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Unit S:
Ocean, Atmosphere, and Climate:
Cold Yeors in New Zealand

Chapter 1: Air Temperature

Unit Question:
What determines the air temperature of a location on Earth?

Chapter 1 Question: -
What determines the air temperature of Christchurch, New Zealand?



Do Now: Comparing Average Temperatures

Ccmpare the average annual temperature for each of the two cities shown on the map, Thern, answer
the questidn.

‘What ideas do you have about what makes Anchorage A!aska cooler than Christehurch, New Zealand?
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Introduction

Welcomne to the Geean; Atmos;:;here and Climaté unitl in. this unit., yots will be working as student
cltmate scientists. also known as: cilmatoiogists Farmersin Chrlstchumh New Zealand, have ﬂctzced
that the air tempera’cure is cooler dunrtg El Nifio years, and these temparature changes affect their
Crops: As astudent’ chmate scsenttst forthe New Zealand Farm Ccunml you will mvesti:gate what

is causing these temperaiure changes. To{:[ay you’ will learn more aboust El Nifio events and air
-temperature and use the Sim to begin yourresearch,




~

Key Vocabulary

(.\\ Climate: General weather patterns over a long period of time.

Message from the New Zealand Farm Council...

Kiri Parata 4
To: Studént Climatoiogists NQW Zearaﬂfj
Re: Influences on Christchurch, New Zealand’s Farm Counoif

Air Temperature

I am the director of the New Zealand Farm Council..Our organization represents
farmers in the area surrounding Christchurch. Every few years, we notice climate
changes that affect the crops. During El Nific years, the air temperature is much
cooler than usual, and we would like to learn why.

So the farmers are better prepared for these temperature changes, we are asking
you—our student climatologists—to conduct some research on what determines
Christchurch's air temperature, especially why it decreases during El Nifio,

Looking forward to working with you and hearing what you find out!
Kiri

(~~ - Kiri Parata, Director
Q New Zealand Farm Council

Christchurch During El Niiio

RESEARCH QUESTION:

During El Nifio yearé, why is Christchurch, New
Zealand’s air temperature cooler than usuai?

Discuss your ideas with a partner, then select the
claim that is most similar to your ideas.

W Claim 1: The amount of incoming energy
from the sun changes.

 Claim 2: Something about Earth's surface
(land or water) changes.

 Claim 3: Something about the air changes.




Key Vocabulary

Temperature: A measure of how hot or cold

Energy: The ability to make things move or change. something is.

Sim Mission: Change the Air Temperature (Teacher Model)

Part 1:
Your teacher will model how to make the air temperature change in the Sim. Go to Energy Test mode.

1

* How do you make the air temperature increase? (circle one)

o | (@dded! removed) energy to make the air temperature increase.

¢ How do you make the air temperature decrease? (circle one)

o | (added I energy o make the air temperature decrease.

Reading: “Effects of El Nifio Around the World”

In the article entitled, “Effects of El Nifio Around the World,” you will learn about the effects of El Nifio in
specific locations. As you read, annotate the article using the Active Reading strategies that work best for

you. |
Active Reading Guidelines
1. Think carefully about what you read. Pay attention to your own understanding.

2. As youread, annotate the text to makea récord of your thinking. Highlight challenging
words and add notes to record questions and make connections to your own experience.

3. Examine all visual representations carefully. Consider how they go together with the text.

4, After you read, discuss what you have read with others to help you better understand
‘the text. ' - |

Probability of El Nifio:

In the reading, you learned about the effects of E| Nifio and the impact it has on a large part of the world. El
Nifio is influenced by many causes, from changes in global temperatures, to ocean currents, and even to the
direction and speed of winds. Because of the complexity of El Nifio, even our best estimates cannot always
accurately predict when the next El Nifio event will occur. While it is not always certain when El Nifio will
take place next, scientists can predict from previous years' evidence that the El Nifio phenomenon occurs

approximately every 2 to 7 years.
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Exit Ticket (Please complete after you have finished reading the article.)

Based on what you read in the article, why do you think it is important for climate scientists to study El Nifio?
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Effects
of El Nifio
Around
the World

‘Chapter 1: Different
Places, Different Effects

Differgnt places on Earth have their owo
weather patterns that depend onthings like
local gevgraphy anid digtance from the equater.
These weather patterns are known 25 regional
climates, and they don’ tchange varymuch
from year to year .. . ordinarily. However, an
El Nifia year is anything but ordinary! The
climate pattern called Ef Nifio happens every
2107 years, bringing jmpﬂrtant changesin.
temperature. pracipitation, ana’ more, Ef N;?Eo
affects the'whole planet, butithas different
étfects on different locations. Chiobse ohe
of the chapters that follow fo learn more
about the effects of EI Niflo on the reg:cmaf
climatein a particular place on the giobe

Chapter 2: Drought in Pakistan

Late SUMMer amd early fal i are: usuaﬂy wet’
tzmes inthe mnntr; of Pakistan: Nnrmafiy. the,
o nsoon season in Augugt and Septernber
brings heavy rainstorms. Monsoon season
suppliesabout half of Paklstan srainfor

a typical yearuahout 25 centimeters (16
inchesyinjust two months, These storms keep
temperatures fram getting o0 hot. However,
the climate patiern calied Bl Nifio weakens
the monsoon season in Pakistan causing dry,
ot weather Insstead of cool rain. This unysual
vieather causes d variety of healthy problems
for people there and keeps crops from bemg
watered Without water to grow food, fiany-
people s health problems get worse because

they dcn tget !:he nutrition they need to get: weli :

The climate patiern calied Ef Nific causes wet
weather insome-places and extrarie. dmught
iniothars.

. In Pakistan, the EI Nifio climate pattem causes
hot, , &y weather Instead of monsoon starms.
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Chapter 3: Landslides
in'Los Angeles

Normally, Southern California is a pretty dry
plave: the city of Los Angeles only gets about
38 centimeters (15 inches) of rain each year.
During El Nifio vears, however, Los Angeles
can get much more rain than usual. For such
adry place, the exira rain brought by E{ Nifio
may sound like & good thing—but it can he
dangerous. Large amounts of rain falling on
dry, hilly ground without many plants to keep
the dirt in place can lead to landsiides. In Los
Angeles, sorme people build homes at the tops
of hills, These hilltop homes tan be destroyed
when the dirt underneath therm gets too wet
and slides downhill. Landstides can also block
or destroy roads, injuring people.in their paths
and causing rmillions of dollars In darmage.

Chapter 4: Malaria in Colombia

in the South Amer‘icaﬁ country of Colombia, El

Nifio calises serious droughts, These droughts

can affect farmiers in the area, but they have.an

sven bigger sffect on public health there, During

El Nifio years, Colombia has a 17% increase in
vases of a serivus disease called malaria. When
rivers and streamis begin to dry up in a drought,
thé rernaining water forms riany shallow pools
that are good places for mosquitoes to ive and
breed. Mosquitoes catry malaria, fransmitting
it to people by biting them. More places for
miosquitoes to breed means there are more
mosquitoes around to transmit malaria to
nearby Hiumans: Mosquitoes typically breed
faster inwarm weather, $o rising femperatures
may also work to Increasa the rates of

mizlaria in Colombia during Ef Nifio years.

Extra raln in Los Angeles might sound like a good

thing, but it can cause landsfides that destroy
homes and block roads.

When rivers and streams begin to dry up, they
form pools where mosquitoes five and breed.
These mosquitoes can carry malaria and transii
itto peaple living nearby.



Do Now

(

“than usual.

the air has

Look at the graph carefully and read ali the information to review how the temperature of
Christchurch, New Zealand, changes during an E1 Nifio year. Then, answer the question. -

Average Air Temperature: Christchurch, New Zealand
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Normal Year [El Nifio Year

El Nifio events occur every two to seven years. There is a shift in the climate across the tropical
Pacific, which causes some areas to become cooler than usual dnd some areas to becormne warmer

Christchuireh; New Zealand's gir température is cooler than usual during ELNifio years. This means

energy during an El Nifio event. (circle one)

a. more
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Investigation Question

How does air get energy?

Key Vocabulary

Transfer: To move from one object to another or from one place to another.

Energy transfer happens when energy is moved from one object to another or one place to another.

Claims

How does air get.energy?

Claim I Energy is transferred from the sun Claim 2: Energy is transferred from the sun
to the air. to the surface, and then to the air.




Heating Experiment

Our class will conduct an experiment to determine how air gets energy. Below is a diagram of the setup of
the experiment. ‘

o represents:
energy from sun

represents
both land
and water

With a partner, think about the results you would expect to see if either of these claims were accurate.

Claim 1: Energy is transferred from the sun to the air.

e [f Claim 1 were true, would you expect the air temperature with no surface underneath to be
lower / the same) as the air above the rocks? : )

Claim 2: Energy is transferred from the sun to the surface, and then to the air.

e [£Claim 2 were true, would you expect the air temperature with no surface underneath to be (higher/
@ the same) as the air above the rocks?

Heating Experiment Data Table

Qbserve as the air temperature of Cup 1 and Cup 2 is measured. Record the temperature data in the table,

-Btarting air Final air _ Change in air
temperature (°C), temperature (°C) temperature (°C)
(before famp is (20 minutes after {final temperature .
turned on) lamp is turned on)’ minus starting
o | temperature)
bup i
{air above surface)
Cup 2
(air, o surface
underneath)




_ Gathering Evidence with the Sim

Gather more evidence about how air gets energy by complefing two tests in the Siemn. Review the
¢laims, and then follow the numbered steps.

Investigation Question: How does air gef energy?
Claim 1 Energy is transferred from the:sun to the air

Claim 2: Energy Is transferred from the suni to the surface, and then to the air.

1. Predict what will happen to the air temperature when you turn on energy from the sun, for (a)

SURFACE arid (b} NO SURFACE.
4. surface
| predict that the air ternperature will . after 1 minute. {check one)
increase
] decrease.

] staythe sarme

b. nosurface
| predict that the air femperature will . after 1 minute. (check one)
| [} increase
[} decrease

“stay the same

2. Open the Ocean, Atmosphere, and Clirate Sim. Go to Surface Test Mode.

a. surface

Observewhat happens to the air temperature for about 1 minute, Record the results.

The air temnperature . after’l minute, {check oneg)
increased '
7] decreased

[] stayed the same

b. nosurface

R-épeat the test, bélng sure that Friergy from the Sunis set tn the same level as the first test.

Record the results, The air ternperature

affer I minute. (chack one)

M increased

y'crea’séd
stayed the same
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Heating Experiment Reflection Questions

1) What happened in the experiment?

IAYNER 7Y W&a\\;m»é( Mo  ade  alsvie %\"&«m
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2) Do the results support Claim 1 or Claim 27 Explain why.

Dvpporks  tlesa 2. betruse \—Q— Cloin 2

Y Cotveed, Mo abe Wil e Surdace  Would
hor Meresse. Thee Vo whet e oboered.

3) What did you fearn from the experiment that might help you answer the question, How does air get
energy? ‘

Wt wo ‘Z-}wr?m.,@ Ko Crsray Q—mm

Soin LonY Ho 4~o He / ( 't Wk Wtrmge
"\@Mw&w\ Ov\u wih ,»WQM@ Con Mo adr @\@A.,,
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Revisiting the Claims with New Evidence

Circle the claim you think is best supported by evidence from the Sim and the heating experiment.

Claiml: Energy is transferred fromthe sun to the air.

laim 2; Energy is transferred from the sun to the surface, and then to‘t@

What ewdence supports the claim you chose?

%3}4 Vs tronslomved.  Som e Stan o
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Exit Ticket- Considering How Air Gets Energy

Read the statement and determine if you agree or disagree. Use evidence to support your answer.
The sun warms the air directly.

Do you agree or disagree with this statement? What evidence supports your ideas?
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Thik about how temperature and energy are related: @
O Mark a C on one location on the map you think is cold.
3 What rﬁus;f be true about energy in this location:
I Medium Energy / High Energy)

a Mark a W on one location on the map you think is warm.
O What must be true about energy in this location:

(Low energy

O Mark a H on two locations on the map you think are hot.

L What must be true about energy in these locations:

(Low energy / Medium Energy /figh Energy)

13



Ihvestigating Air Temperatures at Different Locations

Discussing Energy and Temperature Maps
Decide on one map for each parther to focuson, Think about the questions, and then taik to your
partner about what you notice. Note: Your teacher will project a color version of these maps.

1. What information does your map show?

2. How do the. maps go together fo provide evidence about the Investigation Question:
Whydo different focations have different air temperatures?

Incoming Energy from the Sun

= [east ahnrgy
et Jromthesun

Global Air Temperature

Degrees Celsius 292 -2k2 132 52 o 108 189 269 349
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Key Vocabulary

BO'N
BN

A0 N

Latitude: The distance of a place | **
north or south of Earth’s equator. o

Investigating Air Temperatures at Different Locations (continued from previous page)

3. Useevidence from the maps on the prefwcus page toanswer the !nvestlgatmn Questlon
Why do dffferent Iocations have different air temperatures?

+ Trytouse the following words i in your response; energy, temperature, and latitude.

Difleovh \ocatbre e Ablomd  ab- Yenperakives,
becanee He Wq\, “R'om e %éw\ !’MM b
_ARCede, The, W frons e %mﬁw =
_HNe larh‘"l'w\& - a locaken, T+ 1o coldor

sy ) Hhe Q&AM é@w@# }’&{ dve,, J%m

4. Using what you have learned from these maps, explain why the polar ice caps are found at the
north and south pole rather than at the equator.

Snee, Ho  wodk aw\)i S pole verede Yhe
et oo & Loy Ko Mo %m Yhe, 12
Where #ves M-e,« 4%4— The Db o lom!wh

S

]
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- Revisiting Your Predictions

ﬁ Return to your map predictions in today’s Do Now activity. Revise your map, and once you are
: satisfied, explain the changes you made.

*%ﬁ 'l vevee ol Do Now sechin.

it receives from the sun.

is affected by its ok
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Modeling What Determines a Location’s Air Temperature

Dot

Together as a class, we will open the Ocean, Atmosphere, and Climate Modeling Tool Activity: 1.4
Different Temperatures, and create a model.

Goal: Model why two locations {Equator and South Pole) have different air iemperatures.

~ Select a size for each arrow so it shows the amount of energy being transferred..

» When items are properly connected, choices for size or temperature Jevel will appear,

Explain how yotr mode!'shows why two locations (Equator and South Polay have different air
temperatures.

~ UsaEnergy Transfér arrows to show how energy fromthe sunistra nsferred to the air.

* Model the air temperature of both locations.

= Press the blue pencil to add information to'vour model,

Bk = Move. m@y o Sum o sunbae.

S Yole = Lecs erergy Dromn S v Surlice.,
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Sim- Determining Air Temperature at Three Locations

Use the Sim fo investigate energy from the sun and temperature at three locations.

Open the Ocean, Atmosphere, and Climate Sim. Go to Current Map mode, then select AR for
Temperatura View.
1. Placelocation Sensorsatland 2.

2. Record the level of energy transferred from the sun and the air temperature at both locations,
3. Reset the activity. Place a Location Sensor at 3.
4,

. Record the level of energy transferred from the sun and the air temperature at the third focation.

| Location number | Level of energy from the sun Air temperature (°C)
{low, middle, high)
1
2
3
Exit Ticket

How is the temperature of a location determined b}r energy from the sun and the location's distance
from the equator?

e Sun toaelrs He st diredt Sunl ek
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Whyis Ghrisfchumb, New Zealand's air fEmper_afure' cafffer thanusuaf during Ef Nifio years?

LY

Christchurch's air temperature is cooler thariisual during Ei Nifio years because . . . (check ong)

i Claim 1: The amount of incoming energy from the sunchanges.
[ Claim 2: Something about Earth’s surface (land.or water) changes,

M Clairn 3: Something about the;aip,chanﬁes.

Explain'why you think the clain you selected is the LEAST convincing cldim.

The  Swe mw Maﬂm@ e  Seume.

Review the question and three claims, and then choose the one claim you think is LEAST convincing.

mm ok Yo o \Q_%‘:}(’lfbh.

* Clatns, twd  Veasone Way, Vary™®

19



Write and Share Routine- Student 1

Location- Average airtemparature
Christchurch, New Zealand 11°C (51.8°F)
Makassar, Indonesia 275°C (BI°F)

of Christchurch?

Prompt: Why is the average air temperature of Makassar warmer than the average air tempgrature

Add an notations to the map that will help you respond to the prompt. Write an explanation, using the
evidence from the map and all these words: energy, temperature, Iatitude, fransfer.

Makostar V& warmer  becase - B lorakgd

WMQMPWMWW%&[W

ArSy A 6:9/

Som _equsder). Tha S Dropelus

&MMN do- He @W\-‘) Me@:m%

W@m ol

pwound  the, @gzmlvh

g %W 2\ peadions
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Write and Share Routine- Student 2

Location Average air temperature
Christchurch, New Zealand 119C (51.8°F)
Tokyo, Japan 15.5°C (60°F)

SN

602N

SN

Prompt: Why is the average air temperature of Tokyo warmer than the average air tempe rature of
Christchurch?

' Arid annotations to the map that will help yourespondio the prompt. Write arr expianatlon using the
‘evidence from the map and all these words: energy, temperature, latitude, transfer.

T@\@m Ve, o \ower  \adlhde . Thue
T@k\m v Closer ) % g v\{vm
Chvvsromrds,  More, gy By v MM«Q
Seom Yo Sum do He %mgm TN
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Write and Share Routine- Student 3

Location Average air tem perafnre
Christchurch, New Zealand 11°C (51.8°F)
Reykjavik, [celand 5.5°C (42°F)

Prompt: Why is the average air ’tEmperature of Reykiavik cooler than the average air temperature of
Christchurch?

Add annotations to the map that will help you respond tothe prompt: Write an explanation, using the
evidence from the map and all these words: energy, temperature, latitude, transfer,

Res Klavie Vs fueble  away Bowm Yhe
ﬁfwvlo\» Moo C,\mwb’rahuwwkgim‘\- has, a

22




Message From the New Zealand Farm Council...

Ny
Kiri Parata New Z@é’f@.ﬂd
To: Student Climatologists Fa:‘zr?m ngggl

Re: New Evidence

Now that you have learned more about what determines a location’s temperature,
you are ready to begin heiping us determine why Christchurch, New Zealand's

air temperature is cooler than usual in El Nifio years. | am sending evidence that
might help you with this investigation. '

Please review the evidence carefully, Remember, your research will help the
farmers be better prepared to protect their crops and livestock from temperature
changes in the future. '

Best regards,
Kiri

Kiri Parata, Director
New Zealand Farm Council

Evaluating Evidence- Interpreting Climate Data (Part 1)

Participate in a class discussion about this graph.

Average Air Temperature: Christchurch, New Zealand

12

12_.

Degrees Gelsius

Mormal Year Ei Nifio Year
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Evaluating Evidence- Annotating and Discussing Evidence (Part 2)

O

Use the first three questions to guide you as you read and annotate both graphs. When you are
finished, discuss your annotations and question 4 with your group.

1. What does each graph show?
2. What questions do you have about the information in the graphs?

3. Howis the evidence connected to what you have been learning about climate, temperature,
and energy?

Energy from the Sun at Christchurch, New Zealand

More
F 3 —

Energy per Unit Area
¥

¥ =
Less

 Normal Year EINifoYear

Average Ocean Surface Temperature Near Christchurch, New Zealand
15

13

Degrees Calsius

Normal Year Ef Nifve Year
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4. Do the graphs support or go against the following claims about Christchurch during EI Nifio years?
Christchurch’s air temperature is cooler than usual during El Nifio yedrs because . . .

Claim 1: The amount of incoming energy from the.sun changes.

Claim 2: Something about Earth’s surface (Jand or water) changes.

Claim 3: Something about the air changes.

C{m’m. 1. — Qrwwhae do el ‘i‘?&@m@rﬁ%
Llotwn 2.~ Owghe  Suppont:
Clawm % — m@%@@«a Zugpoct

Exit Ticket- Self Assessment

Scientists mvest:gate in order to fig igure things out, Are you getting closer to figuring oui why the air
ternperature in Christchurch is coolerin El Nifio years?

1. lunderstand how energy is transferred tothe air of Christchurch, New Zealand. (checkone)

Clyes __
[ not yet %ﬁxﬂ\’}\‘ﬁ %aﬁi \onow OS(
Explain your answer choice. )(\(\‘}&@.7 \7\{ | M . “”_&,,,

- %%% @)ﬁ‘f?ﬂmﬁ?ﬂbh% will ary*

Sun Vi (WM\ = curlie —= ‘ouy

2. lundetstand what happens to the amournt of anergy in the air of Christchurch in EL Nifto yeafs
{check ong)

[ yes | W Mk% M
[ notyet | \L:\nm X\e\\@’” \?\g
- Explain your aniswer choice, %&?

X Shuderde- _@W(GVWM%_ Mtt-‘-l Vi HE
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3. luriderstand how Christehurch's distance from the equator affectﬁ its air temperature.
{check one) Q ) wfé@ @ﬂ auk l{x\ow
i o & Crogd

[[] notyet \’f

Explain your answer choice.

Te  Luher ity Lrown He €2 w0 lezashén

2, e \ese A ( %@mv) 1% w%mm@ewe&

404‘1@5& \otasons W»Q;me,, Wik Yhen rane Cove 4o

Mo Al

4. lunderstand why the ocean near Christchurch Is a different temperature than we'd expect forits
latiude (distance from the equator). (check oneg)

Oyes Oiudocks Wil Know
[] not yet _\{,\ ;}% mk” Y @V\A
Explain your answer choice, , CW» 2— :

& S, oy o Wy*

5. 1understand why the ocean temperature near Christchurch changes in El Nifio years and how

it affects the air temperature there. (check one) |\ \
T yes Cdrdenc® W lonew

[ notyst O M Mo w @Qf

Chagtr &

*A&w_@w tanld \/m/v*“ -

6. What do you stilt wonder about B} Nifio and alr temperature?
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