom: Coral
bleaching *

EarthLab: Carals unit &

A reef of your own [HS) »

Coral cores; Ocean timelines
(ES, MS, HE) »

Caoral reef caloring book

Deep coral communities
curriculum >

Broadcast spawning activity »

Flower Garden Banks MNational
Marine Sanctuary curriculum
(ES, MS, HS) »

Remote sensing and coral
raefs curriculum (ES, M3) »

MULTIMEDIA
Ocean Today: Coral comeback

[wvideo collection) »

3D-printed model brings coral
education to life »

Caoral spawning at Flower
Garden Banks (videos) »

Marine life media library
[photos) »

Deep sea corals (data, photos,
technical reports) »

Restaring coral reefs (videa) »

Coral reefs in hot water (505
dataset] »

Coral forests of the deep
[video) *

Coral reel econumy (video] »

DATA RESOURCES
Coral reef satellite
menitaring *

Coral bleaching data »

Coral Reef Watch virtual
station >

Data in the Classreoam: Coral
bleaching *

BACKGROUMD INFORMATIOMN

About corals »

Coral Reef Conservation
Program »

Caral bleaching baslcs »

Smithsonian Ocean Portal-
Corals &

CAREER RESOURCES

Marine biologist career
infarmatian »

Amy Baco-Taylar: Deep Sea
Bislogist »

RELATED STORIES

MNew study suggests caral
recfe may be able to adapt to
moderate climate change
{2013} >

Picture climate: How can we
laarn from corals? »




MATIORAL COEAKIC AMND
ATMOSPHIRIC ADMINISTRATION

NOAA
CDHAL REEF ARDUTUS «  PROGRAMAREAS = COMSERVATION ARFRO
100 PRS

i i e fop
fil Tan

mier, tho

LRI
hor b whiltie. WhiEn Expossd o wam walien, S po

il oooi

e @ fow oo

whilp. Wheon |

wallty Gl

bofize T conal Heeding in plankicr

i mdiihon ataiial cam b *Fed” W the coral polyp fwough ils “soulh’ o Gy
AD Coral Polyp Modeal:
el Polyp Top ¢35 MB)

i [ 13 MEB)

= Ly
& Infit 0%
= Pailesbar
wiirrmle m heal siness. When
imic the Ines o it

din . This

Can [ useid 10 Hach abow? ool

ol Ticww thiz Fnkaeiad 30 conal polyp works neChatineg Dacnc COfR| BRDgy Afed Dieaching and Feow I

posEs

A1
each pu

TMOSH,
0 ATMOSP,
o5 S

NATIONAL
&9 %

10‘&
Z
)
2
i
2
W
&
&

D,

&S
Amment oF




& Cora et ccomstems Natinl % | & 30 Prited Coral Pohp Model 81 % & NOAA Cora et Wach Homer X

C & comlreefwatchnoaagov/satelite/index php
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NOAA Satellite and Information Service V\/V

N
National Envirenmental Satellite, Data, and Information Service (NESDIS) \ /4 cnml Reef watch
— -

DOC > NOAA > NESDIS > STAR > CRW CRTF | CRCP | CoRIS
gr *F T =
Coral Reef Watch Satellite Monitoring and Modeled Outlooks

vy & Hover over buttons below image to change product; then click on button or image to navigate to product's page.

Coral Reef Watch Home . R .
NOA4 CRW Daily Sk Bleaching Alert Area 7d Max {(Mersion 3.1) 28 Mar 2020

About Us

Products Overview 5km

C02

1409-95

composite
products

Near-Real-Time Data
(5km Resolution)

No Data No Stress Watch Warning Alert Level 1
| [ O

Alert Level 2
|

Alerts DHW HotSpot ~ SST ('CoralTemp') Anomaly SST Trend Virtual Stations

2020 Update: Coral Bleaching Heat Stress on the Great Barrier Reef

Current ENSO Conditions and Forecasts

NOAA Coral Reef Watch is celebrating its 20th Anniversary (2000-2020)!

Coral reefs are one of Earth's most diverse ecosystems. They provide significant
ecological,_economic,_and societal benefits valued, globally, at about USD$9.8 trillion
each year (de Groot et al. 2012, Costanza et al. 2014). Unfortunately, reefs worldwide
are threatened by an increasing array of impacts, primarily from global climate change,
unsustainable fishing_practices, and |and-based pollution. First documented in the early
1980s, mass coral bleaching has become one of the most visible marine ecological
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Ocean & coasts
T e Climate
Physical and chemical processes of ocg  ———————
Earth's climate system and cor + Watersheds, [_I-:._qdi_rl_g_. and pollution e
ol ot e
« Dcean acidification " Goroan cycle Special topics
- -
= Changing seasons Elﬂ'mentﬂry science
* Dcean currents o I o Biring MNOAA resourees 1o your kindergan » Science Olympiad. Melecrology (2020)
* Climate change impacts
« Ocean floor fealures _ = Science Qlympiad: Physical and geologl
% Climate dots Mighiceing Ll ' '
= Dcean pollution . i » Career resources
' » Life science
= Tides * Technology & engineering resources
' Marine life = NOAA careers TP e e
« Tsunamis prEE ; i = Hands-an science activities
Biology, habits, and threats 1o = Physical sclence s
Weather & h gl Lol » Scientific process e
eather atmosphere R B R - R :
e prRare s Coral reef ecosystems = M- Seience standercs
Earth’s climate system and concepts rel ok s
= ||fe inan estuary Dﬂta !'EEIDIJI‘L‘E& fﬂr Edun’.‘ﬂtﬂrs
= El Nifig : . Lesson plans featuring NOAM data, as well as
+ Maring mammals

* Hurricanes variety of formats.

*+ Sea turtles
...... * Classroom-ready data resources
« Tarnadoes

Freshwater + Climate data resources
= Weather observations Sources, processes, and threa s Historical data resources
» Weather systems & patterns waler,

= Ocean & freshwater data resaurces

+ Great Lakes ecoregion = Real-time data resources
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NOAA’s Data in the Classroom

Bruce Moravchik - Ocean Service Education Coordinator




Oceanic and Atmospheric Research




NOAA Takes the Pulse of the Planet

« Monitors earth, ocean, and coastal ecosystems.

« Does systems modeling for health and safety predictions
« Monitors and models human impacts

« Focuses on future solutions
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: Satellite and Information Service ﬂ AP e
Data in the Classroom
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NG5S MS-L52 Ecosysterns: Interactions, Energy, and Dynamics
M5-L52.1; Analyre and imerpret damm o provide evidence for the aflects of resource availabiliny on organisms and populations of organisms in &0 SCOSYEMRM..
MS5-L524: Consiruct an arpument supparted by ampencal evidence that changes fo physical or binlegical companents af an ecosystem affect populations.

Common Core ELA-Literacy: Science and Technical Subjects
m?mwwmmmhﬂhlwﬂ! i of hat ind

Common Corne ELA-Literacy: Writing
WHSTE-8.2 Write

d wiswally fe.g . in a Bowchart, diagram,

ﬁmdﬂmmﬂwmhmmhg e series, charts comparning

mlormativevexplanslory Bexts, including the narralion of Rsfoncal events, Schentiiic procedures! experiments, Or lechnical Processes. Suggestion. Enciurage
SIENTS 10 AOCUMmENL e et IO in il own words.

WHSTA-8.7 Condwct short research projects o answer a question (incliuding a ssif-generated guestion), drawing on seversl souroes and genevating addibonsl relaged.
SEpAOFELON. SUQREEson. i snaents & haveng Bouble ormuiasng helr gwn Ieseach QUestons, reler ham o moded quesnions

focused quesnons thar aliow for mulniple svenues of
s i pArkey A A

Analyzing and interpreting data: suderns read and
inherpret remote sensing data products (Levels 18 35
Shadents Imienpnet ks o in-5T Monsanng Smukaton
{Level 2); sudents nmerprel dalh poducts generaled
Investigate & research question (Levels 4 & 5).

Daveloping and using modals: snodents ergage
robn play 0 model dasa gashering echninues for in-sns
maniinnng of corats (Lewel 7

Using mathematics and computational
thinking: students teveiop A warking oetrmon of
EMperanse "anomabkes, and S8 & Degree Heaurg Week
caltulaios 1o scaming the miatanship of derved DHW 1o
satellie-collecied sea sanface lermpenabure dats (Level 3).

Constructing explanations
wolulions: shedents devsiop pressnisikm o
commurscane Snchrgs from ther data gatherng
(LEws 4 & 5).

Engaging in arg frovm evi e
present dals in suppon of & research peeshon
(Lewels 4 & 5)

Obtaining, evaluating, and communicating

g
prEsanEAhGNS In communicaie Andngs tmm their data
gathorng [Liovek: 4 & 5.

Planning and carrying oul investigations:
BILCHIIE DRSHN T v IMesIganon Lsing real dats o vy
0 Answer & research gusesion of e choosing (Level 5)

LS2.C: Ecosystem Dynamics, Functioning,
and Resilisnce: snuients examing svidence lipm n-shu
GOl MONONG i ASSESS ChANGES N e popannn oes
time {Lewel #); shudents meamine how iemperahen anomalies
contriule i accumulated Bermal s in corals (L ),
Sluderts generale dall pooUCTS 1 MEsIaIE whither
BCOSYEISM Changes produce condaons tor fenmal siress af
coral Iecabors (Level 4); Students design s own
FeESIgAlon Lesing real Ha%a 10 1 echmine Bcion reled o
thesmall sivess n ooral ecodysbems (Lewel 5).

engineeing (Lovel 3),

Scale, Proportion, and Quantity: In consigenng
phanomend, 1 s crtical 10 recognize whal s relevant ar
different maanaes of Se, Bmae, a0 Enangy And & reLoQnoe
how changes in scale, proportion, or quanity affect a
SySIEnTS Stnaciune of pefonmeance (Level £)

Stabrility and Change: For naiwsl e ol sysiens
alkee, cordinons of siabilty and detemminants of rales of
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Investigating Coral Bleaching Using Data in the Classroom

- Level 1 Level 2 Level 3 Level 4 Level 5 Get Data Teacher's Guide

Paradise in peril | Natural History Museum

NOAA Data in the Classroom

Introduction NATURAL

HISTORY
MUSEUM

The Threat to Coral Reefs

Coralr are one of the most important yet fragile ecosystems
on the planet. To begin, watch the video to the right and learn
how coral reef communities around the world are changing.

"
™ ",
If you cannot view YouTube, you may download the video here. R
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Investigating Coral Bleaching Using Data in the Classroom

NOAA Data in the Classroom
Introduction - Level 2 Level 3 Level 4 Level 5 Get Data Teacher's Guide

Coral Reef Locations and Temperature

Coral Reef Habitat and Range

Building upon the earlier maps, analyze this map that combines
coral reef locations, average SST, and ocean depth, along with a
grid of latitudes and longitudes.

In the Layers box at the upper right, you can turn on/off each
layer, or click the > next to the layer name and a slider will
A appear that allows you to change the transparency of a layer.

Question 4: Which best describes the range of coral reef
([ ] habitats?

Coral reefs occur anywhere that the SST Is above
20°C

Coral reefs occur at any temperature that is close to
land

Coral reefs occur in warm, deep waters between 30°N
latitude and 30°S latitude

Coral reefs occur in warm, shallow waters between
30°N latitude and 30°S latitude

SST, Coral Reefs Locations, and Depth Viewer
00 =L 0

© ATMOSR,
< Y S5,

&

&&C‘
€ Nowyus™

2y
§
2
S
3
z
<.
0

S

> &
Amment oF



Investigating Coral Bleaching Using Data in the Classroom NOAA Data in the Classroom

Introduction Level 1 - Level 3 Level 4 Level 5 Get Data Teacher's Guide

o Color Legend

Measuring Coral Heat Stress

The same skills used to analyze maps of SST can be used to " o e - .
analyze maps of DHW. Examine the colorbar contained in the Degree Heating Weeks SRS i by XS .3 s i‘.ir‘(a:‘;
map or embedded below. The maps plot DHW from 0-16 values. B s i ; MR A

There are some important values that correlated to coral 0 4 8 7 g e | o E et -
bleaching intensity: x
e DHW 0= no stress

o DHW 4 = significant bleaching expected

* DHW & = widespread bleaching and mortality

4 o
The map also uses bright blue-green dots to map the locations _';
of reefs. Notice that the DHW values are global and occur in £
places where corals do not exist - that is because the satellite 5 Port-Vila

data is global and scientists also like to see how heat stress may
be moving into a particular area of the ocean - almost like
watching a heat wave move across the U.S. In general, you may
disregard the extreme values seen in the open ocean and north
and south poles, since, as you found in Level 1, corals have a
very limited distribution (shallow areas in the tropics).

Degree Heating Weeks _ -

0 4 8 12 16+ Coral Degree Heating Weeks
0 ©

Question 4: Analyzing the map to the night, how many DHW
values were experienced along the northern Great Barrier Reef
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Investigating Coral Bleaching Using Data in the Classroom NOAA Data in the Classroom

Introduction Level 1 Level 2 - Level 4 Level 5 Get Data Teacher's Guide

Monitoring Coral Reefs in the Field

Reef #4: Kahului Point,

Identifying the Effect of Bleaching on
Maui, Hawaii

Coral Reefs

Photos taken in August 2015 (left)
and November 2015 (right)

Question 1: Besides the change in color, what are some
other signs that a coral reef has undergone a bleaching
event?

A. Unhealthy reefs appear more dense than healthy
reefs
re more algae on bleached reefs OVERVIEW MAP
re fewer fish swimming around bleached

Earthstar Geographics
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Investigating Coral Bleaching Using Data in the Classroom NOAA Data in the Classroom

Introduction Level 1 Level 2 Level 3 Level 5 Get Data Teacher's Guide

Identifying a Bleaching Event

Analyzing Bleaching in the Florida
Keys

Tourism is Florida's biggest industry - and the reefs of the Florida : Reef Nam Ver=f
Keys are one of the largest attractions. As you might expect from | :
their popularity, the health of the Florida Keys reefs in of huge

20.20
importance to the state, and it is covered closely in the news.

-156.00
an Temperature 26.98
Activity More info
Graph More info
1. Your Question: How is sea surface temperature affecting
the health of Florida's coral reefs? Zoom to
2. Get Degree Heating Weeks Data:
Click on light yellow circle on the map to the right. In the

popup box there are two options: download a graph, or
download data.

Click Graph Link More info and the graph plots the Degree
Heating Week data for the past few years.

You can make your own graph, if desired. Click Data Link
More info and the downloadable data provide the time
series of data you need to do your own analysis.

3. Get Data from Monitoring Reports: Florida's Mote Marine
Lab publishes coral Conditions Report on their website.
These reports will show you when and where bleaching

occurred in the Florida Keys during a given time period.

*See page 2 of the reports.

. 600km | i| 18.720 -154.637 Degrees

Earthstar Geographics = =]
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DHW

Degree Heating Weeks in Hawaii
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Hawaii - Excel

Page Layout Formulas Review View ACROBAT Q Tell me what you want to do...

‘.D % Calibri - A AT =Y B¢ General ’__‘;J :P Emlnsert - | Z- é /O
Paste B - My = = = o= = [H «0 .00 Conditional Formatas Cell & Delete ~ Y Sort & Find &

- ¥ S ) TAT EEF == i $ "% o e Formatting -~ Table~ Styles~ Ej Format~ & ~ Filter ~ Select -
Clipboard & Font [ Alignment e Number M} Styles Cells Editing A~
Al hd Je Date -

A B c | D | E | F ‘ G L H | ) |k [+
1 |Date _lLatitude Longitude Sea_Surface_Temperature HotSpots Degree_Heating_Weeks Bleaching_Alert_Area
2 | 3/12/2013 20.575 -157.7 24.1561 0 0 0
3 | 3/13/2013 20.575 -157.7 23.827 0 0 0
4 | 3/14/2013 20.575 -157.7 24.2756 0 0 0
5 3/15/2013  20.575 -157.7 24,0892 0 0 0
6 | 3/16/2013 20.575 -157.7 24,2216 0 0 0
7 | 3/17/2013 20.575 -157.7 24,0805 0 0 0
8 3/18/2013 20.575 -157.7 24,0619 0 0 0
9 | 3/19/2013 20.575 -157.7 23.8976 0 0 0
10 3/20/2013  20.575 -157.7 24,4105 0 0 0
11| 3/21/2013 20.575 -157.7 24.1047 0 0 0
12 3/22/2013 20.575 -157.7 24,3701 0 0 0
13| 3/23/2013 20.575 -157.7 24,2929 0 0 0
14 3/24/2013 20.575 -157.7 24.6362 0 0 0
15 3/25/2013  20.575 -157.7 24,0006 0 0 0
16 3/26/2013  20.575 -157.7 24.2791 0 0 0
17 3/27/2013  20.575 -157.7 24,3665 0 0 0
18 3/28/2013 20.575 -157.7 24.6558 0 0 0
19 3/29/2013  20.575 -157.7 24,0007 0 0 0
20 3/30/2013 20.575 -157.7 24,1258 0 0 0
21| 3/31/2013 20.575 -157.7 24.3095 0 0 0
22| 4/1/2013 20.575 -157.7 23.9627 0 0 0
23 | 4/2/2013  20.575 -157.7 23.9244 0 0 0
24 | 4/3/2013  20.575 -157.7 24,2705 0 0 0
25 | 4/4/2013  20.575 -157.7 24.0236 0 0 0
26 4/5/2013  20.575 -157.7 24,3268 0 0 0
271 a/s/2m13  20.575 -157.7 24.4199 0 0 0 *
Hawaii @ <] L]
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Investigating Coral Bleaching Using Data in the Classroom NOAA Data in the Classroom

Introduction Level 1 Level 2 Level 3 Level 4 - Get Data Teacher’s Guide

Designing Your Own Investigation

Plan Your Investigation

1. Develop Your Question
question that can b

temperature affected the health of
Galapagos, Haw. , or the Great
Barrier Reef in the past 12 months?
How has changing surface temperature affected the
frequency and intensity of coral bleaching at the Great
Barrier Reef since
Which coral reef is most at risk of bleaching due to rising
sea surface temperatures: Florida Keys, Galapagos, Hawaii,
or the Great barrier Reef?

2. Make a Plan
What data will you need to answer your stion? Collect the
data using the tools below:

Degree Heating Weeks Maps

Coral Reef Station Data
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NOAA Climate Program Office

Frank Niepold - Climate Education Coordinator
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Collection of Educational
Resources

Guidance in Teaching Climate
and Energy

CLEAN Network
Get Involved
About the Project

News
:\! Register for the

AGU Register for the CLEAN
AGU Workshop

a’-\é:vg Find Climate Literacy
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NOAA Climate Program Office

"Once | learned of the CLEAN website, | have been consistently using the
site as an instructional tool in all of my science teaching.”

-Teacher in Metro
Nashville Public Schools




CIFAM = Climale ard Fruegy Flucational Resauries

CLE&AM and NG5S
Abput the CLEAR Collection

Teaching ¢ and Ener
CLEAMN Merwork

TralCE

Gt Ivealved

Abat this Praojes

¥

Climate and Energy Educational Resource Collection

The CLEAN Collection is a high-gquality and rigoroushy collection of climate and energy educational resources aligned with the Climate
Literacy and the Energy Literacy framewearks, and the Mext Generation Science Standards .

Through the peer-review process scientists and educators ensure scientific accuracy, pedagogic effectiveness, and classroom readiness for each
resource.

Explore the Collection

search Refine the Results!

Resource [ype
Actwity 274 matches
Ciarriciila 4 martches
Shart Demuns
Te
Wi

R
Results 1 - 10 of 718 matches

Ocean Acidification in ol Cup
— [T R e e A ] e ] i [T = slocran Bazion,,

This model of acean- ..1I:rr'|l.|:[.|hl-.'re interaction 5hr:|w5. b carbeon dicxide gas diffuses into water, causing the

ning Culdanoe 34 maiches
246 inalches

tration, Depenment LY matchesy

"}
= Wirualization 1949 matches
waker to become more acidic. The video demonstration and instruction provide an explanation of ... caer 3 match
Fevjewed Collection
. Thermal Expansion Model Primary [K-2) 1 muleh
. hips s e ol nasa, goy edu S sesch/act by shemal - sxpa, Iraerne diame (3-8 25 miarchies
m This activity allows students o der nonslrate Lhe thermal expansion of water lor themselves using water bottla Miclile [E-8) 507 malches
and straws. The discussion allows them to explore the connection between this concept ... |:.¢..;.......,..J Callucticn | High Schaol 19-12) Lil matches

Crdlege Lotawr ]

Graduate/Prafessional £3 masches
Irformal BF mglchey

Ceneral Fubllic ¥ matches

N I o O IO S ST/ CeoEan S2ry
This .|.|:l|'..'|11'.I allerwes students to make El Mino in a container, but it might work better as a teacher
demonstration. The introduction and information provided describe El King, 1ts processes and 115 ..

Reviewed Collecton

Midds Schnal 21 marches

High Sthuol L7 L maiches

14 A3 manchas
College Upper {15-167 154 matches

be: Lex-el It 58
-{"':ﬂ RS e woisube. oo fwa pch e i n DHUP o 2 Ef carura = pour

o Thl" l.nr:'rpI t.hnrr wviden introduces the concept of sea lewel rise and ties 7t back to glebal warming. The videa is

brief, basic, and clear. It can be used far a guick intreduction, but nething deeper ...

K-2 1 match
Miclds Sckeal 477 s bss

High School 393 matches

e«<W =g

% S
A N
€ Nomyws™



CIFARK = Climats arel Friergy Edualicea

A LTS

CLEAMN

nate and Energy Educationa
Urees

CLEAN Collection

CLEAM and NG5S

About the CLEAN Collection
lirnage ard Ereergy
CLEAMN Malvwirk

TTALE

Teaching ¢

Climate and Energy Educational Resource Collection

The CLEAM Collection is a high-guality and rigorowsky
Lireracy and the Energy Literacy frameworks, and the Mext Generation Science Standards

Throwgh the peer-review process scientists and educators ensure scientific accuracy, pedagogic effectiveness, and classroom readiness for each

resource,

collection of climate and energy educational resources aligned with the Climate

MG5E & CLEAN

at a Glanoce «

Explore the Collection
CoEan search

Help

Current Search Limits: m BCRAN

Results 1 - 10 ol 509 matches

alningchrratesh

B B

THYF I H TR S L TH
Th 5 simulation allows students [1: expl-:-re the change in sea surface pH levels with increasing CO2 levels.

Reviewed Colkection

Changing Pla ures

1z f o mandoaws Jurive ss. ceg earth i changing planet s
Thie videas Tollows Bermuda scientists into the feld as they collect data that decuments a warming trend in
ocean temperatures, BIOS Director Tony Knapp discusses some of the impact of warming ... Reviewed Collection

'|'|.'h:|| Is Crcean Acidifica
Vo el ncas ab b= ik i i il i

—Hus Stati image om MD.-'.,-\ 5 Pacific Marine Environmental Laboratory Carben Program offers a visually

compelling and scientifically sound image of the sea water carbonate chemistry process that ..,

Reviewed Collection

ti nn'-‘

feEnrg

Southern Ocean Sentinels
mc s ab e reet g cakal st stpries FEEE] S 7

This vides discusses bwa key sions of global changs in the Southern Doean: changes in Anlarclic Bollom water

im.

NGSS Performance Expectations

Refine the Resultsd

Activity 160 matchas

Curricula 4 marches

Sheet Demonstratony Coperiment & matghes
Teaching Guidance 16 matches

Wide 270 malches

visuzlizatian 107 maiches

Grade Level
Primary (k-2 1 march
Intermediale (5-51 21 maiches
Middle ¢fi-Bf 370 macches
High School (5-121 249 mathes
Calleae Lovser 113-14] 253 matches
Callege Upper (15-165 111 manches
Graduate/Professional 39 matches
Infprmnal 73 marches

General Public & maiches

|
v
v

Middle Schacl b0 matches
High Schoal 108 macches

s

Widelle Zehan! 371 marches

High Schoal 442 matches

NATIONA;
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CLEAM Collection

Callecsion of Climate and En
ergy Fducational Resaurcas

CLEAN and NGES
ani NG5S

CLE

About

CLEARM K

2P,

TraACE

Let Inw

Al

the CLEAN C

Project

What Is Ocean Acidification?

hittps S pmel.noaa.gow/ oo story W hat+is+Ocean+Acidification®3F

"

D44 Facific Marne Emvironmental aboratony Carbon Group

EEFEEE @

‘ SEIEHE[ Miiddle Schook L clplinzry Tore Kea

High ficheak § Deaciplinary Core leas

The CLEAN eodlection is hand-picked and rgomushy reviessd for scientfc scourscy and classroom effect eeness, HRaad

what our reveew team had to say about thiz resource below or lzarn more about how
Teaching Tips | slence | Pecgogy | Technical Datals

aching Tips

Mosl relevant in a lile science or chemislry Class foCusing on an olten overlooked and enormausly imgortant impact of burning fossil Tuels,

Might best be used as context for a serles of basic chemistry experiments understanding buffering, acidity, dissaluticn, and carbemane
reactions.

About the Science
It Kb Cest swricanding e image there is & eo0d ovenvies of the chemistry and conseguences of ocean acdification,

Image shoaes a simplified version of a portioa af thie sea water chamistry that leads to ocean acldification,

Passed initial science review.

This static image from NOAA's Pacific Marine Environmental Laboratory Carson Frogram offers a wisually compelling and scientifically
sound image of the sea water carbonate chemistry process that leads to acean acidification and impedes calcification.,

Carbon Cycle
Sl O OGN ik Do,

Ecosystern Changes
Se2 maE on bhils bopic.

Plants and Animals
SEa o nn lhn lepE,

Qcean wWarming f
Acidification
SOE MuNE 00 ohls popic.

ngh Schaol ($-12)

Spe more 27 this grade |esel.

College Lower (13-14)

Ses moee @ P grace leeel,

Ccrllege Upper {15-16]

Coam oo mm piale mee oy ool

Jump to this Static Visualization =

NATIONA;
oy O,
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o =R TR SRR TR TR EREE R T TR RS R RTRRAEATE T T AR B AR TR TR
AL fsee derails)
About Teaching Principle 3

Ceher materisls addressing Sc

® 7 isee derails)
Related URLS mewse resared shes were noned by cur reviewers an have net been raviewed by CLEAM About Teachensg Frinople
Caher materials addrassing Td

+ Rackground infarmatian the the science and how related research s conducted is included.

This Is the MGAA owarvlaw page on acean acikdfication: hitpe ! dwww.pmiel.naaa.gavien? (storg Doean + Acidfication

MEXT GEMERATION
Mext Generation Science Standards ses how this Statie Yisualization supports [:'EH[:E

¥ hide Far Siste. By St

Middle School
Disciplinary Core ldeas: 1

M5-PL1EL Substances react chermically in characteristic wanys. In @ chemical process, the atams that make up the original substances are regrouped into different
malecules, and these new substances have different properties from those of the reactants.

* hige
High 5chool

Disciplinary Core ldeas: 5
Hs-gx52.02-Cradual atmospheric changes were due to plants and other organisms that captured carbon dioxide and released oxygen.
HE £552.03-Changes in the atmosphere due to human actvity have increased carbon digsdde concentrations and thus affect climate.

He-£552 1. The mary dynamic and delicate feedbacks beteween the binsphere and ather Farth systems cause a continual co-eeolution of Earth's surface and the life that
axists an it.

Hs-L82 B3 Photosynthesis and cellular respiration are imporant components of the carbon cycle, in which carban is exchanged amang the biosphere, atmosphere,
orceans, and geosphere through chemical, physical, geolegical, and hiological processes,

He-FLEz:In many situations, a dynamic and condition-dependent balance between a reaction and the reverse reaction deterrmines the numbers of all types of
malecules present.
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Teaching Tips
+ Most relevant Ina life sclence ar chemistry class forusing on an often avwerlnaked and enormausly impartant impact of burning fossil fesls,

« Might best be used a5 context for a series of basic chemistry expenments understanding buffering, acidity, dissalution, and carbenate
reaclions.

Ahout the Science
+ Im the text surrcunding the image there 1s 2 paad owerview af the chemistry and canseguences af acean acdificatian.
« Image shows a simplified version of a portion af the sea water chernistry that leads to ocean acidification.

« Passed initial science review,

+ Commerts fram expert scientist: &ccurate, condensed information abkaut eoean acidification and its impacts - both present (ohserved) and
Future {predicted).

About the Pedagogy

= This site has potentially helpful backgrownd on the complex chemical interactions and impacs of OO frem the atrmosphers on the marine
RCEsysiem.

«  Additionally, this site provides links o papers, data, and graphs, which will aid hurther investigation.

« Dther steps of the chemical process are showr in other graphics that are avallable on this website,

Technical Details/Ease of Lise
« Loed illustration with background infarmation on cozan acidification.

« Background information the the science and how relsted research is conducted is included.

Related URLS vhasa reated sies wers nosed by s reviewers bt have net baen raewed by CLLAN

This is the NOAA overview page on acean scidification: hitp: ! fvweee.pmelnoaa goyice? dstoref Ooean s Acidiication

Mext Ceneration Science Standards se now eais Ssark visualizaton suppers
= Midd|e School isee details:

» High School see detais)

Jump to this Static Visualization =

Frovystem Changes
G o an o lope.

Plants and Animals
S02 MuE On Dhils popic.

Qecean Warming /
Acidification

Ses more on s oo,
Crade Leve

High Schoal (5-132)
G morw w7 B grace e,

College Lower {13-14)
St HOFE 21 this gra.da leswizl.

College Upper {15- 16}
Sea more &7 bris grace leeel,

Infarmal
Sl o @ s gr:.di Teraial.

Regional Focus

lslands, Oceans (Global)
S reaee for Chih ragiom.

Climate Literacy
About Teaching Climate
LiTeracy

e 2d Jsec decails)

Ahout Teacking Principle 2
Crher marerizls addressing 2d

= 3L {see detalls)
Ahout Teadkireg Principe 3
mhier racerizls addressing 3c

* 7 dsee details)

Abour Teaching Princple ¥
Cnher makerizls addressing 7d

SCIENCE

Far Slsies, iy WLl
Learn mere ooyt LLEAN ang MG
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CLEAN

LITERACY &ENERGY AWAREN

CLEAN

Climate and Energy Educational
Resources

Teaching Climate
Teaching Energy
Tools for Educators
CLEAN Network
TrACE
Get Involved
About this Project

Guidance in Teaching About Climate and Energy

Climate and energy are complex topics, with rapidly developing science and technology.

These pages offer easy-to-read explanations of science and policy, designed to step students through the key principles of climate and energy. Each page is illustrated
with examples to bring these topics alive in your classroom.

A summary of each of the climate and energy science principles
Ideas to support learners
Suggested teaching approaches, selected for various grade levels

Relevant resources from the CLEAN collection

Teaching Climate

Walk students through key components of the climate system: the Sun, the atmosphere, life on Earth, human impacts, how
scientists study climate, and actions humans can take.

Teaching Energy

Trace the story of energy in our lives, beginning with the physics of energy and how energy flows throughout the earth
system. Explore energy's influence on human society, sources of energy, the ways we use energy, how we make decisions
about energy, and the impacts of energy use.

Check out the Educator Toolbox to find more teaching resources

Explore tools for teaching about climate and energy science, including pedagogical approaches, activities, and instructional
ideas:

» Earth Systems Investigations « Webinars
+ NCA Teaching Resources « Workshops
« Newsletters

« Creating Your Own Climate and
Energy Units




CLEAN > Teaching Climate and Energy

TELITERACY & ENERGY AWARENESS NETW

Teaching Climate

CLEAN

Climate and Energy Educational
Resources

Teaching Climate and Energy
1. The Sun Provides Energy
2. Climate is Complex
3. Climate and Life
4. Climate is Variable
5. Understanding Climate
6. Humans Affect Climate

7. Climate Change has
Consequences

GP. Humans can Take Action
Climate Literacy Quiz
Teaching Energy
Tools for Educators
CLEAN Network
TrACE
Get Involved
About this Project

IClimate change has consequences for the Earth system and human
| lives.

Teaching these ideas

Teaching the impacts of climate change is supported by six key concepts:

a. Melting of ice sheets and glaciers, combined with the thermal expansion of seawater as the oceans warm, is causing sea level to rise. Seawater is beginning to move onto low-lying land,

contaminating coastal fresh water sources, and gradually submerging coastal facilities and barrier islands. Sea-level rise increases the risk of damage to homes and buildings from storm surges
such as those that accompany hurricanes.

» There are 5 more fundamental concepts. See them all...

Most people are aware of the increasing frequency of extreme weather events, which is what climate scientists predicted for a warming world. The impacts of climate
change on humans and environmental systems have become a focus for resource managers, medical professionals, emergency managers, insurance companies, and
military planners. A great challenge of the 21st century will be to prepare communities to adapt to climate change while reducing human impacts on the climate

system (known as mitigation). Additional factors such as poverty, a lack of resources, the absence of political will, and the necessity for nations to work together add
further complexity to this challenge. Many jobs and industries will be affected by the changes that are happening or are anticipated for the future.

The importance of this principle is readily apparent: our climate is changing and so is our world. Symptoms of
climate change are all around us: extreme weather, diminishing sea ice, year after year of record-breaking

warmth, drought, fires, and stress to ecosystems. Many of these consequences will create hardship for humans.
Some key points are:

o The impacts of human-caused climate change are already being seen, from polar regions, to our
backvards. to communities around the world.
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NOAA Climate Program Office

"It's refreshing to have a clearinghouse of information that |
can trust, especially in a pinch. | believe this material was a
great success, as students responded positively to course
content & level of teaching.”

Informal Educator, Philadelphia PA
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Ocean Today

Any Questions?

Please use the chat window to post your question




Ocean Today

Education/Climate Deep Dive
With
Kurt Mann - Executive Producer Ocean Today
Bekkah Lampe - Education Outreach Specialist

Bruce Moravchik - Ocean Service Education Coordinator

Frank Niepold - Climate Education Coordinator

http.://oceantoday.noaa.qov/



http://oceantoday.noaa.gov/
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