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EarthLabs is a model Earth science lab course for high school students. The

. . . . a National Model for Hurricane Visualizations
lab experiences featl.lre £l comblnatlon of classroom eXp.enmentS and computer Earth Science Lab Courses , serc.carleton.edu/NAGTW orkshops/visualization/collections/hurricane html
access to data and visualizations, and demonstrate the rigor and depth of a true it
lab course. This effort aims to create a set of exemplary lab modules that span EarthLabs : TeaChinlgtBiocgm/ﬁfg%’ Vl\l/l ﬂliehGergienceS ity index/htmn]
several days or more, engage students in deep and long-lasting investigations, EarthLabs V\Ilhat could | be cooler than learning about the serc.carleton.edu orkshops/biocomplexity/index/htm
: : : : Earth and environmental science classes are changing. h thi I ? .
enable them to explore the rich interconnections in the Earth system, and Tl e b e e . TicExipioes | P anet you live on Teaching the Ocean System |
involve a Variety Of inquiry-based experienceS. into programs that challenge and inspire students to _ Earth and Environmental science courses haven't always been taught as high-level science courses. The "Big serc,Carleton.edu/NAGTWorkshopS/ocean/lndex.html
NOAA . .t. t d k th E thL b b f d, f t t explore the complexities of their home planet. As Topics and Labs 3" science classes—biology, chemistry, and physics—all have something interesting to offer, but they never
1INnitiat€d workK on € car aDS course undin our proto c tellite-based impr d our vi f Eartl r pull it all together into a picture as big as our planet. Earth and Environmental science classes are about the .
. . . y g p . yp ;i;lel ﬁ‘nte?zStinsgegjgigr;mei;:z;nth:si CT;E;;EOS h:we‘I . I;O :a:lsfl___ real world. The activities in these modules will prepare you to understand data about Earth that will help you Usmg an Earth SYStemS ApproaCh
unltS, fOCUSlng on the domalnS Of oceans and the atmOSphel‘e and thelr become a prime venue for learning relevant information. — [_:'"'g_:"‘ make informed decisions about the only home planet you'll ever have. serc.carleton.edu/introgeo/earthsystem/index.html
. . . Fisheries
connections with other components of the Earth system. These topics were In keeping with this transformation, the EarthLabs project e And why is Earth Science Important? Because we live on Earth. Using Data in the Classroom
1 1 - provides a national model for rigorous and engaging Earth eeessssssssssmm | 1€ fUture of our planet depends on human abilities to understand Earth and manage its resources
SeleCted because they represent rlCh domalns Of Current researCh Of lntereSt tO and environmental science labs. Four units illustrate responsibly. Our ability to use water and energy, deal with natural disasters, and cope with the changes of serc.carleton.edu/usingdata/index.html

sequences for learning science concepts through data
analysis activities and hands-on experiments. In the

with our warming climate all require a broad public understanding of how our planet works.

NOAA and the other partners.

On the WEb, EarthLabS iS COmpOsed Of two SiteS, one fOl‘ educatOrS or activities, students use satellite imagery, numerical data, With global climate change as "the single most important e a2
. . . . and computer visualization software to explore Earth driving force that will negatively affect the future of the human
policy makers and the other for students. This strategy provides teachers with system processes, Addissly; lbs ndude the use and race unless we do something about it now" (Raven, 2006),

Earth science is more important than ever. Research from
scientific organizations affirm the likelihood of significant global
warming over the next century (Intergovernmental Panel on
Climate Change, 2006; National Academy of Science, 2001;
American Meteorological Socety, 2003; American Geophysical
Union, 2001). Possible impacts include higher global mean
temperatures, melting of polar ice, rising sea levels, greater
extremes in weather, more severe floods and droughts, and - _

Projected Surface Air Temperaturs Increase, 1960 te 2060,

disruption of ocean circulation patterns. B G EASE On the Student Pages Students are
- From energy and agriculture to manufacturing and presented With the materials they are going

construction, Earth and environmental science are at the core

of billion-dollar industries. Energy issues—fossil fuels plus tO interact With

« Readings

* Videos

» Visualizations

development of guantitative skills that enable students to
evaluate scientific results for themselves.

the support they need without overwhelming the students with all this
additional information. The students get pages that lead them through the
activities which they need to complete. To avoid potential confusion for
instructors, we've given the different pages distinct characteristics and labeling. R |
There are also links from the Educator’s Page to the Student's Page but not in the me—
other direction.
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Four Prototype Chapters

o L
EarthLabs Topics Focused on Ocean and Atmosphere Formative and
issues and the connections between
EarthLabs initial release includes four modules. The sequence of labs in each L2 A ot
. . . . q them and the reSt Of the Earth System. Earthlabs > Hurricanes
meant to be a part of integrated instructional units.
’ o ’ o EarthLabs -
Corals: Rintoests o the sea Teacher’'s Website udent’'s Website | Hurricane Anatomy
40% of Earth's coral reefs are in critical condition or already degraded beyond recovery. Find out why these amazing marine animals Corals _
are so important to our planet. Drought Introduction
Fisheries In this investigation, you'll look at a
. . number of videos, animations, and images
Drought: Dealing with a d spell in order to gain a better understanding of
What happens when a region gets less than its "normal” amount of rain and snow in a year? What if the new, drier conditions last for a Lab 1: how hurricanes work. You'll also learn a lot
decade? Meteorological about how we know how they work. In the
) Monsters first part, you'll learn about some of the
. . . . . Lab 2: Hurricane satellites that researchers use to study and
Fisheries: A Case Study: Ecosystem-based management in the Gulf of California Anagoray make forecasts about hurricanes. Then
Can marine fisheries continue to serve humanity in the future as they have in the past? What can humans do to keep this resource —— you'll get a chance to look "under the » Show caption
: o A hood" of a hurricane to see how these storms develop. Finally, you'll spend some time
sustainable? Sibson Soals
RIS GG exploring differences between storms in the Northern Hemisphere and storms in the
. . I 2B: Types of Southern Hemisphere,
Hurricanes: Earth's Meteorological Monsters Lab Ove r'views Satellite Data
Investigate how, where, and when hurricanes occur. Explore the dangers to humans and property caused by hurricanes and how we . - _ _ . . | ==
can be prepared to deal with those risks. o PR ok ER i G 1. Click the thumbnail image at rlght to see a larger view of a Fl|molgraEh for San Antonio, SR EarthLabs H urrica ne Anatom
S : . <y o2 I Texas. The graph shows conditions for January through midg® Seas y
tudents are introduced to the dire predictions about the future of the global fishing industry. Students read Ch ki I t- h 1 t d t Corals
an NSF press release about the projected collapse of currently fished seafood. Students also use Image] to 2. Examine the graph to interpret the conditions in San Antonig c€C ng n Q‘!es 1018 ne p studaents Drought Part A: The Saffir-Simpson Scale
analyze oceanic biodiversity maps spanning 40 years. red for temperatures and light green for accumulated precipi Self—aSSCSS hOW Well they underStand Fisheries '
Tools Needed: Image] it i i . . . i i i r Saffir-Simpson Hurricane Scal
g conditions complled from many years of data. The brighter rg tOplCS. HlIltS and/or answers are glVGIl on One pt|e3(|§ Of;]r"llforr?a;l(fn y(;u ||.hear a.bo;: affir-Simpson Hurricane Scale
accumulated rainfall through July of 2008. the age s the an he k their thinkin Lab 1: ;eap;?i?—gm‘\:‘pgo:\zzafe zlfn(?vdl:::tlac?nntii;?tv :
2. Are You Going to Eat That? Checking In Questions p g 0 y c C c g' Meteorological The scale is based on measurements of
: i Students leam about destructive and wasteful fishing practices contributing to the decimation of the world's o _ Monsters sustained wind speed; it categorizes
' 7 . : .
La b 5 2 Exp | 0 rl n g Fa Cto rs th at Im pa Ct CO ra | H ea |th fisheries. Students explore various resources for identifying sustainable seafood and visit local markets and o What does the graph indicate about San Antonio’s temperature: Lab 2: Hurricane hurrlca.nes from 1 (lowest _'ntens'Fy_) _to 2
: : h i1 bilit £ fovisil ; | d fi | roh-bere in thes it = Show me Anatomy (most intense). The technical definition of a
Thi lab Sctuity Bestrbad haks Wak eeatal by Brr Baross oF TEIC 160 he ESth 5hs fropst. R R restaurants to investigate the availability of seafood on regional and national watch-lists in their community. . hurricane is winds of 74 miles per hour or
Activity Summary and Learning Objectives » Show me Sl the major delineations of the scale in the 3 111-130 96-113
In the previous lab, students explored the characteristics of the ocean environment in which coral reefs 2B: Types of chart on the right. You can also read more
thrive: Dinfortunatelytiereasea numberof factors;: both natumsl and:antiropogesic Gesnlting from 3. Oh What a Tangled Web: Ecosystem-Based Management o o 1 _ _ Satellite Data about what goes into ranking storms at the . 96-110 84-05
' Yr r pog g R - - 3. Explore current dynamic climographs for cities in the southern states at NOAA's Southern Regional Climate Center , following links: - -
o . Students leam about ecosystem-based ap 2C: Under the g
human activities), that can alter the ocean environment and threaten the health of coral reef q ! 8 o cludi Climate Summaries page .d
ecosystems. In this activity, students will examine the three main factors that disrupt corals. a? Mmr_anaf_? rrESrn;leL]ecpcsg_fs ::r:hs,tlnc_lllj tlng ' Hoo e NOAA: Saffir-Simpson Hurricane 1 74-95 65-83
g R A e T e . . . . . 7 4. To generate accumulated precipitation graphs for other regions of the country, start at NOAA's Earth System Research 2D: Comparing Scale , .
After completing this investigation, students will be able to: Students also play the Great Austrafian Fid InStl‘llCthIlal UIlltS, as dCSCI’lbed 1n Amerlca S laboratory. Click the "Plot accumulated daily precipitation” link near the top of the page then dlick a location on the map. North and o Wikipedia: Saffir-Simpson Hurricane Non-Hurricane Classifications
in the management of three fisheries. Lab Re Ort (NRC 2006) South Scale Tronical
s use a Geographic Information System (GIS) tool to evaluate threats on coral reefs; Tools Needed: QuickTime Player, Adobe Fl p Z = Show me
e explain how certain fishing practices, pollution, and climate change can damage coral * Learner Centered Stop and Think Eatttitabs Hurricane Anatomy
ecosystems, and 4. To Fish or Not to Fish? . Knowledge Centered 1. List 5 cities or locations for which you examined dynamic climographs or accumulated precipitation graphs. Corals
¢ describe the predicted consequences for coral reefs. Students are introduced to Marine Protectd ° Assessment Supports Learning Tell whether each location is wetter than normal, about normal, or drier than normal. Explain your reasoning. Drought Part B: Types of Satellite Data
- ¢ fisheries. Students also leam about the Gu . Fisheries : ; Related Link
_Lgph b RS : : : . Step 1: Satellites and Forecasting L=l ML
' foremost locations for marine conservatio Communlty Centered De Sto and Think Questions k t d t Click the image to watch this NASA video on how researchers Egg?wut“tsetss ?.Irseen ttotgfugnly e
Diver measuring coral. Phote courtesy Tools Needed: TV/DVD Player, Adobe Reader p aS S 11 en S Lab 1: study and forecast hurricanes, then answer the questions that TJ':L:E:;E?'D?SEE;;ZSEE
o tasa ¢ to go beyond memorization to drawing s does the term bring to your mind? Metowmioghal | FlOW Diopeing 1 on 2 Huricane
’ . L . . Monsters Buoys :
Context for use On the Educator’s Page, headings break out 5. Gone Fishing .4 conclusions and deducing patterns. Used as e B hrs vace o v
This activity follows Lab 4: Finding Coral's Ideal Environment, | im Ol‘tant information for teaCherS' Students leam about the consequences of overfishing by examining the sharp declines in groundfish landings . . o s Anatomy NOAA National data Buoy
caral reefs. Now that students are familiar with the environme P . . . in New England over the last several decades. They also investigate whether or not the effects of overfishing Summatlve assessment via the aCt]‘Vlty SheetS. 2A: Saffir- iie:ctf;ﬂ
explore the factors most likely to disrupt these conditions and * Learnlng Ob]eCtlveS can he raveread thrauoh scoguetem and fichanas mananemeant meacuras Simpson Scale e A
students work in pairs or small groups for all three parts of thig o Teaching Notes and Tips 58: Tyoes of Hurricane Field Studies
periods. Part A and the first step of Part B will take approximat c . . o Satellite Data
assigned for homework. Part C will take approximately 1 class ° TeaChlng Materlals = ACthltY Sheetsr 5C: Under the
Grading Sheets, Supporting References Hood
52 b il 8 i =
Activity Overview and Teaching Materials - Context for Use N | R
In Part A, students leamn to use the ReefGIS geographic inform ° Background Information South IChecking in Questions
reefs in and around the Caribbean Sea. To access the ReefBas : . -
6.0 or Mozilla Firefox 1.5, Javascript will also need to be enabl * Appllcab]-e State and Natlonal EarthlLabs H . A t
information about ReefGIS, visit ReefBase’s ReefGIS FAQ pagd Standards N Itrates a n d Ph OS p h ates a n d AI g a e O h My | — urricane Nna Omy
r ' ~0rals
In Part B, students examine different layers of the "Reefs at Risk" map of the Caribbean to separate the effects different human Drought Part C: Under the Hood
activities have on coral reefs. They also read a series of short articles about the impacts watersheds, exploitive fishing, and coastal AT ESTOOE NOTE AT aITS e OO UE OOTTE D T ATTTVITY = AT Was TIanTeT Uur a = OED Part A: Making an Algal Bloom Fisheilds
d | th | fs, i i i ¢ | 1w i i - : : : - g 2 - Advances in computer models and observational methods have made it possible to learn
evelopment have on coral reefs of the lab. Here is a grading sheet (acrobat (PDF) 52kB Jan7 08) With example answers to the guestions in the lab. - Because algae and other planktonic species are the primary producers upon which the rest of the : > . S IS SRS T S S SRR s NS
In Part C, students DEFFG rm Simple hands-on experiments designed to he|p them better understand the effects of ocean acidification . . . o marine food chain dEi:'El"ldS_, itis imp@f‘tant to understand Wh'}" algal blooms occur and what effects ? Lab 1: . view of our current understandings of these storms.
an cacal ioofe and coad the MOAA acticls What ic Orann Acidifieatinn? Tha fallnwinn matarale am naadad Ernr ageb arnnn of 2.5 State and Natl_onal Science Teaching Standards = they have on the surrounding water and marine life. In this part of the investigation, you will make ‘ & ﬁ ( MEteci"O_'Og'Ca'
» Show me California standards 8 your own algal bloom and test what factors influence the occurrence and duration of the bloom. & @ Mensters
» Show me Massachusetts standards g f o ﬂb Lab 2: Hurricane | gtep 1: Internal Structure
» Show me New York standards ;. 1. Prepare a "Control” container and a "+ MNutrients" container for your algae samples. 0 _ Anatomy
= » Show me materials needed for this experiment % @ 0‘ 2A: Saffir-
i = Simpson Scale
v Hide 5"' a. Label one container with your group number and the word "Control". Label 0 € ﬁﬂ 25_2 o
L™ e ‘ ’ = the other container "+ Nutrients”. © ﬁﬁ g® a Sat'e”TtZe;;ta E ’ ——
Applicable North Carolina Earth and Space Science Standards o | ——— N
' ‘ pp E.- b. Add an equal amount of water to each container. ﬁ_ : D !
. . . . ... o : : . ! o o , , Hood '
\ Competency Goal 5: The learner will build an understanding of the dynamics and composition of the = c. Add 3 of drops of algal culture to each container. IWrcenie Vil oe e s sl - , ~ -
t h d its | l d global infl i li t d ai li ) Image source: Food and Agricuiturs! 2D: Comparing - IR \ / oy
atmosphere and its local and global processes influencing climate and air quality. o d. Add 1 teaspoon of liquid fertilizer to the 250 mL of distilled or bottled water o rao) North and !" ™\ A R
5.03 Analvze weather svstems: R . . = and mix well. The use of distilled or bottled water will ensure that you do not South 1 . n_)_‘-E-—A_A_L_;
' Y Y | Ahgnlng Wlth state and contaminate your experiment with trace metals, nutrients, or chlorine found in tap water. _—
artnLabs 1
+ Movement. national Standards e. Using a pipette or eyedropper, decide on a small unit (such as one half or one third of the pipette), that — H urricane Anatomy
’ 5.04 Analyze atmospheric pressure: Each 1 h T £ will be your standard base unit of fertilizer. As a class, decide how many units of fertilizer mixture each i _
‘ « Planetary wind systems ach lesson has a list o group with add to their "+ Nutrients" containter. Add the proper number of units of liguid fertilizer mixture Drought Part D: Comparing North and South
] . . m - n e i . : A : Fisheries
e Pressure cells relevant SCl1ence educatlon ::;bz;ﬂw AT contamer, Winte: Eng iumiser of ferblsar anits you ad HandS'On Labs Up to this point, you've been dealing with hurricanes that occurred in the Atlantic Ocean
. ' - Stal’ldal‘dS from the StateS ' All the units have labS o north of the equator. Nowl, you'll examine some visuatlizations of cyclones that occur'red
k‘ ﬂ . @ 5.05 Analyze air masses and the life cycle of weather systems: . Ived 1 £ th 2. Take a drop of water from each sample and look at it under a microscope. 10x magni Meteorsiogiiat ?OUthtIOf thet}eqt“;to;yzu 'l be asked EO d.rﬁw Ccfgflus'ons e s S S
e Air masses. LLTOILE 1 as we asd rom € and record the number of phytoplankton visible in both sample. Have each member o where students do Monsters S S Rt
National Science Education the average number of phytoplankton per drop in both the "Control® and "+ Nutrient s _ - Step 1: Severe Tropical Cyclone George
s Hazardous weather. o ) ) N : ) S ) Somethlng to learn about :it;tzo.ml-iumcane Severe Tropical Cyclone George came ashore near Port Hedland on the northwest coast of
| Ioaical ob . Vi d diction: Standards. Thel‘e are a].SO 3. Place both containers near a window, out of direct sunlight, but where they will receiv the topiC. ¥ Australia on March 8, 2007. The storm had average winds of about 195 km/h, gusting to
>.06 Evaluate meteorological observing, analysis, and prediction: link h d light and are kept at the same temperature (don't place some containers on a heater 2A: saffir- 275 km/h.
. . 1NKS tO t (& State an : Simpson Scale
» Worldwide observing systems window). E : _
g sy ' n ti n 1 t nd rd 8= Tyies of In the South Pacific basin, they use the Australian Cyclone Scale to indicate storm
. i p— ational sta ards 4. Every day or two over the course of 1-2 weeks, make observations (e.g., color, opacity, smell) on the algal cultures in S intensities. Developed by the Australian Bureau of Meteorology, this scale places primary
Meteorological data depiction. Satellite Data
themselves so that educators each of the containers. You should also observe one drop of water from each sample and count the number of _ emphasis on the strength of individual wind gusts rather than the 10-minute sustained
= = X ; hvtonknbon oerdicn oS vah did it Sies. 3. Carsfullv record voiir fdifies 2C: Under the winds that the Saffir-Simpson scale uses. On the Australian scale, George was considered
i g - » Show me Texas standards can view them dlrect]_y. pHYLOR P P Y R L ok ZEy Hood a borderline Category 4/Category 5 storm.
_i %‘% R » Show me National standards T 5. Analvze yRuE fll"ldll"lgs. ig;t;:t::garmg Click the image to see the animation. Check the color code to interpret what's happening
— Additional Resources g"' a. For each treatment ("Control" and "+ Nutrients"), create a graph to illustrate algal growth (determined by South in the storm.
F = = number of phytoplankton cells per water drop) on the y-axis versus number of days on the x-axis. Lab 3: Putting )
_— | W = el Y Australian Cyclone Scale
—_— Background Information (pre-teaching) ) b. Compare your findings to those of other groups using different amounts of fertilizer. Discuss any Hurrcanesan e _ -
_____ ,-’! ."?;.' Linite  ~r Dimencinnal Anolvsics This none written by Konnwy Falder of M State |inivercitw Unit Conversions f.r':'m The = differences or inconsistencies. Colengar Category Suslmned Wind Gusts
== Lab 4: Putting Winds (kim/h) (km/h)
r Ac o rlage rcreate a aranh of final cell density versinis fertilizer concentratinn for each mitrient treatment Hurricanes on the
= o W T_F __ s B . Map 5 2200 2280
;___‘ié E—_; SEil (A7l ediis Lab 5: All About
| E— y . | - S § ey B s e & §F e Yw wwF § F § e SwR we Al Precsire 4 160—169 225279
e — Lab 6: Why Keep
an Fve on the a




