Let's Read |

H Interaction Between the Ocean and the Atmosphere (El Nifo)

Atmospheric Circulation

Hadley cell

The general circulation of atmosphere moves because the rotation of the earth and the
differential heating at the surface of the earth. This general circulation of atmosphere helps
transport heat from the equator to the poles. Air does
not circulate in a single cell from the equator to the D

|atent heat
poles but circulates in each hemisphere in three ﬁ
circulation cells. The circulation cell nearest the equator Kf/
is called the Hadley cell, as shown in Figure 1. The Warm moist air
warm air rises at the equator producing thunderclouds 30°s Equator 30°N
and releasing large amounts of latent heat. This latent
heat produces strong rising currents. Figure 1. Hadley cell

Trade Winds and Prevailing Westerlies

There are three basic zones, or wind systems, in each IE_O'a,LCf!
hemisphere, as shown in Figure 2. This rising current 60" il 7.

creates a band of low pressure at the equator, and then

5. O X\
Westerli(gs/li> N %‘rsl cell
rises to the troposphere, eventually spreading -

- %\7’ -
J (;‘5“”)

30°

. . . . i v
horizontally near the subtropics (30 degree latitude) (4 Tradsbun ds" gh/ \\ H\é eyl
where they again sink and a high-pressure zone forms » - |1

. . . . . . 0° Kt Fe L quator sl
with clear skies and little precipitation. Therefore, o LK ,\\]v*
many of the world's deserts are located at these ﬁ?}“ 2 N /Hadley cell
high-pressure zones. SN > & 5

Some of the air that sinks to the surface at a 30 60° r;\g/fe"e“e”

degree latitude returns to the equator, traveling close to Polar cell
the surface of the Earth as northeasterly trade winds
(in the Northern Hemisphere) .

The rest of the air sinks to a 30 degree latitude and continues traveling northwards to reach a

Figure 2. General circulation of atmosphere

new cell known as the Ferrel Cell. This cell produces prevailing westerlies at the surface
between a latitude of 30 to 60 degrees.
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El Niflo

What is El Nifio?
El Nifio is a climate pattern (weather pattern) at the Pacific Ocean which lead to extreme
weather around the world. El Nifio was first observed by Western scientists as unusual ocean

warming along the coasts of Peru and Ecuador in South America.

El Nifio events occur around every two to seven years, and begins when the easterly trade

winds become weaker and in some cases blows in the opposite direction.

Causes of El Nino

When the trade winds become weaker, pacific warm

Normal

. = ﬁ) = =
surface water starts moving towards the coasts of Peru, Rp Ry

thickening the layer of warm surface water, as shown in
Figure 3. This shift of warm water masses causes a shift
in the heavy rain zone from the western Pacific to the

the coasts|
of Peru

central Pacific.

Heavy rain releases a lot of latent heat into the middle &i nifio

and upper troposphere. This heat drives the change in
global atmospheric circulation, which in turn affects the

weather and climate patterns all over the globe.
When El Nino events occur, it can be said that cool
summers and warm winters tend to occur in Japan.

Figure 3. The equator-wide atmospheric
circulation

Understanding Main Concepts

1.

One of a vertical looping pattern of airflow is known as
a. the trade winds. b. the prevailing westerlies.
c. North Pacific Current. d. the Hadley cell.

What is El Nifio?
a. a warm wind b. a cold wind c. a warm ocean current d. a cool ocean current

El Nifo develops because of a weakening of what?
a. the trade winds b. the prevailing westerlies c. the jet stream d. the Sun's activity

Why are many of the world's deserts located around 30 degrees north and south latitude?
a. Because the air rises forming high presser which brings dry fine weather.

b. Because the air rises releasing latent heat which brings high temperature on this area.
c. Because the air sinks forming low pressure which brings dry fine weather.

d. Because the air sinks forming high pressure which brings dry fine weather.
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[Vocabulary]

A3

circulation noun |fHER the movement of liquid, air etc in a system

atmosphere noun | K5 the mixture of gases that surrounds a planet

general circulation [noun | K5 D KPEER

of atmosphere

transport verb |Hiikd % to take something from one place to another

equator noun |7RiE an imaginary line drawn around the middle of the
Earth that is exactly the same distance from the North
Pole and the South Pole

pole noun | the most northern or most southern point on a planet

cell noun |AHfE, X

hemisphere noun | (MiEkd) *f2Ek a half of the earth

circulation cell noun |fEER I

Hadley cell noun |/~ R L —7fER

thundercloud noun |FHELE thunderstorm 7 L V5 [

a large amount of KED

latent heat noun |JEEL energy absorbed or released by a substance during a
change in its physical state that occurs without
changing its temperature

current noun |4V, K. VR

low pressure noun [{K&E

troposphere noun | % it & the lowest region of the atmosphere

subtropics noun | #f B

latitude noun | the angular distance of a place north or south of the

longitude #% & equator

high-pressure zone [noun | & EFF low-pressure zone {5 £

precipitation noun |PE/KE the amount of rain, snow etc that falls

northeasterly trade noun |dtHE 5} a tropical wind that blows towards the equator from

winds either the northeast or the southeast

Ferrel Cell noun |7 = L/LAGER

prevailing noun | {f V8 & the winds in the middle latitudes between 30 and 60

westerlies degrees latitude.

El Nifio noun |T/)L=—=g

Pacific Ocean noun | XA

extreme weather noun |RHKG

event noun |HIKF, FH

shift verb |2k 5

release verb BT 5. BT 5

tend to (D) MEHm»H %

7%

water vapor noun |/K7Z&5 the gaseous phase of water

coincide verb |—9 5% to be the same or very similar

surge verb |fIHAH D

upwell verb [VEH- 5. & H

)
deep ocean noun | R in the deeper parts of the sea
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H El Nino Words learned through English Science

English Science

ent? ) )
;)P(%é' Design a Science Approach

@ LEHE R T DO DORFENTFIED 1 212, M ZRFET 5 72 O 2] 72 F25h, %2,
TEEEZTI L), [FEFAESLD Y Ialb—vard2f7952 8] B ET, KH
OEMBERIET 272011, TEHALNCT L7201, ME Lo (T500) 1, i

Scientific Approach

Make an Observation Do Background
Think why?, how? Research

— EMERE L), (Tl MoBfRICER L], TEDO L DI T, EROFERA D FATHE
ThEINETFAL LT DI ENEECTT, TOWEROERBERIET 572 HI24T 5 ORE
= BT
EBRAEAT ORI, [P OMEEZEZ TOL OO ERETNET, ZOLEZ LD
Approach LEEREOVET,
Test with an - ¥ITEH (independent variable) : Bf%eE I k> TEZAMD = LT, EraBith
Mgl
= - it BZ % (dependent variable) : EBIC K-> TEDBIED Z LT, LN EHE
= FEBRAEIT 910N 2o TE, U S L TERERET DLERH D £33, RS

RIS 52 HIOBE b EET 5 LERDH 0 £,

- 2 ER (influence factor) : ST BN OB LRI B L 5 2 2 hDER
CCTR, HEM7IO—F2THA0THL (EHO®EE) (CHEBLT. ETL
HEREITVWELLS,

It's Your Turn -Activities with TA-
I
vset _¢10
S
9 g,

[Role play]

influence / affect : &% 5% 5

A: How does deforestation affect the earth? deforestation the Moon  El Nifio
How does carbon dioxide affect the earth?
How does the Moon affect the earth?
How does El Nifio affect the earth? coz @ ?

B: Deforestation affects biodiversity.

Carbon dioxide affects global warming. .
The Moon affects the tides. warming patterns

El Nifo affects climate patterns.

biodiversity global the tides climate
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. Initial Observation & Information Gathering
Observation 1
Let's observe various extreme weather. Name each locations shown in the pictures below and

choose the letter of the locations from the map.
location map location map location map

( : ) ( : ) ( : )

“' PEXELS

Forest fire along with drought Cherry blossom a month earlier First deep freeze in 60 years

R F e, \Pogel o hrse o
B, M - s A )

[location] g e
Tiananmen 3.t g
Vancouver . o

g
Borneo T, =
Peru

e

Interpreting Graphics 1
The graph below shows the monthly average sea-surface temperature. Use the graph to answer
the questions that follows.

[TAs Question] [Your Answer]
Ql. — reply
Jan. 1999
Q2. — reply
Jan. 1998
Q3. — reply

JAXA  HUER@LRIZEL > % —.  hitps://www.eorc jaxa,jp/ TRMM/museunv/poster/3A25_SST/index_j.htm

(accessed 2019-06-26)

Q4.
— reply
5 = repl trade winds %5 &
@ b Westerlies 1 76 /&
Q6. — reply

During El Nifio
the sea-surface

warm along
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Exercise 1

Describe what El Nifio is and how often it occurs. Fill in the spaces.

El Nino is a climate pattern representing an unusual warming of the eastern tropical Pacific Ocean,

from

to , on average, every three to

seven years.

n Construct a Hypothesis

Activity 1

Now you wrote a research question for the initial question about EI Nifio. What is the answer you

expect?

Further big question
Initial Question
What is known

What is not known
Aim of your research :

Research question

Why does various extreme weather occur around the world during El Nifio?
What is the cause of El Nifio?

1. Trade winds are blowing along the equatorial sea-surface. i
0 Surface layer /

2. The western tropical Pacific Ocean is warmer than the
eastern tropical Pacific Ocean during normal condition.

3. The eastern tropical Pacific Ocean becomes warm during El
Nifo. Deep water layer

4. Variations in ocean water temperatures. -

The cause of the change of the sea surface temperature in the “

eastern tropical Pacific ocean.

_—Thermoclin,
1000 — EIMOCTNe

2000 ‘

Depth (m)

To clarify the relationship between the change of the sea surface temperature and
the trade winds.
Does the strength of the trade winds change the temperature of the surface

water of the Pacific Ocean?

The answer | will expect (Construct a Hypothesis):

E Design a Science Approach -Independent variable & Dependent variable-

If you construct a hypothesis, the next step is to test the hypothesis through an experiment. In this section,
let's try to design model experiment to test our hypothesis.

Activity 2
Fill in brackets.

Step 1 What is the Independent variable and the Dependent variable in this case?
Independent variable

Dependent variable

Step 2 Design an experiment to test this hypothesis. Be specific.

Strategy : Model experiment

Material : Container
20 °C Blue color water
40 °C Red color water
Hair dryer
Independent variable :

Dependent variable :

( )

( Surface Water ! Deep Water ,

( Surface Water / Deep Water )

( Trade Winds / Westerlies )

( )

( )

NI

* Consider how the temperature of surface water changes according to the strength of
the blow of hair dryer.
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Prediction: | The air from the hair dryer push surface warm water to the

When the air from the hair dryer weakens, red color water from the west
surges

. Experiment & Results

B Constructing Charts
Activity 3
Let's try a model experiment! Draw the experimental results.

A Dryer : None B Dryer: 5 cm from E C Dryer : 30 cm from E
<= <= < G <G
W E AW E AW E
start Normal condition El Nifio

Figure 1. Relationship between strength of the air from the hair dryer and distribution of red color water
B Describing Events
Activity 4

Describe the experimental results and fill the spaces.

1. When the dryer was put 5 cm from E,

around point W : the thickness of color water became as much as before
(Figure 1. B),
around point E : color water moved up and the color of surface water changed to

(Figure 1. B).
2. When the dryer was put 30 cm from E,
color water around point W moved back to point E and the thickness of red color water became
almost as point W (Figure 1. C) ..

. Discussion

B Interpreting Results -Critical Thinking-
Exercise 2

Interpret and explain the results in the context of your hypothesis. Write down the appropriate
words to complete the brackets.

Distribution of color water of Figure 1. B and C correspond to the real distribution of the sea surface
temperature during normal condition and El Nifio respectively.

The result of Figure 1. B shows that the western tropical Pacific Ocean becomes warmer than the eastern
tropical Pacific Ocean during normal condition because push surface warm

water to the from the coasts of Peru and around there upwells in order to
cover the shortage of the surface water.

The result of Figure 1. C shows that the eastern tropical Pacific Ocean becomes warm during El Nifio
because surface warm water from the west surges when weaken.
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B Drawing Conclusions
From our model experiment, it has been demonstrated that the strength of the trade winds change the sea
surface temperature of the eastern tropical Pacific Ocean.

B Future directions

In addition, the finding of this model experiment provides additional information that the change of the
sea surface temperature changes where the rising current of air is formed; this leads to the change of
equator-wide precipitation, because warm air contains a lot of water vapor. The change of this rising current
leads to the vertical circulation of atmosphere. Further studies should investigate the relationship between the
change of the sea surface temperature and the precipitation in order to clarify the relationship between El
Nifio and extreme weather.

. Extensions -The Relationship between El Nifio and various extreme weather-

® Organizing Data
Exercise 3
Why does EI Nifio relate to forest fires? What data will help your discussion? (e.g., Population
map, Forest map or Precipitation map)

B Interpreting Graphs C

Exercise 4
Use the given graph to answer the questions that follows.
1. Where is the heavy precipitation area?

= In the normal conditions: ( )
In the El Nifio conditions: ( )
2. Give the reason for the above.
= The reason is that the sea-surface temperature of the heavy precipitation area is ( ).

B Making Predictions —Critical Thinking-

Exercise 5
Discuss in groups and write down the appropriate words to complete the blanks.
1. Why does El Nifio relate to forest fires?

When El Nifio events occur, the area of the warm water is changed from

to . This leads to the change of the area where
the rising current of air formed. This Changing of the equator-wide atmospheric circulation leads
to the decrease of the of the island Borneo.

2. Why does El Nifio influence extreme weather around the globe?

El Nino = Changes the equator-wide atmospheric circulation
-
= Changes subtropical atmospheric circulation by ( )

< =

= Extreme weather around the globe

e.g.,Japan = Summer: (  Cold / Warm, Heavy rainfall / Dry )
Winter: (  Cold / Warm )
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%

saes

wrtg"@g' e D& E (Hypothesis Construction) Tff 5 HiERIT

1 BRTYA U EHETHIRE
Our hypothesis is that (if) ..., ... will ... ., We measured ... using a ..., We controlled [ dependent variable]
so as not to influence the result of this experiment., The general procedure is as follows: First, Then,

2 EROBMZHRATIRR
Example 1: In order to / To + test / clarify / measure / investigate + the effect / influence of [ independent

Example 2: In order to / To + test / measure / examine / investigate + whether [ independent variable]
affected / influenced [dependent variable], this study tested ...

Exercise 1

Use the underlined phrases above, explain the model experiment of E| Nifio to a partner of your
group. Then write down the sentences.

the strength of the trade winds change, the temperature of the surface
water change. In order to clarify the influence of on

, we planned to conduct a model experiment.

Home Work Using the form below, design an experiment to test your hypothesis.

Name Class

Research question and/or hypothesis (f#t)

Design of a science approach
Variables Methods

-Independent (hltz7Z5%%) -What kind of data/information should you collect?

(ENT2T =5« [HERPLED)
-Dependent (t/m4%0)

-How will it be analyzed? (o & 5 124+ 57
-Controlled (#0124

Materials (%%t 0) -How long will the experiment take? (HF7EH1/)
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Exercise 1
You are going to explain about El Nifio by using the slide and the script below. Choose the most
suitable sentence to fill the blank from the following (D ~@.

What is El Nifio?

[1999.Jan] Monthly average sea-surface temperature S Cr 1 p t
\ ormal COnditi; s " + This diagram shows monthly average sea-surface
R . : e temperatures.

: - El Nifio is a phenomenon,

SsTindox

@ the sea-surface becomes cold along the coasts of Peru all the way to the central Pacific Ocean.

@ the sea-surface becomes cold along the coasts of Indonesia all the way to the central Pacific
Ocean.

@ the sea-surface becomes warm along the coasts of Peru all the way to the central Pacific
Ocean.

@ the sea-surface becomes warm along the coasts of Indonesia all the way to the central Pacific
Ocean.

Exercise 2
Let's try to give a presentation using the following slide in order to explain your research question.

Model Experiment

Dependent variable: Independent variable:
warm water Strength of the trade winds
(40°C Red color water) (blow of hair dryer)

Prediction: Trade winds push surface warm water to the west. When the trade winds

weaken, warm water from the west surges eastward.

BEA
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[Presentation Exercise] Let's try to have a presentation using the following slides and script.

Introduction

Interaction between the ocean
and the atmosphere
(El Nifo )

Body 1

What is El Nifio?

[1999.Jan] Monthly average sea-surface temperature

f W"’“ [
\ rmal Conditions " . »‘

N

I
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
- o

[1998.Jan]
il =T 2" v S—

Effect of El Nifio?

Normal conditions El Niflo conditions

thunderstorms thunderstorms

Normal conditions
ChAEEBORETS
strong trade winds
[ === = ]

El Nifio conditions
HELZOREBNEAE S
weak trade winds

(R) (&)

eovewy yinos fo)

eisauopu| fE]

[
o

z
3
2
s
8

the coasts
of Peru

the eastern coast
of Indonesia

shift
Change the global atmospheric circulation

Conclusion & Reference

Conclusion & Reference

El Nifio Events
-
Change the equator-wide atmospheric circulation
- =
Changes subtropical atmospheric circulation
@ effect climate
Extreme weather around the globe

B SR G %

Cherry blossom a month earlier, First Deep Freeze in 60 years,
Tiananmen

Forest Fires along with Drought
Borneo

* My name is ...
* I'm going to talk about ....

+ Do you know about El Nifio?

+ This diagram shows monthly average
sea-surface temperatures.

- EI Nifio is a phenomenon, the sea-surface
becomes warm along the coasts of Peru all the
way to the central Pacific Ocean.

- When EI Nifio events occur, an area of
thunderstorms shift from the eastern coast of
Indonesia to the coasts of Peru.

- This shift changes the global atmospheric
circulation, which affects climate patterns all over
the globe.

+ In this way, El Nifio is a good example of the
interaction between the ocean and the
atmosphere, and how these interactions effect
climate.

» Thank you for listening.
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Research Plan

Name | Class

Background research
-What you want to investigate (fi# L=\ 2y, RIEEIZ{TH)

-What is known (4o, bhoTD 2 LX)

-What is not known/Current status of issues/Why is it important? (bhoTniRns &, o
Bk, 2R OB

-ldeas to solve the question (fiiz Lizbfigkca 290, REERVEZ LT AT 47)

Aim of research (zoa®)

)

Research question and/or hypothesis (#5t)

Design of a science approach

Variables Methods
-Independent (m~rz%0) -What kind of data/information should you collect?
(EATeT =4 « [FERBIVED)

-Dependent (e@mz%0)
—-How will it be analyzed? (¥o» X524t 9 20

-Controlled Gz

Materials (372 4,0) -How long will the experiment take? (#Fzeiyi)

-Costs (78)

Figure (Rough diagram of the experiment) (%Bo#%: )

Prediction (Expected answer) (7S 2#5)
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