Joint Polar Satellite System
Exploring the Atmosphere!



Question 1: How many satellites are
in the Joint Polar Satellite System?

Answer: 2

Joint Polar

Satellite System
(JPSS)
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The answer is 2.

The Joint Polar Satellite System is a pair of Earth observing satellites, Suomi NPP and NOAA-20. Our two satellites help scientists forecast weather and severe weather events such as hurricanes, tornadoes, and blizzards days in advance and can watch environmental hazards such as droughts, forest fires, poor air quality and much more. 

But in order to monitor the entire Earth, JPSS uses what is called a polar orbit.



Polar Orbits

Orbiting 512 miles above the Earth

NOAA-20

Each satellite orbits
the Poles 14 times a
day, covering the

entire Earth twice in Suomi-NPP
one day. Travelling at 17,000 miles per hour

Suomi-NPP
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In a polar orbit, a satellite circles the Earth by passing above the North and South Poles as the Earth spins underneath. Suomi-NPP and NOAA-20 orbit at approximately 512 miles above the Earth’s surface, at approximately 17,000 miles per hour. At this speed each satellite can observe the entire Earth twice in one day. 

During orbit, JPSS can measure what the atmosphere is made of and how it affects the weather.


What is the Atmosphere?

Question 2: How does a spacesuit
help an astronaut survive in space?
Hint: There are multiple answers.

Answer: A spacesuit provides an
astronaut with:

e Airto breathe
* Air pressure
e Stable temperature

+ Protection from the Sun’s radiation /A SPacesuit protects an
The atmosphere is a protective layer of gas and space particle impacts astronaut like the
surrounding the entire Earth. atmosphere protects

the Earth!
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The atmosphere is a protective layer of gases surrounding the entire Earth. The atmosphere is a lot like a spacesuit for Earth.  

Question: How does a spacesuit help an astronaut survive in space?
Answer: A spacesuit provides an astronaut with oxygen to breathe and air pressure to stay comfortable. Space can also be very cold, or very hot. A spacesuit must protect an astronaut from the extreme temperatures in space. Finally, a spacesuit blocks the Sun’s harmful radiation and protects astronauts from space particle impacts. 

An astronauts spacesuit duplicates what the atmosphere does for Earth, so a spacesuit is like a mini-atmosphere.





What is the Atmosphere made of?

Hydrogen — HZO— Oxygen

7

Two hydrogen atoms

The atmosphere is
made up of billions of
microscopic particles
called and
molecules, such as
water molecules.

Question 3: What are the three
“states” or “phases” of matter?

Answer: Solid, Liquid, and Gas

Question 4: What is the most common
gas found in the atmosphere?

A. Nitrogen

B. Oxygen

C. Carbon Dioxide
D. Water Vapor
Answer:

78% Nitrogen

21 % Oxygen

And the remaining 1% is made of argon,
carbon dioxide, neon, helium, methane,
krypton, hydrogen, and water vapor.
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We cannot see most of the Earth’s atmosphere because it is made of billions of microscopic particles called atoms. Atoms are the basic “building blocks” of matter.

Atoms like hydrogen and oxygen can stick or bond together to form larger molecules, such as water. Water, also know as a liquid, is a “state” or “phase” of matter. 

Question 3: What are the three “states” or “phases” of matter? 
Answer: Matter can be either a solid, a liquid, or a gas. 

The atmosphere is an example of a gas. In fact, the atmosphere is made of many different gases. 

Question 4: What is the most common gas found in the atmosphere?
Answer: The answer is nitrogen. The atmosphere is made up of 78% nitrogen, 21% oxygen, with the remaining 1% being other gases such as water vapor, hydrogen, argon, and carbon. This mixture of gases makes up the air we breathe.

Scientists study the atoms and molecules that make up Earth’s atmosphere in order to understand why it is unique. To do this, they use Earth observing satellites like JPSS. JPSS helps scientists study atmospheric events such as cloud formation, daily weather, hurricanes, and even volcanic eruptions. 


Question 5: Can you name any of the five natural

What are Greenhouse Gases?

Natural greenhouse gases are gas molecules located
throughout Earth’s atmosphere

Greenhouse gases help support life on Earth by
protecting us from the Sun’s ultraviolet light.

Greenhouse Gases?

Hint: We’ve already discussed one of them.

Answer: The five natural Greenhouse Gases are:

Water Vapor (H,O)
Ozone (O,)

Carbon Dioxide (CO,)
Methane (CH,)
Nitrous Oxide (N,O)

s During the day when
Un ' the Sun's energy
reaches Earth's
atmosphere, most of
it goes right through.
Some bounces off,
back into space.

At night, most of the
Sun's energy escapes
back into space. But
some is trapped inside
the atmosphere by
the greenhouse gases,

further warming
Earth.
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The gas atoms in the atmosphere can stick (bond) together to form greenhouse gas molecules. Greenhouse gases are an important part of the atmosphere because they protect Earth from the Sun’s harmful ultraviolet (UV) radiation while creating the right temperatures to support life. 

Question 5: Can you name any of the five natural greenhouse gases? 
Answer: The five natural greenhouse gases in Earth’s atmosphere are water vapor, ozone, carbon dioxide, methane, and nitrous oxide. 

These greenhouse gases allow sunlight to pass through the atmosphere, trapping heat, and warming the Earth. This is what is called the “greenhouse effect.” A natural greenhouse effect keeps the Earth at a stable temperature, allowing the Earth to stay warm enough for life to exist. Without greenhouse gases, the Earth would be too cold. 

JPSS monitors what greenhouse gases are in the atmosphere, where they are located, and how much there are. For example, scientists are very interested in monitoring water vapor and ozone greenhouse gases. 



Water Vapor and Weather Activity.

* The water cycle influences weather activity. The water cycle is the movement of water
throughout Earth’s surface, oceans, and atmosphere.
* |f scientists know where a lot of water vapor is, then they can accurately predict the weather.

Condensation

Transpifation

" Evaporation from Plants

from Oceans,

\f! Lakes & Streams

Groundwater
Surface Runoff

* There is enough water vapor in the atmosphere to cover the entire Earth with 1 inch of rain!
Question 6: At what temperature does liquid water freeze into ice?  Answer: 32 °F Answer: 0 °C
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Understanding where and how much water vapor is in the atmosphere is one of primary missions of JPSS. Knowing where water is moving above us helps scientists predict the weather, making it a very important greenhouse gas.

For example, the movement of water vapor in the atmosphere influences weather events such as: cloud formation, atmospheric temperature, humidity, rain, thunderstorms, and hurricane formation.

All of these weather events play a role in Earth’s water cycle. The water cycle is the movement of water (as a solid, liquid and gas) around the Earth’s surface, oceans, and atmosphere. For example, when the liquid water on the ocean surface gets hot enough, it evaporates into water vapor (gas) and rises into the atmosphere where it condenses back into liquid water, forming clouds, and producing rain. Water in mountains, lakes, rives, and even glaciers can evaporate into the atmosphere and become a greenhouse gas. 

Question 6: At what temperature does liquid water freeze into ice?
Answer: Liquid water freezes at 32 degrees Fahrenheit and 0 degrees Celsius.


How Does JPSS Monitor Water Vapor?

JPSS uses the Advanced Technology Microwave Sounder (ATMS) to:
(1) Measure water molecules in the atmosphere

(2) Measure water throughout Earth’s water cycle
NPP ATMS Antenna Temperature (TDR) Ch.18 183.31+7.0 GHz H-POL
. . Scan UTC Date: 2011-11-09
ATMS can monitor water in all three phases R ———
and can help scientists forecast severe
weather events such as hurricanes.
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JPSS uses several scientific instruments to monitor water. The first is called the Advanced Technology Microwave Sounder or ATMS. ATMS uses microwaves to detect water vapor and liquid water molecules in the air and clouds. ATMS can show scientists where there is little or a lot of water vapor. By understanding how much water vapor is in a certain part of the atmosphere, scientists can accurately predict when it will rain and when it will be sunny. In addition, ATMS can help scientists predict where severe weather such as thunderstorms and hurricanes will form.

For example, the image on the left is of hurricane Dorian taken by JPSS in August of 2019. JPSS was able to track hurricane Dorian by monitoring the warm ocean water that evaporated into water vapor in the Atlantic Ocean. The water vapor forms clouds and then thunderstorm clouds. When multiple thunderstorm clouds begin spinning around a concentrated center, it eventually forms a hurricane. 

The picture on the right shows the location and amount of water vapor across Earth’s entire atmosphere in 2011. The red areas show less water vapor and blue areas show a lot of water as clouds, vapors, and precipitation. In the polar regions, blue depicts snow and ice. 




What is the Ozone Layer?

 The Ozone Layer is located approximately 10 to 20
miles above Earth’s surface.

e This number can change throughout location and
time of year

Infrared Visible Ultraviolet
Light Light Light

The Ozone Layer absorbs the Sun’s ultraviolet light,
protecting us from sun burn.
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Ozone is another greenhouse gas located all around the atmosphere at approximately 10 to 20 miles above Earth’s surface. This part of the atmosphere is called the Ozone Layer.

The Ozone Layer is a protective layer of ozone gas surrounding the entire Earth and protects life by absorbing almost all of the Sun’s harmful ultraviolet light before it reaches the surface.  Without the Ozone Layer, the light from the Sun would harm life on Earth. For example, ozone protects beach goers in the summer from getting sunburnt.




How Does JPSS Monitor Ozone?

JPSS uses Ozone Mapping and Profiler Suite (OMPS) to:
(1) Monitor the amount of ozone molecules around Earth’s atmosphere
(2) Create 3D “maps” of Earth’s ozone

Average Ozone: September 1989 Average Ozone: September 2019

e Scientists monitor and study the ozone to make sure it stays healthy


Presenter
Presentation Notes
The ozone layer is a very important part of Earth’s atmosphere and scientist want to make sure it stays healthy. In fact, scientists have been using Earth observing satellites like JPSS to monitor ozone molecules for over 30 years. JPSS uses another scientific instrument called the the Ozone Mapping and Profiler Suite or OMPS to monitor the ozone. 

OMPS can measure the amount of ozone molecules all around Earth’s atmosphere and up to 30 miles above the surface. Scientists use the data gathered from OMPS to create 3D “maps” of the entire ozone layer.
For example, these images show the average ozone over Antarctica in September of 1989 and 2019. The blue areas are where there is the least ozone, and yellow and red where there is more ozone. NASA and NOAA scientists have recorded the September 2019 hole is the smallest it has been since 1982. Using the data gathered to make these maps, scientist can see if the ozone layer is healthy and can continue protecting the Earth. 

OMPS can also provide beach goers with the UV index, telling how much of the Sun’s UV light is passing though the atmosphere. This number can tell you how much sunscreen to put on. 


Aerosols

Aerosols are tiny, solid particles and liquid Question 7: True or False...Volcanic ash is an example of an aerosol.
droplets in the atmosphere.

JPSS can monitor natural aerosols and

Answer: True

how they affect the weather. Examples of natural aerosols:
Sea salt and desert dust can affect the * SeaSalt
size of clouds. * Desert Dust

e Smoke
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The Earth’s atmosphere also contains natural aerosols. Aerosols are tiny, solid particles and liquid droplets in the atmosphere. JPSS can monitor these aerosols and how they affect the weather. For example, sea salt and desert dust are flung into the atmosphere by high winds and can scatter sunlight, affecting the size of clouds.

The picture on the left shows plumes of sand and dust in Southern Africa blowing in a westward wind into the Atlantic Ocean. The next picture was taken in August of 2020, showing four fires burning across Colorado and releasing smoke into the atmosphere. 

Question 7: True or False…volcanic ash is an example of an aerosol.
Answer: (Click 3 times) True,  volcanic ash is a natural aerosol. Large amounts of volcanic ash are released into the atmosphere after a volcanic eruption. 

The picture on the right shows Volcano Raikoke erupting as volcanic gases are released high over the North Pacific Ocean and into the atmosphere. Volcanic ash poses a serious hazard to aircraft. So the data from JPSS helps air plane pilots` steer clear of volcanic eruptions. 


JPSS System

APPLICATIONS

(Advanced Technology
Microwave Sounder)
Observations Include:
*Liquid water in clouds
*Rainfall rate
*Sea ice concentration
*Snow cover

CriS

(Cross-track Infrared Sounder)

Weather
Forecasts

. it Agriculture
« Atmospheric molsture & S National Weather Service (NWS) .

One of the most well-known users of data from the JPSS fleet. @ o
Uses supercomputers (shown) that process data to create [ ]
weather forecasts. .

° v Marine

LR ——

NOAA Satellite Operations Facility (NSOF)
The home of JPSS mission operations.
Dmmmwmfs Ived here and distrib 1 to the data users.



Presenter
Presentation Notes
As JPSS orbits the poles, the 5 instruments listed here collect scientific data on the water cycle, the gases in the atmosphere, and much more. Each time one of our satellites passes over the North or South Pole, it sends all the data it collected to a polar ground station where it is then sent to scientists at NOAA and the National Weather Service. Scientists use this data to forecast weather and create mathematic models of what the atmosphere will look like many years from now. 

People all around the world depend on the weather data gathered by JPSS. Even people like farmers, fishermen, sailors, airplane pilots, and emergency responders need satellites like JPSS to help grow food, travel, and protect people.


Make your own greenhouse gas & aerosol molecules!

Instructions

Each greenhouse gas and aerosol has a molecular formula. This formula
Is like a "recipe,” telling you what atoms, or Ingredients the molecule Is
made of. Try and construct all 5 greenhouse gases and all 3 aerosols.
Sea the water vapor formula below.

Hydrogen—— H 20

Greenhouse Gases

Oxygen

Two hydrogen atoms

Greenhouse gases are an important part of Earth's atmosphere. They allow
sunlight to pass through the atmosphere, trapping heat, and creating stable
temperatures to support ife on Earth. This is what is called the "greenhouse
effect.” Without greenhouse gases, the Earth would be too cold. JPS5
maonitors the 5 natural greenhouwse gases found in Earth's atmosphere.

Formula

Molecular Model Guide

zas Molecule

Atom

Element

HO

‘Water Vapor

H

Hydrogen

O

3

Cizone

C

Carbon Black

COr

|

Carbon Dicxide

Mitrogen Biue

MO

2

Mitrous Crolde

Craygen Red

CH

Methane

Sodium

Sea Salt

Chicrine

50

2

Sulfur Dimade

Sulfur

H,50,

Sulfuric Acid

Aerosols

Aerosols are timy, solid particles and liguid droplets im the
atmosphere. Large amounts of natural aeroscls are released inbo
the atmosphere as sea salt, desert dust, smoke and volcanic ash.
JPS5 monitors aergsols in order to understand their effect on the
atmospheres.

Water Vapor HED Ozone O,

Sea Salt NacCl

Sulfur Dioxide 502
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Sulfuric Acid H,50,

Carbon Dioxide C'D: Mitrous Cxide NED Methane ':H4
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