If you like to breathe air and eat food, you should thank phytoplankton. Here’s why:

Microscopic phytoplankton are at the
bottom of the marine food web and are
eaten by everything that is bigger than
they are. Energy that starts with
phytoplankton provides fuel for life on
our planet; including humans.

Just like rainforests, they are carbon
converters. They change carbon dioxide
to oxygen. Half of the oxygen in the air
we breathe is made by phytoplankton.

If you can only see phytoplankton
using a microscope, why can we see
them from space?
Phytoplankton bloom in large amounts. From
space we can see huge swirling marble patterns
of green and red. You could see them with your
own eyes from the International Space Station,
but scientists use satellites to monitor them
every day of the year. Scientists can be very
precise with current satellites to know how much
Phytoplankton is in the ocean. This is called
biomass. However, we are not very good at
knowing which types are there. NASA’s PACE
Mission will launch a new satellite that will be
able to sense not just how much phytoplankton,
but what types too.
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Image Credit: Norman Kuring (NASA GSFC)

The ocean is blue right?
Well…
Yes, water on its own looks blue.
Sunlight is a spectrum of rainbow
colours. When light hits the ocean
surface, red light is absorbed (so we
don’t see it) and blue light is reflected.
We see the blue light because the
ocean bounces it back to our eyes like
a mirror.
Phytoplankton are better at reflecting
more colours than just blue. When
there
are
large
amounts
of
phytoplankton in the ocean, they
literally change the colour of the
water.

Image Credit: Norman Kuring (NASA GSFC)
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Ocean Color Wheel

Materials needed: Card stock or thick paper, round head fastener (1” or smaller), paste or glue.
Assembly Instructions:
1) Print all pages single-sided on card stock or thick paper.
2) Cut out the three wheels (top, center, back) using the pink solid lines as a guide.
3) Cut out the windows on “top” wheel using the dashed lines as your guide.
4) Carefully punch a small hole through the center of the top and center wheels.
5) Attach page the center wheel behind the top wheel with the fastener so that the round head is on the front.
6) Glue the back of the wheel to the blank side of the center wheel.

Cut line

Page 1: Top wheel, with cut out windows.

Page 2: Center wheel. Attach to the top wheel (page 1) in the center using the round head fastener.
The information on the center should align with the windows on the front wheel as it is turned.

Cut line

Page 3: Bottom wheel should be glued to the back of the center wheel (page 2).

Cut line
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GAME INSTRUCTIONS
SNAP
Players: 2-4
Aim: To win the snap pot until you hold all the cards
Print a minimum of 2 sets of phyto cards. You can print as many as you like for a longer game.
• Evenly deal the cards face down one at a time to each player.
• Players do not look at their cards.
• One at a time, each player takes their turn. Turn a card upright into the middle of the table (the snap pot).
• If two of the same cards are revealed on top of each other, the fastest player calls “snap” and slaps their hand
down on the cards in the snap pot.
• In the case of a tie, the person with their hand on the snap pot first is the winner.
• The winner gets to pick up the snap pot to add to their own deck.
• Play continues until only one player holds all the cards, or there are no more matches.
GO FISH
Players: 2-4
Aim: To collect as many sets of 4 as possible
• Print a minimum of 4 sets of phyto cards, or more for a longer game.
• Use standard Go Fish card game rules [for example: https://www.dltk-kids.com/games/go-fish.htm].
CELEBRITY HEADS/20 Questions
Players: Whole class activity
Aim: To deduce which phyto card you have by asking 20 or less yes/no questions.
• Print one set of cards (You may wish to print them on A4)
• Choose 2-4 students to sit at the front of the class in front of the white board.
• Stick phyto cards above the student’s heads, so they can’t see them, but the rest of the class can.
• Each student takes their turn to ask a question in order to deduce which phyto card they have. Eg, “Am I a
dinoflagellate? Yes/No” or “Am I toxic?” Yes/No.
• Students are given two chances at a final answer.
• Can be played one-on-one or in small groups as a game of 20 Questions.
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But NASA is a space agency…
Correct, and Earth is a planet.

NASA has part of their mission
dedicated to understanding and
protecting our home planet, for societal
benefit. That sits inside the NASA
Science Mission Directorate where they
also have scientists that look at the
Sun, the universe, and other planets.
NASA’s Earth Sciences Division studies
the Earth, our home planet, including
our oceans. PACE is a NASA Earth
Science Mission.
Learn more at:
https://science.nasa.gov/earth-science
For teachers: More resources
https://science.nasa.gov/learners/wavel
ength

FYI: Since recording the podcast, Paula has moved to an exciting new job at the University of
Rhode Island as Dean of the
School of Oceanography.

I want to be a NASA scientist.
How do I get there?
Are you interested in science, oceanography
and space? There are lots of opportunities
at NASA to participate in an internship (high
school & tertiary students who are US
citizens). https://intern.nasa.gov

How many NASA Earth Missions
are there?
There are 22 orbiting satellite missions that look at
the Earth at the moment, including 6 on the
International Space Station. There are even more
Earth missions currently in formulation and more ideas
in process. Those orbiting missions look at different
aspects of our Earth, such as ice, water, land,
atmosphere and solid earth. All these missions allow
us to look at Earth as a system. This helps us better
understand our home planet. Missions at NASA
average between 5 and 7 years from concept through
formulation to launch. It’s a very precise build that
takes a large team of experts and a lot of time.

Yes, you can do this if you are Australian!
NASA has an international internship
program for 2nd year undergraduate students
through to postgraduates. Visit
https://www.vssec.vic.edu.au/nasainternational-internship-program/

Paula is
SYNECHOCOCCUS

CLICK TO PLAY
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What is remote sensing?
Please, someone tell me!

PACE in a Nutshell!
NASA maintains a fleet of Earth observing satellites designed to study
oceans, atmospheres and land as well as how they all interact. PACE is
NASA’s next huge investment in the combined study of ocean and
atmospheres and it’s going to look at our home planet in ways that the
existing fleet of satellites cannot. Its primary purpose is to greatly
improve the detection of phytoplankton. We study phytoplankton from
space by looking at the colour of the ocean. However, current satellites
only look at a couple of wavelengths of the rainbow, a couple of colours
if you will. So, think about boxes of crayons. If I asked you to draw
something awesome, would you want a box of eight crayons or a box
of 64 or more crayons? Back to satellites, right now our satellites are
like a box of 8 crayons. PACE is the box of 64. For the first time ever
we’re going to look at all the colours of the rainbow, globally, every
single day. PACE will launch into Earth’s orbit in 2023.

Remote sensing is studying
something
without
actually
touching it. In the story of trying
to study the ocean, remote
sensing is observing features and
patterns of the ocean without
actually laying hands on any of
the water itself. The reason that
this is powerful is that you can
see huge amounts of information
over space and time. You achieve
remote sensing using aircraft or
satellites. Some actively send
down sound, light or lasers to see
how they interact with the
water. Others just sit and
observe. PACE is the sit and
observe type of remote sensing
instrument. It will watch how
sunlight interacts with the
atmosphere and the ocean and
changes its colour.

Jeremy is
SYNECHOCOCCUS
too!
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)Lake)Okeechobee,)Florida)
)toxic)blueTgreen)algae)bloom))
)visible)In)July)2,)2016))
)OLI/Landsat)8)natural)color)image)
)via)NASA)Earth)Observatory.)

!
Observing!phytoplankton!communiMes!and!the!
ocean’s!response!to!changes!helps!us!be\er!plan!for!
disrupMons!such!as!harmful!algal!blooms.!
!

The)American)Paciﬁc)Northwest)is)at)increasing)risk)from)ocean)
acidiﬁcaAon)and)reduced)oxygen)content)with)warming.)Image)
from)MODIS/VIIRS)composite)collected)on)March)30,)2016))
via)NASA)GSFC)Ocean)Biology)Processing)Group.)
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!
Combining!PACE!data!with!other!observaMons!and!
models,!scienMsts!will!study!how!marine!ecosystems!
are!impacted!by!nutrient!and!carbon!cycling!in!the!
Earth!system!to!answer!fundamental!quesMons!
about!algal!blooms,!how!the!ocean!stores!carbon!
and!the!ocean’s!role!in!climate!processes.!
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!!!!!!!!!!!!!!!!!!!NASAOcean))))))))))))pace.gsfc.nasa.gov!
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PACE!is!implemented!by!NASA!
Goddard,!who!manages!the!project,!
designs!and!builds!the!Ocean!Color!
Instrument!and!spacecraK,!runs!
operaMons!and!science!data!
processing.!

!

!
NASA!Goddard!Space!Flight!Center!
ensures!the!accuracy!of!!ocean!
color!satellite!data!and!makes!it!
available!to!users!around!the!world!
since!1989.!PACE!builds!on!a!legacy!
of!NASA!Goddard!ocean!color!
missions!such!as!SeaWiFS!
(1997G2010).!
!
AKer!its!launch!in!2022!!
and!for!at!least!!
three!years,!!
PACE!will!!
measure!
global!!
phytoplankton!diversity,!!
airborne!parMcles!and!clouds!!
for!advanced!applicaMons!of!!
ocean!ecology!and!climate.!

!

!
Over!the!past!century,!humans!have!accelerated!the!
use!of!natural!resources!such!as!fossil!fuels,!old!
growth!forests!and!groundwater.!This!has!warmed!
the!ocean!and!atmosphere,!!
changed!their!chemistry!!
and!caused!extra!runoﬀ!!
from!land.!From!analysis!
of!data!collected!by!satellites!
and!sensors!over!the!past!few!!
decades,!we!know!these!mulMple!stressors!impact!
microscopic!life!in!the!ocean!as!well!as!airborne!
parMcles!and!clouds,!but!we!do!not!know!to!what!
extent!or!whether!changes!will!reach!a!Mpping!point.!
The!new!Plankton,!Aerosol,!Cloud,!ocean!Ecosystem!
(PACE)!mission!will!measure!and!help!resolve!the!
complex!role!of!these!interrelated!Earth!systems!
and!their!impact!on!ﬁsheries,!ocean!chemistry!and!
nutrients,!climate!feedbacks!and!human!health.!
!
Ocean)Color)
PACE!will!primarily!monitor!the!health!of!our!ocean!
through!biological!and!chemical!properMes!derived!
from!the!observed!light!properMes!of!the!water.!
!
Aerosols)and)Clouds))
Detailed!remote!sensing!of!the!atmosphere!will!
include!airborne!parMcles!G!such!as!dust,!smoke!and!
polluMon!G!to!study!their!role!in!cloud!formaMon!and!
to!correct!the!ocean!color!scenes.!
!
Advanced)Engineering))
The!main!sensor!on!PACE,!Ocean!Color!Instrument,!
will!sense!over!an!excepMonally!broad!spectrum!of!
wavelengths!with!hyperspectral)resoluMon!enabling!
PACE!to!take!the!most!advanced!global!observaMons!
of!phytoplankton!communiMes,!including!where!
they!live!and!how!they!move!or!change.!!

!
!
!
!Mission!Overview!

Different colors, shapes, sizes of phytoplankton in the ocean

!

!
!

!
!

Plankton)through)a)microscope!

)

PACE!will!be!used!to!disMnguish!kinds!of!
phytoplankton!around!the!world!and!
how!they!change!over!space!and!Mme.

!

)
Ocean!ecosystem!health!depends!upon!
what’s!in!it,!which!in!turn!determines!
how!visible!light!is!transmi\ed!or!
absorbed.!Satellites!measure!the!visible!
light!spectrum!of!the!ocean’s!surface!to!
detect!chlorophyll,!a!green!pigment!in!
phytoplankton!–!microscopic!algae.!)
)
)
)
)
)
)
)
)
Phytoplankton!form!the!base!of!the!
marine!food!web!and!create!about!half!
of!Earth’s!oxygen.!Where!they!bloom!G!
and!which!kind!–!impacts!ﬁsheries,!water!
quality!and!how!much!carbon!dioxide!
ocean!biology!draws!out!of!the!air.!!

How!healthy!is!the!ocean?!!

QuanMfying!the!absorpMon!of!sunlight!by!
aerosols!globally!at!high!resoluMon!will!
be!a!new!capability!with!PACE.!Looking!
simultaneously!at!ultraGviolet,!visible,!
nearGinfrared!and!shortGwave!infrared!
wavelengths!will!reveal!aerosol!types,!
sizes!and!absorpMon!levels.!

South)America)in)July)8,)2016)MODIS/Terra)natural)color)image)of)
airborne)dust)oﬀ)the)coast)of)Chile)via)NASA)Earth)Observatory.)
)

)

)
)

)
)
)
)

!
Tiny!parMcles!loKed!into!the!atmosphere!
from!natural!and!human!sources,!called!
aerosols,!can!reﬂect!or!absorb!incoming!
solar!radiaMon!and!change!the!amount!of!
sunlight!received!on!Earth.!Aerosol!types!
such!as!dust,!smoke!and!dirty!urban!
polluMon!absorb!radiaMon!and!heat!the!
atmosphere.!Mineral!dust!from!deserts!
can!be!blown!over!the!ocean!where!it!
may!fall!and!ferMlize!plankton!blooms.!)
)
)
)

What!is!the!impact!of!
aerosols!on!climate?!!

!
!
!
!
!
)
)
Thick)haze)over)eastern)China)in)December)7,)2015)MODIS/Aqua)
naturalTcolor)via)NASA)Earth)Observatory.)The)haze)extended)
southwest)from)Beijing)for)hundreds)of)kilometers.)AuthoriAes)in)
Beijing)issued)the)ﬁrst)“red)alert”)for)air)polluAon)during)this)event.))
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)
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Advanced!measurements!of!aerosols!and!
clouds!by!PACE!will!aid!understanding!of!
cloud!processes!and!how!they!impact!
Earth’s!energy!budget!and!climate.)

!

!
Clouds)associated)with)Typhoon)Nepartak)neared)Taiwan)on)July)7,)2016)
in)this)MODIS/Terra)naturalTcolor)image)via)NASA)Earth)Observatory.)

)
Clouds!strongly!impact!the!transfer!of!
radiaMve!energy!(e.g.!solar!and!infrared)!
into!and!out!of!the!planet.!!
Cloud!parMcles!form!!
around!aerosols.!!
How!cloud!!
properMes!!
are!modiﬁed!by!!
aerosols!from!!
human!sources!!
is!an!important!!
open!quesMon.!!

How!do!aerosols!contribute!
to!cloud!formaMon?!)

How does one build a spacecraft? In Episode 3, we get some answers from the engineer folk! PACE
Project Manager André Dress and PACE Mission Systems Engineer Gary Davis.
A Project Manager is a professional organizer.
André’s job involves organizing and managing the daily
operations of the huge NASA PACE team.
PACE is like a big puzzle. All the pieces need to fit
together such as:
• The spacecraft
• The scientific instruments
• The ground system
• The science team
• The operations team
• And many more
In order to have a successful mission, everyone needs to
play together, and the project manager is there to make
sure they do. It’s a very busy job for a person who loves
working as part of a team.

There are many engineering teams working on
PACE, individually in charge of little bits.
Misson Systems Engineer Gary ensures all the
satelitte sub-systems can actually work
together as a whole.
Building a satellite is not so different to building
a car. It has many thousands of pieces that form
the whole finished machine. You might have one
person building the engine, and another person
building the transmission, but those two systems
have to be attached somehow for the car to
work. The mission systems team ensures all the
individual parts work together in harmony. A
spacecraft is essentially the same. It’s a job
with big responsibility, but Gary says a great
team makes all the difference.

What’s the lifecycle of the
PACE Satellite?
PACE is scheduled for launch in 2023 from the Cape Canaveral Air
Force Station in Florida at the Kennedy Space Center. It will be
launched into space on a SpaceX Falcon 9 rocket. After launch, the
satellite separates from the rocket and the solar array is deployed
(this helps power the satellite using the Sun’s energy). Antennas on
the ground then make contact with the satellite and it’s time to
run some diagnostic tests. Then, the satellite is turned over to the
Science Data Segment team. They collect and process all the
scientific data throughout the life of the mission. There is enough
fuel onboard for PACE to last for about 10 years, but in the end
the fuel will run out. At that stage, the team performs a maneuver
to crash the satellite into the Earth’s atmosphere, where it will
burn up.
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How does the PACE satellite
collect data?

How do you drive a satellite?
Try PACE Yoga!

It’s similar to the way our eyes see colour. PACE uses a
There’s two ways:
camera, but this isn’t any normal camera. It has to be able
to withstand the harsh vacuum of space. Including, very hot
a) Reaction wheels. These are spinning and very cold temperatures and radiation from the Sun.
wheels. Their momentum can be adjusted to
rotate the spacecraft.
PACE is equipped with a specially designed camera with
b) FIRE THE THRUSTERS! These 8 small detectors similar to your eyes. They can see different
rocket engines can be engaged to adjust colours, they capture that data, turn it into a digitized
orbit. This is called a maneuver.
format and store it onboard a computer.
As the Earth rotates, PACE goes from south to
north during the daytime, crossing the equator
at around 1pm. Try Gary’s PACE Yoga Pose.

PACE carries onboard a new groundbreaking hyperspectral
sensor called the
OCEAN COLOUR INSTRUMENT (OCI).

Ocean Colour Instrument (OCI) Fun Facts.
FUN FACT 1:
It’s a telescope, but the optics SPIN. Imagine a
telescope spinning around, and inside the telescope is a
mirror also spinning at half the rate. These two
different spins take the light reflected from the ocean
and send it through the rest of the instrument optics.
FUN FACT 2:
All the light gets divided into three streams (like
Ghostbusters…?) Blue, red and shortwave infrared.
Those streams are then sent to extremely sensitive
detectors that will allow scientists to see very fine
colour differences in the ocean.

1) Imagine you’re in space.
2) Imagine you have a backpack on with 8
thrusters.
3) Raise your right arm to about 80—85 degrees.
That’s your solar array. It faces the sun and
is nice and warm. Your left side is cold to keep
detectors cool.
4) Look down past your toes and scan your eyes
left to right. This is the sensor that scans the
ocean every day.
NOW RUN BACKWARDS at 24,000km an hour to
scan the whole Earth in 2 days.
FUN FACT 3:
The OCI will be the first of its kind, so scientists
will be able to see more colours than ever
before. They’ll be able to not only see that
there is phytoplankton in the ocean but be able
to tell which types are present. The OCI is a
real game changer for satellite oceanographers.
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PACE data will be applied to some
of the most pressing societal issues
such as air quality and food safety.

PACE will observe the ocean and
atmosphere together. This will improve
knowledge of the role each system
plays as our planet changes.

PACE’s advanced technologies will
provide new insight into Earth’s ocean
and atmosphere, systems that affect our
everyday lives by regulating climate.
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Global coverage every two days

Sun-synchronous, polar orbit

676.5 km (420 mi) orbital altitude

Launch readiness date: Fall 2022

Two multi-angle polarimeters

Hyperspectral ocean color instrument

Key Mission Characteristics

To address new and emerging science questions
by detecting a broader range of color wavelengths
that will provide new and unprecedented detail.

To extend systematic ocean color, atmospheric
aerosol, and cloud data records for Earth system
and climate studies.

Science Goals

PACE will extend and improve NASA’s 20 plus
years of global satellite observations of our
living ocean, atmospheric aerosols, and clouds
and initiate an advanced set of climate-relevant
data records. By determining the distribution
of phytoplankton, PACE will help assess ocean
health. It will also continue key measurements
related to air quality and climate.

PACE MISSION

Unprecedented information.

More wavelengths.

Plankton, Aerosol, Cloud, ocean Ecosystem

PACE’s advanced technology will shed
new light on our ocean and atmosphere.

Ocean Color Instrument
& Polarimeters

Ocean Color Instrument

The OCI’s unparalleled
Days for global coverage
Ground sample distance
spectral coverage will
provide first-ever global
Institution(s)
measurements designed to
identify the community composition of phytoplankton,
microscopic algae that float in our ocean. These data
will significantly improve our ability to understand
Earth’s changing marine ecosystems, manage natural
resources such as fisheries, and identify harmful
algal blooms.

Coverage [swath width]

The primary technology planned for PACE is the Ocean
Color Instrument (OCI). Being built at NASA’s Goddard
Space Flight Center, it will be the most advanced
instrument for observing ocean color in NASA’s
history. Its state-of-the-art optical spectrometer will
measure properties of light over broad portions of the
electromagnetic spectrum: from ultraviolet to shortwave
infrared wavelengths. Even better, the OCI will enable
continuous measurement of light at finer wavelength
resolution than previous
NASA ocean color sensors
Spectral range [bandwith]
and its cross-track rotating
Shortwave infrared (OCI) /
telescope will minimize Polarized bands (SPEXone, HARP2)
Number of viewing angles
image striping.
[degrees]

OCI & Polarimeters

Same range in 15 to 45 nm steps
Five [-57°, -20°, 0°, 20°, 57°]
+/- 4° [100 km]
About 30
2.5 km
SRON Netherlands Institute for Space Research,
Airbus Defence and Space Netherlands, TNO

Seven bands centered on 940, 1038, 1250,
1378, 1615, 2130 & 2260 nm
Fore-aft tilt +/- 20° to avoid sun glint
+/- 56.5° [2663 km at 20° tilt]
1-2
1 km at nadir
Goddard Space Flight Center

PACE will be NASA’s most
advanced ocean color and
aerosol mission to date.

PACE will also include two multi-angular imaging
polarimeters, instruments that measure how reflected
sunlight oscillates within a geometric plane. When
light interacts with clouds or suspended particles –
known as aerosols – it comes away from that
interaction changed. By measuring changes in the
light’s polarization or color, we can infer properties of
the clouds or aerosols themselves. This type of data is
crucial to deciphering the way sunlight is reflected and
absorbed by our planet and how aerosols affect
cloud formation.

SPEXone
385 - 770 nm @ 2-4 nm steps

OCI

HARP2

342.5 - 887.5 @ 5 nm steps [5 nm]

©Airbus Defence and
Space Netherlands & SRON
Netherlands Institute for Space Research

SPEXone

Learn more at pace.gsfc.nasa.gov

Plankton, Aerosol, Cloud, ocean Ecosystem

Together with the OCI, SPEXone and HARP2 will
continue systematic records of key atmospheric
variables needed to improve forecasts of air quality,
weather and climate. As a result, PACE will be a
major advance in satellite observing technology. Its
instrument suite will provide new opportunities to
monitor and respond to changes in our environment,
while clarifying interactions between the ocean and
atmosphere with exceptional detail.

The PACE polarimeters, Spectro-Polarimeter for
Planetary Exploration (SPEXone) and Hyper Angular
Rainbow Polarimeter (HARP2), will sample visible to
near-infrared bandwidths over various angles within
the OCI’s coverage (see
HARP2
table). Their compatible
440, 550, 670 [10 nm] & 870 nm [40 nm]
spatial
coverage and
All
measurement accuracies
10 for 440, 550, 870 nm & 60 for 670 nm
will lead to a comprehensive
[spaced over 114°]
set of aerosol and cloud
+/- 47° [1556 km at nadir]
2
science
products.
In
3 km
addition, polarimeter data
University of Maryland –
will improve OCI results
Earth and Space Institute
by helping to “clear
away” portions of the atmosphere that obscure ocean
color signals.

Why do we need PACE?
To continue climate
data records and
unveil new insights on
life in our ocean.

Build Your Own PACE!
The Plankton, Aerosol, Cloud, ocean Ecosystem (PACE) spacecraft is designed to provide new
insight into Earth’s ocean and atmosphere. PACE will provide the first-ever global measurements to
identify communities of microscopic algae that float in our ocean: phytoplankton. This will help us
understand Earth’s changing marine ecosystems, manage natural resources such as fisheries, and
detect harmful algal blooms. Its atmospheric data will be used to study key issues such as air quality.
It usually takes years to build a satellite that can survive the extremes of space. This paper model
replica of PACE has five parts plus an optional “Hinge.” Just like NASA, you will create the final
spacecraft model by assembling the parts together...but in a tiny fraction of the time!
Materials
•
•
•
•

Solid line

Scissors
Glue
Metal ruler to make sharp folds
Optional: Hole punch (3/8 inch is best)

Cut parts out along this line.
Solid red line

–––––––––––

Patterns

Cut a notch along this line.

Dashed line

-----------Mountain fold
Fold so that the printed pattern faces out.

Diagonal red lines
Cut these areas out.
Green dots
Glue tabs to another place on that part.

Dotted line

..............
Valley fold
Fold so that the printed pattern faces in.

BUS

–––––––––––

Check out the PACE model build videos:
https://pace.oceansciences.org/paper_model.htm

The central part of PACE is called a “bus.” It serves as the hub for the
spacecraft, providing places to mount science instruments, solar array,
communications equipment, etc. It also houses electronic systems that
distribute power and information needed to operate the spacecraft.
DIRECTIONS
• Cut solid lines, including red circle and two small red notches.
• Cut out the “Bus End Piece” and save until later.
• Fold along all dashed lines, creating a cube shape.
• Glue tabs marked “1” to corresponding inner walls of the Bus, leaving
the top open until the Beam and Solar Array are built.

BEAM
SOLAR ARRAY

RADIATOR SHIELD

An array of solar panels are needed to power PACE. Before launch, the solar
array is folded and then unfurls in orbit. For this model, the Beam is a single
piece that connects the Solar Array to the Bus.
DIRECTIONS
• Cut out the Beam. (If using thin paper, shorten or omit red notches.)
• Fold along the long dashed lines. Leave ends unfolded.
• Glue along the green dots to form a rectangular piece.
• Cut out the Solar Array and its “End Piece.” Fold along all lines.
• Glue tabs marked “1” to long edge of the Solar Array.
• Following directions printed on the Beam, place it in the Solar Array.
• Glue Solar Array tabs marked “2.”
• Fold back the ends of the Beam oriented away from the Bus.
• Glue the ”Solar Array End Piece” over the Beam’s folded end.
• Insert the Beam’s other end in the hole in the Bus. Fold back its ends.
• With the Beam sitting in the notch, glue the top of the Bus closed.
• Glue the “Bus End Piece” on top of the Beam’s folded end.

A Radiator Shield maintains a delicate balance between the deep freeze of
space and the Sun’s blazing heat.
DIRECTIONS
• Note the direction of red arrows and cut out the Radiator Shield.
• Fold along all lines. There is one dotted line (“valley fold”).
• Glue tabs marked “1” to short sides of triangles (per red arrows).
• Push folded paper into the Radiator Shield, over the tab marked “2.”
• Glue the tab marked “2” to the bottom of the folded paper.

OCI

The Ocean Color Instrument (OCI) is designed to measure light at finer
wavelength resolution than previous NASA sensors. Its spectrographs will
split light down to 5 nanometers (5 one-billionths of a meter)!
DIRECTIONS
• Cut out the OCI. Make all folds, including valley above spectrographs.
• Glue areas marked “1” to form rectangular solar calibration assembly.
Glue tabs marked “2” to form the back of the OCI.
• Glue tabs marked “3” to form the data, control & interface units.
• Glue tabs marked “4”. Each tab can be pinched closed separately.
Be careful to maintain the angle along the edge of the spectrographs.
• Glue tabs marked “5” to finish the front side of the OCI.
• Glue areas marked “6” to finish the bottom and the port side
(i.e., side facing left when looking along PACE’s flight direction).
• Finish your PACE paper model by doing the following:
• Glue Radiator Shield to OCI. Be sure to align the two white boxes.
• Glue OCI/Radiator Shield to Bus (or optional “Hinge,” see below).
• Slightly bend down the Beam (see image at top left).
Estimated completion time of 90 minutes.

NASA’s OCI will tilt up and down... want your paper model to do that? Build the options “Hinge”!
Instructions available at https://pace.oceansciences.org/paper_model.htm
www.nasa.gov

https://pace.gsfc.nasa.gov

www.nasa.gov

https://pace.gsfc.nasa.gov

www.nasa.gov

https://pace.gsfc.nasa.gov

www.nasa.gov

https://pace.gsfc.nasa.gov

Time to geek out plankton lovers! This episode we talk to Dr. Ivona Cetinić and Dr. Amir Ibrahim about the
science of PACE. Ivona is a true “ocean master” and Amir is everyone’s favourite “atmosphere guru”.

How will PACE be useful for
scientists?
1) Better understanding & detection of phytoplankton.
Current ocean observing satellites are limited in the
colours they can see. That means they are limited in how
effective they are at detecting different types of
phytoplankton. You might liken this to green spaces on
land. Grassy meadows and dense forests are both green
and have plants, but they support different types of
animals. For example, cows like grassy meadows, not
forests. Scientists want to tell the difference between
grassy meadows and forests in the ocean, but right now
it’s like looking only at green. You can’t tell if it’s an
ocean “meadow” or an ocean “forest”.

What are Aerosols?
Aerosols are very small suspended particles in the
air. Aerosols include things like smoke, dust, soot,
and sea salt.

Dust particles whipped up during storms in desert
environments form massive dust clouds that can
travel across the world. Similarly, natural
disasters like bush fires can send huge amounts
of smoke particles into the atmosphere. Scientists
2) Better understanding of the optical properties of
can actually see these large aerosol events on
aerosols & clouds.
satellite images. These types of aerosol events
Aerosols and clouds effect the ocean and climate. NASA’s
can be harmful to our health.
PACE Mission will help scientists to quantify this impact.

e
nc
e
i
Sc rds!
wo

Quantify means:
To measure the quantity of
something. Basically counting…
Optical Properties means:
How light is scattered (reflected)
and/or absorbed by stuff.

Other aerosols are harmless, such as sea spray.
This can happen when you get some big surf at
the beach and the crashing waves send sea salt
particles into the air.

What is Earth System Science?

The Earth System is the integration of all the Earth’s elements working in harmony. This includes, but is
not limited to, water, fire, ice, land, and air. Each of these elements are systems by themselves and are all
interconnected. People who study Earth Systems Science look at interactions. That is, how do these different
systems talk to each other and interact? Oceans do not exist in a vacuum. They are surrounded by land,
air, and ice, so Earth System Scientists must look at how the oceans interact with other systems.
1
And if you like a good throw-back cartoon, check out Captain Planet & The Planeteers
“The Power is YOURS!”

What does phytoplankton and ocean ecosystems
have to do with aerosols and clouds?
If you look at the Earth from space, it’s all covered in clouds (except for maybe over the deserts). Clouds
are a major part of our Earth System, so it’s important to know how clouds form and how they interact
with aerosols and phytoplankton. Our knowledge about how aerosols effect our climate is uncertain.
NASA’s PACE Mission will help with understanding how aerosols effect the radiation balance (that is, how
much solar energy comes into the Earth System, versus how much is reflected back into space).
Phytoplankton actually help with cloud formation. Sometimes phytoplankton produce an ooze-like organic
matter. This ooze turns into sea spray, which helps to form clouds. Dust storms are also not all bad, they
have a purpose in the Earth System. Dust includes a lot of iron, so when dust particles travel across the
ocean, they deposit iron into the water. This can act as phytoplankton fertilizer.

What happens to life on the coasts
when flood water pours into the ocean?
Fresh water river plumes inject nutrients into the ocean. Phytoplankton love that, so the eat nutrients
and multiply rapidly (this is called a bloom). However, flood water also brings mud. Mud makes the water
dark and less light can get down the water column. Phytoplankton need light to photosynthesize (make
food using solar energy). If there’s too much mud, phytoplankton might not survive.
Another scenario is that some phytoplankton will float to the surface to find light. These types can
cause harmful algal blooms because they have lots of nutrients, and lots of light.

Hypothetical Scenario:
All the coccolithophores in the ocean disappear due to a drastic
environmental change. What does that mean for the ecosystem?
Hypothetically, this is a big problem. Coccolithophores are double climate
fighters. Like most phytoplankton, they take carbon out of the atmosphere
and sink it down into the deep ocean as part of Earth’s carbon cycle.
However, coccolithophores like Emiliania Huxleyi essentially transport
twice as much carbon as other phytoplankton because they are covered in
chalky calcium carbonate outer shells.
Losing all the coccolithophores would be detrimental to the carbon cycle.
Or as Ivona says, “A big disturbance in The Force”.
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PACE will provide key
information on aerosols
such as airborne dust, pollen,
smoke and haze. These
particles can significantly
reduce air quality,
leading to asthma and
respiratory distress among
vulnerable people.

The effect of human-produced
aerosols on clouds – and the
impact on climate – is not well
understood. Measurements
from PACE will help to clarify
the connections between
aerosols, clouds, and climate.

PACE MISSION
PACE will extend and improve NASA’s 20 plus
years of global satellite observations of our
living ocean, atmospheric aerosols, and clouds
and initiate an advanced set of climate-relevant
data records. By determining the distribution
of phytoplankton, PACE will help assess ocean
health. It will also continue key measurements
related to air quality and climate.

Science Goals
To extend systematic ocean color, atmospheric
aerosol, and cloud data records for Earth system
and climate studies.
To address new and emerging science questions
by detecting a broader range of color wavelengths
that will provide new and unprecedented detail.

Key Mission Characteristics
Hyperspectral ocean color instrument
Two multi-angle polarimeters
Launch readiness date: Fall 2022
675 km (419 mi) orbital altitude
Sun-synchronous, polar orbit
Global coverage every two days
Managed by Goddard Space Flight Center
National Aeronautics and Space Administration
Goddard Space Flight Center
8800 Greenbelt Road
Greenbelt, MD 20771
www.nasa.gov/goddard
www.nasa.gov
NP-2018-09-266-GSFC

Clouds & Aerosols

PACE will study clouds along with tiny
airborne particles known as aerosols.

Plankton, Aerosol, Cloud, ocean Ecosystem

More wavelengths.

Unprecedented information.

Clouds & Aerosols
Climate is the prevailing condition that you
plan for. Weather is what you get. The difference
between the two is simply time. For decades,
information from weather satellites has helped
us plan our daily activities. Collecting and
analyzing these data over time has resulted in
more accurate weather forecasts.
Similarly, predicting climate involves longterm studies of Earth’s atmosphere, including
clouds and small particles suspended in the
atmosphere known as aerosols. Both clouds
and aerosols affect how sunlight is reflected and
absorbed by our planet and its atmosphere.
Aerosols and clouds can interact in complex
ways, which are not well understood. For
example, cloud drops can form on aerosols and
aerosols can be washed out of the air by rain. The
overall effect of aerosols and clouds on climate is
quite uncertain.
Different types of aerosols absorb and reflect
different fractions of sunlight. Their interaction

with clouds alters cloud brightness and coverage,
further affecting reflection of sunlight. Aerosol
types and how they interact with clouds vary a
great deal from place to place over time. Thus,
we need satellites to capture a complete and
accurate picture of how much energy Earth is
absorbing from the sun.
Aerosol data will not only be used to better
understand our atmosphere but our ocean, as
well. How? Most of the light that is seen by a
satellite comes from the atmosphere and its
aerosols. Only a small fraction of the light comes
from the ocean. PACE will take this into account
when deciphering its data, including when
deriving information about the microscopic algae
that float in our ocean, phytoplankton. For PACE to
accurately “see” the ocean, we must understand
the aerosols present in the atmosphere.

PACE’s advanced technologies
will provide unprecedented
insight into Earth’s ocean
and atmosphere.

Why do we need PACE?
To better understand how
the ocean and atmosphere
exchange carbon dioxide.

Decades of clouds and aerosols data from
satellites have been used to forecast weather,
visibility and air quality. PACE will go a step
further by observing the ocean, clouds, and
aerosols together to better understand how they
interact. Its data will reveal new details about
the exchange of carbon dioxide and how some
aerosols fuel the growth of phytoplankton.

Conversely, PACE will help to track the types of
phytoplankton that can release particles to the
atmosphere, which may lead to the formation of
clouds. Overall, these processes affect how much
heat is trapped by Earth’s atmosphere and thus are
vital for accurate weather and climate predictions.

PACE science objectives for clouds
and aerosols:

Determine global aerosol distribution
and type

Provide new insight into aerosol
properties

Monitor cloud properties, and the
interaction between aerosols and clouds

Observe fundamental components
of our global climate in new ways

Plankton, Aerosol, Cloud, ocean Ecosystem

Learn more at pace.gsfc.nasa.gov

The ocean is a critical part of the
world’s economy. Forty percent of the
world’s population lives within 100 km
(62 mi) of a coastline, with fisheries and
aquaculture supporting about 12% of the
world’s livelihoods. In the U.S., there are
nearly 3 million jobs related to the ocean.

PACE will provide the first-ever global
measurements designed to identify
the composition of communities of
phytoplankton. This will significantly
improve our ability to decipher Earth’s
changing marine ecosystems, manage
natural resources such as fisheries, and
identify harmful algal blooms (HABs).

PACE MISSION
PACE will extend and improve NASA’s 20 plus
years of global satellite observations of our
living ocean, atmospheric aerosols, and clouds
and initiate an advanced set of climate-relevant
data records. By determining the distribution
of phytoplankton, PACE will help assess ocean
health. It will also continue key measurements
related to air quality and climate.

Science Goals
To extend systematic ocean color, atmospheric
aerosol, and cloud data records for Earth system
and climate studies.
To address new and emerging science questions
by detecting a broader range of color wavelengths
that will provide new and unprecedented detail.

Key Mission Characteristics
Hyperspectral ocean color instrument
Two multi-angle polarimeters
Launch readiness date: Fall 2022
675 km (419 mi) orbital altitude
Sun-synchronous, polar orbit
Global coverage every two days
Managed by Goddard Space Flight Center
National Aeronautics and Space Administration
Goddard Space Flight Center
8800 Greenbelt Road
Greenbelt, MD 20771
www.nasa.gov/goddard
www.nasa.gov
P-2018-09-268-GSFC

Phytoplankton &
Life in Our Ocean

Our ocean teems with life, providing food
and supporting many of Earth’s economies.

Plankton, Aerosol, Cloud, ocean Ecosystem

More wavelengths.

Unprecedented information.

Phytoplankton & Ocean Life
Constantly in motion, the ocean hosts the largest
three-dimensional living space on earth. This
vast volume teems with life but many of its most
vital species are also its tiniest inhabitants.
Like on land, the ocean has deserts, forests,
meadows, and jungles, providing habitats for
many forms of life. The types of life in these
habitats are determined by microscopic algae
that float in our ocean. Known as phytoplankton,
they come in many different shapes, sizes,
and colors. The diversity of phytoplankton
types present determines the roles they play in
ocean habitats.
For example, the North Atlantic is home to highly
productive “pastures” each spring. Its blooms
of carbon-rich phytoplankton fuel the fisheries
of New England. Phytoplankton are the primary
food source for small zooplankton, tiny animals
that float in our ocean. Larger zooplankton prey
upon smaller zooplankton and – step by step –
energy captured from phytoplankton transfers

to bigger organisms. As the energy climbs the
marine food web, many fish and shellfish will
ultimately be consumed by humans.
The international trade in coastal and marine
fisheries contributes $70 billion annually to
the U.S. economy. Yet 70% of the world’s
fish stocks are being harvested at maximum
capacity or, in extreme cases, overfished to
the point of collapse. Data from PACE will be
used to help improve the way our ocean’s food
resources are managed.
Another key habitat is the crystal-clear water
around Florida, home to productive fisheries
and coral reefs. At times, however, this area is
plagued by species of toxic phytoplankton.
Harmful algal bloom (HAB) events in the U.S.
have been estimated to result in economic
impacts averaging $50 million each year. HABs

PACE will reveal the diversity
of organisms fueling marine
food webs and how ecosystems
respond to environmental change.

Why do we need PACE?
To understand how
phytoplankton diversity
impacts human life.

can wreak havoc on commercial fisheries or force
the closure of recreational areas. Direct human
impacts include illness or even death through
consumption of toxic shellfish, along with asthma
attacks through inhalation of airborne HAB toxins.

PACE data will aid in the development of
computer programs that identify and quantify
specific phytoplankton groups, including helpful
species that fuel our ocean’s food resources and
potentially toxic species. These types of tools will
also be used to understand the environmental
factors that govern the appearance and demise
of fisheries and HABs.

Today’s satellites reveal the quantity
of phytoplankton at the ocean surface.
Yet we cannot detect the diversity of
species. For the first time, PACE’s
unprecedented technology will:

Reveal the diversity of phytoplankton
found in our ocean on global scales

Allow us to understand the role
that phytoplankton diversity has
on life in the ocean

Help us predict the “boom or bust”
of fisheries along with marine hazards
such as HABs

Plankton, Aerosol, Cloud, ocean Ecosystem

Learn more at pace.gsfc.nasa.gov

Get to know the Dream Team! Meet Dr Aimee Neeley and Ryan Vandermeulen. They are both
oceanographers who are part of the field support group at NASA Goddard Space Flight Center.

How do you make an
algorithm?
It’s like working in a digital laboratory. Here are the
steps:
1) Start with a question about how the world works.
2) Go out and collect data relevant to help you
answer that question. You can do this with data

from your own field work, or use data already
collected by other scientists.

3) Begin to unscramble the data and find new
patterns.
The process is like trying to decipher a secret code and
that code is telling you something about how the Earth
works. Easy right?

How do you make a connection
between what NASA’s PACE will
see from space and what is
really in the ocean?
NASA’s PACE will be looking at the entire surface of the
ocean and will gather a very large amount of information.
In order to make that information useful, scientists need
to make sure the colour signature they can see from
space, is the same as the one they see on the ground.
First, you have to subtract away the atmosphere. This is
called atmospheric correction. Second, you have to
decipher exactly what is causing the ocean colour to
change because it could be a lot of things (e.g. floating
sea weed, microplastics, oil slicks, even an abundance of
turtles). All these things have a unique optical
fingerprint. Field teams help gather information from the
ocean surface that allows satellite algorithm developers
to finely tune NASA’s PACE to detect phytoplankton.
It would take roughly 11 years for a field team on a ship
to map what NASA’s PACE can in 2 minutes!

How would you traditionally
measure phytoplankton in
the ocean WITHOUT a
sa el ite?
One way is by looking at how much
phytoplankton are in the water. That is called
phytoplankton biomass. You (i) take a water
sample from the ocean, (ii) place it on a white
paper filter pad, and (iii) extract a pigment
called chlorophyll. This pigment is what land
plants and phytoplankton use to harvest
sunlight so they can photosynthesize. By
extracting chlorophyll using this sampling
technique, scientists can tell phytoplankton
biomass.
A more tedious method is to simply count
them. Scientists can look at a water sample
under a microscopic and count how many
phytoplankton are there. Using this method,
scientists can identify all the different types
of phytoplankton species present in the
sample too!
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What is the story of phytoplankton pigments?
You can think about phytoplankton as being similar to flowers. A
red rose and a purple orchid are both flowers, but they have some
clear differences that help us to tell them apart, such as colour
and shape.
Phytoplankton grown (or cultured) in the
lab showing their diverse pigments.
Sunlight has all the colours of the rainbow, and when sunlight
touches something we see colour. In the case of flowers, it may
be red light from the rose or purple light (blue & red) from the
orchid. That is because all the other light colours are absorbed
by their pigments and only the red or purple colour is reflected
back to our eyes. The same concept can be applied to
phytoplankton, because they also have pigments that absorb or
reflect light. NASA’s PACE satellite in space acts like our eyes.
It’s looking down and seeing the light that’s reflected back out
from the ocean. If scientists can understand what types of light
are absorbed by phytoplankton and what types are reflected back
out, that information can be used to identify different types of
phytoplankton in the ocean.

What’s life like on a research vessel?
There’s great food! That’s really
important after working for 12+ hours
in a cramped lab. It’s expensive to be
out at sea, so scientists work very
hard, often alternating shifts to work
24hours around the clock. Everyone
knows their role, and must work in a
respectful, considerate and organized
manner. The chief scientist leads the
water sampling program. A rosette of
bottles is sent down the water
column, with bottles that can be
triggered to close at various depths
Play the Carbon Cycle Game
to collect samples. Scientists that
collect samples for oxygen usually Print the game on the next few pages and watch this video of
have first dibs. Scientists interested Ivona explaining how to play with game creator James Fox from
in optics and biology usually go last. Oregon State University (Go Beavers!)

2

Journey through the marine
carbon cycle
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Here the light starts to disappear so
phytoplankton can’t survive. When
phytoplankton die they leave the
photic layer through different
pathways, which one will you take?

Stop!! Now entering the
Twilight Zone!
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Which phytoplankton are you?
Take the quiz with NASA!
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At the surface of the ocean there is lots of
sunlight which
tiny plants called
phytoplankton need for photosynthesis.
Illustration: www.secchidisk.org

Welcome to the Photic Zone!
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Weird creatures of the Twilight Zone
There are lots of strange animals
that live in the deep sea. Do you
recognize any in the picture to
the left?
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Bucklin et al. 2010. Environmental Science
Photo credits R.R. Hopcroft and C. Clarke and L.P. Madin
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Carbon is important to all life on Earth, and is cycled
through the planet's atmosphere, land, and oceans. Many
different
organisms
(bacteria,
plants,
and
animals) collectively transport carbon from the
atmosphere to the deep sea where it stays locked away for
thousands of years. It all begins with the phytoplankton in
the sunlit ‘photic zone’. Start there and see how far you
make it through the different levels of the ocean...
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You made it to the Deep Sea!
Here carbon is locked away for 1000’s of
years as it travels on deep ocean currents…

Going down…processes that take you deep into the ocean
#1 (box 9): As carbon dioxide you are captured by a diatom during photosynthesis. This
phytoplankton sticks together with other diatoms making big particles called aggregates
that sink through the water column quickly. Go ahead to box 14!

If you roll 4-6: You are eaten by tiny animals
called zooplankton that travel up and down the
water column. Start down the short cut
towards box 42

If you roll 1-3: You start to stick together with
other particles forming aggregates called
‘marine snow’. Continue to box 19

When phytoplankton die they leave the photic layer through different pathways, which one will you
take?

Organic matter can make its way through the
water column via a number of different
pathways. Roll the dice to see which one you
take!

Entering the Twilight Zone!

#2 (box 21): You start to stick together with other particles forming big clumps of ‘marine
snow’. You start to sink even faster…Go ahead to box 26!
#3 (box 33): You get consumed by a
detritivore! These organisms hang out in
the twilight zone eating sinking particles.
Those particles get repackaged into even
bigger aggregates which sink really quickly.
Go ahead to box 40!
#4 (box 37): As a particle or a zooplankton,
you get eaten by a fish! The fish swims all
the way down to the base of the
mesopelagic and excrete you as fish poop.
You start to sink again…nearly there! Go
ahead to box 48!

Activities
#1 (box 3)
Almost all the animals that live in the ocean rely on phytoplankton to
provide them with food. That’s because they are at the very start of the
marine food web. We can see these important microbes from space! Can
you guess how?
#2 (box 7)
Phytoplankton, like plants and trees, use photosynthesis to make their
food. For this they need carbon dioxide, water and lots of sunlight. As light
travels through the ocean how do you think it will change? Try on the
different glasses to find out!

Going up…processes that slow your progress through the
water column

#1 (box 13): As a phytoplankton cell, you die and bacteria in the water start to
consume you. They convert you from solid ‘organic matter’ into a gas. Go back to box
5 and wait to be captured by a phytoplankton again!

#2 (box 28): Your big group of particles (aggregate) starts to fall apart and you begin to
sink much slower. Go back to box 19, hopefully there are other particles to stick to!

#3 (box 35): As an aggregate or a zooplankton, you get eaten by a fish! The fish swims
all the way up to the top of the twilight zone and excretes you as fish poop. You start
to sink again but it’s a long way to go….go back to box 23.

#4 (box 41): Bacteria in the water start to change you into carbon dioxide! You then
wait to get transported to the surface by deep ocean currents and captured again by
phytoplankton. Go back to box 5!

#5 (box 49): Not again! Bacteria in the water change you into carbon dioxide and you
wait to get transported to the surface and captured again by phytoplankton. Go back
to box 5!

#3 (box 31)

The picture on the right has lots of deep sea organisms in it, can you name
any?
#4 (box 45)

The size of a particle or aggregate makes a big difference to how fast it
sinks through the water column. Can you think of anything else that will
affect how it sinks? Make your own aggregates with different materials to
see how fast or slow they sink.
#5 (bonus activity)

The twilight zone is dark and cold, with very high pressure. The animals
that live in these challenging conditions have adapted special features to
survive. Can you think of any ways they have done so?

It’s the Olsen Twins! I mean, it’s Dr Erin Urquhart (PACE Project Applications Coordinator) & Joel Scott
(PACE Project Applications Deputy Coordinator). We ask them, “Who and how will NASA’s PACE Mission
actually help once it’s in space?”

What is applied science and NASA’s
PACE Early Adopters?
It’s satellite data in action!
Unlike basic science, which is all about the scientific
process and theories, applied science and NASA’s PACE
applications take what we know from basic science and
uses it to build tools and inventions that help humans
make better decisions for healthy environments and
healthy people. The PACE early adopters are a group of
folks who are doing exactly that. They’re bridging the
gap between science that comes from NASA’s PACE
Mission and the choices, management and policies that
shape the way we all live. Click here to learn more about
NASA’s PACE Mission Early Adopters or follow
@NASAOcean on Twitter.

AHHHHH Volcano!
NASA’s PACE Mission to the rescue.

Is it an oil slick?
YES!
How can NASA’s PACE help?
NASA’s PACE satellite will have cutting edge
technology onboard that will allow scientists
to see things in the ocean from space like
never before. The tech on board will allow
scientists to tell if patterns and colours in the
ocean are phytoplankton blooms, whale poops,
oil slicks, or maybe even heaps of turtles!
NASA’s PACE Mission will be there to help
mitigate damage from oil slicks by showing the
extent of spills because the satellite has the
ability to scan the entire Earth in 2 days.
Meet Chuanmin Hu, an early adopter who will
use NASA’s PACE data to detect oil slicks in
the ocean.

When a volcano erupts it sends ash, soot, sulphur dioxide and a whole bunch of other harmful particles
(aka nasty aerosols) 10’s of kilometers up into the atmosphere. Although volcano eruptions have a geological
purpose in our Earth’s system, those nasty aerosols are really bad for our lungs. Plus, sulphur dioxide can
be extremely harmful to aeroplanes and their jet engines. Aeroplane jet engines run SUPER hot and will
melt sulphur dioxide inside the jet engine. The real danger, however, is when sulphur dioxide resolidifies it
fuses to the turbines as it leaves the jet engines. This clogs the engine and causes it to fail. AHHHHHHHHH!
This can literally make planes fall out of the sky. NOT COOL. The good news is NASA’s PACE Mission can
help. NASA’s PACE satellite will have two multi-directional instruments onboard that can look at a volcano
plume from a bunch of different angles and be able to figure out where, how high, and what direction
that plume and its toxic aerosols are heading. With this information from NASA’s PACE, air traffic
controllers can route planes around these dangerous aerosols and keep them from losing engines and falling
out of the sky. A good thing? YAHHHH We think so!

Get out in the field now with
Eye On Water Australia
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Remember how Dinophysis can give you diarrhea? How will NASA’s
PACE Mission help marine parks to fish and farm in healthy places?
It’s very important for shellfish farmers to be aware of harmful and potentially toxic algae near their
shellfish operations. Along with other phytoplankton species such as Alexandrium, Dinophysis has been
responsible for shellfish closures particularly off Cape Cod Massachusetts USA in recent years. The
advanced technology aboard NASA’s PACE satellite will help scientists see “who’s who” in terms of
phytoplankton communities and allow them to identify Dinophysis in the water, and how long it’s sticking
around. This will help farmers to decided when to plant and harvest shellfish, which will ultimately save
a lot of money and keep a lot of people from getting diarrhea. PHEW!!! Meet Damian Brady and Marié
Smith; early adopters who will use NASA’s PACE to select farming sites for seafood.

Did you know fish LOVE to eat phytoplankton? Nom Nom Nom….
We don’t want to overfish phytoplankton rich waters, so will PACE make
it easier for marine parks to manage overfishing?
Overfishing is a huge threat to our oceans, and it can really hurt all kinds of sea life. When fishermen
remove fish from the water faster than they can reproduce, it leads to that species becoming underpopulated
which has bad consequences for the environment and marine ecosystem. It completely throws off the food
chain. While NASA’s PACE will not be able to “see” individual fish from space, it will provide important data
to be used in marine ecological forecasting models. What does that mean? Scientists take physical ocean
information like water temperature and ocean currents and combine that with what NASA’s PACE sees (like
phytoplankton and light in the water column). With information from NASA’s PACE, fish stocks in marine
park designated fishing areas can be better monitored. This helps marine parks ensure fishermen are
following the rules, and endangered species are protected.

Bush Fire Smoke! Can I go outside safely?
Bush fires release heaps of ash and soot (aerosols) in their smoke plumes that can block the sun, change
the colour of the sky, and effect the air we breathe. Bush fire smoke can also drift across entire oceans
and effect the air quality both locally, near the fire and continents far away. When bush fire plumes
are high in the atmosphere, they don’t directly effect the air we breathe, but as gravity pulls them back
to Earth, these particles can become very dangerous to our lungs and health. NASA’s PACE will be able
to track plumes of fire ash and soot as they rise into the atmosphere and fall out over the ocean and
land. NASA’s PACE data will be used by air quality managers and forecasters so they can advise you if
it’s safe to go outside or if you should mask up before heading out. Meet Heather Holmes, an early
adopter who will use NASA’s PACE data for bush fire/smoke forecasting and air quality monitoring.
Meet all the NASA PACE Mission Early Adopters
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