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The atmosphere is a thin layer of gases that surrounds the Earth. It 
is not only what makes weather and climate possible, but also what 
makes the very life possible on our planet. Central to the 
atmosphere’s important role is water. In this module, we will cover 
the basics of atmospheric phenomena, paying special attention to 
the role of water in moderating climates. Specifically, we will 
overview the following:

Fundamentals of atmosphere
Weather
Climate
Influence of water on climate

Disclaimer: The contents of this presentation include original content as well as items compiled from a 
variety of sources. Though the sources are not attributed individually, they are not claimed as own and 
remain the copyright of respective owners. This presentation has been developed for educational and 
awareness use only and is under no circumstances to be used for commercial activities.
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The Atmosphere3

The outside layer of the Earth is gaseous, 
and it greatly differs from solid and 
liquid layers beneath. This gaseous layer 
is the atmosphere and it is what makes 
life as we know it possible on Earth. It 
buffers the Earth’s surface from the cold 
vacuum of space.
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The Atmosphere3
WHAT IS THE ATMOSPHERE?

ACTIVITY:
Why is atmosphere important?

Let’s together come up with ways that the atmosphere affects our planet 
and influences life on Earth. 
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The Atmosphere3
WHAT IS THE ATMOSPHERE?

The atmosphere is a mixture of gasses that are the lightest substances on Earth and 
have therefore “floated” to the top. It acts as the: 

Medium in which we live -- the air contains the oxygen we breathe.

Shield that protects us -- the atmosphere blocks us from harmful radiation and 
meteors.

Things falling from outer space burn up... ...not so on the Moon.
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The Atmosphere3
WHAT IS IN THE ATMOSPHERE?

The atmosphere is 
an uneven mix of 
gasses. 99% of it are 
N and O, the rest 
are trace gasses.

Ingredient Volume in %

Nitrogen 78

Oxygen 21

Argon 0.9

Carbon dioxide 0.035

Ozone 0.000006

In addition, atmosphere holds water vapor, which gives air its humidity and greatly 
affects climate and allows growth of plants. There are also small particles such as 
dust, sand, volcanic ash, pollen of plants, and even tiny invertebrates.

Thursday, May 16, 2013



W
 A

 T E
 R 

  F 
O

 R 
  L I

 F E
FUNDAMENTALS

The Atmosphere3
HOW WIDE IS THE ATMOSPHERE?

With height 
from the land 
surface, the 
atmosphere 
gets less and 
less dense. 
There is fewer 
and fewer 
oxygen in it 
and the 
temperature is 
cooler and 
cooler. In 
general, the 
temperature 
drops 6 
degrees Celsius 
per every km 
of height. 

Height
[m]

Temp.
[oC]

Press.
[atm]

15000 -56 0.12

5000 -17 0.54

1000 8.5 0.89

0 20 1
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The Atmosphere3

ACTIVITY:
What is the difference between

weather and climate?

It’s a sweltering midsummer day. “It must be global warming,” mutters 
someone. But is it the Earth’s changing climate that has made the day so 
warm? Or, is it just the weather that is so unbearable?
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The Atmosphere3

Weather is the mix of events that happen each day in our atmosphere including 
temperature, rainfall and humidity. Weather is not the same everywhere. Perhaps it 
is hot, dry and sunny today where you live, but in other parts of the world it is 
cloudy, raining or even snowing. Everyday, weather events are recorded and 
predicted by meteorologists worldwide.

The photo shows a rainy day...
Is this on a tropical island?
In a rainforest?
Or in a cold northern place?
Or in a very dry desert?
It could be any of those places.
We can’t tell!!

Weather is an instant situation,
it tells us nothing about long term 
conditions.
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The Atmosphere3
HOW IS WEATHER OBSERVED AND STUDIED?

The science that studies weather is called meteorology. This science deals with 
short-term changes in atmospheric conditions. They are tracked using weather 
stations that contain various instruments. The central purpose of meteorology is to 
predict what the weather will be like in the next 24 hours or several days. These 
predictions are called weather forecasts.
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The Atmosphere3
WHAT TYPES OF WEATHER ARE THERE?

SUNNY CLOUDY

PARTLY CLOUDY RAINY

WINDY RAINBOW

STORM TYPHOON

Weather varies day by day. In any given place, the weather situation can be different 
each day, even each hour or minute. Each year, your place may experience windy 
days, rainy days, sunny days, even storms and typhoons. But, if you live on a tropical 
Pacific island, your weather is highly unlikely to include snow. Why is that?
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The Atmosphere3
WHAT IS THE WEATHER LIKE TODAY?

This is the weather 
predicted on May 
8th, for Chuuk, 
Micronesia. Today is 
May 14th. Was the 
prediction correct?

It seems that the 
whole week is 
cloudy and stormy. 
Does that mean that 
Chuuk is always 
cloudy and stormy?
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The Atmosphere3

Climate is the average weather in a place over many years. It is defined by 
observations of weather over long periods of time. While the weather can change 
in just a few hours, the climate (which are long term average weather conditions 
in a given place), takes hundreds, thousands, even millions of years to change. 

The difference between climate and weather is usefully summarized by the 
popular phrase:

"Climate is what you expect, 
weather is what you get.”
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The Atmosphere3

This chart shows the rainfall in Guam -- but not today, not on any particular day. It is the 
monthly average total of many years. It tells us how much rain does Guam usually get each 
month. 

From the chart, we can see that December through June gets significantly less rain than July 
through November. This seasonality is one important aspect of Guam’s climate.

HOW DO WE EXPRESS CLIMATE CONDITIONS? 
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The Atmosphere3
WHAT DETERMINES CLIMATE OF A PLACE?

DISCUSSION:
What is the reason our islands 
have humid tropical climate?

Climate in your place on the globe controls the weather where you live. 
The climate of our tropical island is quite different from the climate of 
Canada, for example. But why is this? Let’s mention a few places that 
participants in the workshop have been to and compare their climates. 
Let’s try to identify factors that are responsible for those climates being 
different.
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The Atmosphere3
WHAT DETERMINES CLIMATE OF A PLACE?

Climate is primarily 
determined by latitude. 
The farther away a 
place is from the 
Equator, the lower the 
angle at which sun’s 
rays fall and thus there 
is less heat absorbed. 
The second most 
important factor is 
elevation. The higher 
the place above sea 
level, the lower the 
temperature. Other 
factors that influence 
climate of a place are 
distance to the ocean, 
type of relief and 
vegetation, etc.
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WHAT ARE THE WORLD’S MAJOR CLIMATE ZONES?
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The Atmosphere3
WHAT ARE ELEMENTS OF CLIMATE?

TEMPERATURE - amount of heat in the air, expressed in degrees, measured by thermometer 

AIR HUMIDITY - amount of water vapor in the air, expressed in percent, measured by higrometer 

AIR PRESSURE - weight of air above some area, expressed in bars, measured using a barometer 

WIND SPEED - speed at which a mass of air moves, expressed in mph, measured by anemometer 

WIND DIRECTION - compass direction from which wind blows, measured by wind compass 

RAINFALL - amount of rain that falls in a given period, expressed in inches, measured by rain gage

INSOLATION - amount of sun’s radiation, expressed in energy/area/time, measured by pyranometer

NUMBER OF SUNNY DAYS PER YEAR - number of days without much cloud cover, counted
etc...

There are many parameters that define climate of a given place. They are 
interconnected and together produce the “feel” of a particular place. For example, 
the climate of Chuuk differs from the climate of Tokyo in many measurable 
parameters. These parameters can be thought of as elements that describe climate. 
Some of the key elements of climate are:
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The Atmosphere3
WHAT ARE ELEMENTS OF CLIMATE?

ACTIVITY:
What is the climate like in your island?

The following slide contains climate charts of 4 different places: Koror, 
Majuro, Tokyo, and New York City. Can you guess which is which based 
on your experience of your home islands and impressions of other 
places’ climates?
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WHAT ARE ELEMENTS OF CLIMATE?

Koror, Majuro, Sydney, and New York City. Which is which?
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WHAT ARE ELEMENTS OF CLIMATE?

Koror, Majuro, Sydney, and New York City. Which is which?

Majuro Koror

NYC Sydney

Thursday, May 16, 2013
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WHAT ARE ELEMENTS OF CLIMATE?

Koror, Majuro, Sydney, and New York City. Which is which?

Thursday, May 16, 2013



W
 A

 T E
 R 

  F 
O

 R 
  L I

 F E
CLIMATE

The Atmosphere3
WHAT ARE ELEMENTS OF CLIMATE?

Koror, Majuro, Sydney, and New York City. Which is which?

Majuro

Koror

NYC

Sydney
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WHAT ARE DROUGHTS?

Drought is an extended period during which a region notes a deficiency in its water 
supply, whether surface or underground water. Generally, this occurs when a region 
receives consistently below average precipitation. Droughts can have disastrous effects 
on ecosystem, agriculture/food supply, and economy of the affected region.

The Marshall Islands are currently experiencing a severe drought.

Long-term average
2013 
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The Atmosphere3

Please remember, from Module 1, that compared to nearly every other known 
compound, water has very unusual thermal characteristics. This has a huge impact 
on our planet, climate, and the living world.

We will now see that these unique thermal characteristics of water affect climate and: 
moderates temperature: prevent huge swings between night/day & summer/ winter
convey heat: permit movement of heat from tropical to polar regions, and 
power air and ocean circulation: provide mechanism for storms, waves, and currents

Thursday, May 16, 2013
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The Atmosphere3
HOW DOES WATER
MODERATE TEMPERATURE?

The special thermal properties of water 
have a huge impact on Earth’s climate. As 
solar radiation comes to Earth as heat, 
much of that energy is absorbed by water. 
As a result, water warms up, but not much. 
Because of its high heat capacity, a large 
quantity of heat can be absorbed without a 
huge rise in temperature. This is not the 
case on land!

The presence of water stabilizes the 
planet’s temperature. The high heat 
capacity of water filling the oceans 
makes the changes in its temperature 
more slow and of smaller ranges than 
that of rocks.

Extreme temperatures on land: 
+50oC - Sahara
-90oC - Antarctica

Extreme temperatures at ocean surface:
-2oC - sea ice
+32oC - equator

140oC range

34oC range

The tendency of a substance to resist 
change in temperature with gain or loss of 
heat energy is called thermal inertia. Water 
has high thermal inertia.
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HOW DOES WATER AFFECT CLIMATE?

The Atmosphere3
HOW DOES WATER
MODERATE TEMPERATURE?

wind

Air over surfaces with high heat capacity will warm slower in summer and cool slower in 
winter, when compared to air over surfaces with low heat capacity.
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The Atmosphere3
HOW DOES WATER
COOL OFF THE EARTH?

Each year ~1m of water evaporates from the surface of the ocean. This 
means that a huge quantity of solar energy needed to evaporate the 
water is taken away from the ocean by escaping water. 
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The Atmosphere3
HOW DOES WATER
PREVENT TEMP. SWINGS?

Each year, an area of 25 million km2 (5 in north, 20 in 
south hemisphere) freezes in the winter and thaws in 
summer. 

During winter, heat is removing from freezing cold water 
but it doesn’t produce a sensible change. Why? Because 
ice that freezes releases 80 calories per gram into the 
environment. Temperature cannot drop until all water has 
been converted to ice.

In summer time, incoming solar heat melts the ice, but 
the process absorbs heat and prevents temperature rise.

In winter time, as water freezes, the process releases 
heat and prevents temperature drop.

In other words, heat absorbed by ice during hot summers 
is released during winters. Annual freezing and thawing of 
ice has a huge moderating effect on Earth’s temperature.

February (end of summer)

September (end of winter)

Thursday, May 16, 2013



W
 A

 T E
 R 

  F 
O

 R 
  L I

 F E
HOW DOES WATER AFFECT CLIMATE?

The Atmosphere3
HOW DOES WATER
MOVE HEAT ABOUT?

If the tropics always have a heat surplus and polar regions a heat deficiency, 
why didn’t the polar regions freeze completely and the tropic ocean boil over 
yet? Because there are convection currents in the ocean and atmosphere and 
they spread the heat throughout the world. This movement of water from Tropics 
to Poles and vice versa moderates Earth’s temperature.

Warm ocean 
currents carry 
warm waters from 
tropical regions to 
the polar places 
while others carry 
cold waters below 
the surface in the 
opposite direction. 

Example: the warm 
Gulf Stream carries 
550 trillion calories 
per second to the 
NW shores of 
Europe, making the 
winter in that part 
of Europe less 
harsh. The cold 
Labrador current 
brings cold water 
to the shores of 
central western 
Atlantic. 

Thursday, May 16, 2013



W
 A

 T E
 R 

  F 
O

 R 
  L I

 F E
HOW DOES WATER AFFECT CLIMATE?

The Atmosphere3
HOW DOES WATER
MOVE HEAT ABOUT?

Energy removed as heat 
from areas where water 
evaporates is carried by 
water vapor in the 
atmosphere. Air currents 
move this vapor, with its 
heat content, to other 
locations

The heat is later given back 
during condensation (as 
cloud formation and rain). 
It is released as latent heat 
of evaporation when vapor 
condenses back to liquid. 
That is the energy that 
powers storms, winds, 
currents, waves, etc.)

Example: areas of the ocean are cooled by 
evaporation today, and the resulting water vapor 
may end warming other places when it condenses 
and rains over them.
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KEY POINTS

★ Life on Earth is possible thanks to atmosphere. It contains the gasses needed by 
living things and protects us from radiation and meteors.

★ Weather are instantaneous conditions of climatic elements in a given place.

★ Climate are long term average  conditions of climatic elements in a given place.

★ The presence of water on our planet moderates our global climate and prevents 
rapid and extreme changes in temperature.  

★ Water in the ocean and in atmosphere moves heat about the planet and “averages” 
out conditions across the globe.

★ Water’s ability to greatly affect the climate of our planet is thanks to its extremely 
high specific heat and resistance to temperature change.
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