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Introduction to Earth as a System
The Water Cycle and Climate

The Carbon Cycle and Climate
e CO2 Sources and Sinks Activity

The Nitrogen Cycle and Climate
e Travelling Nitrogen Activity
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. Yes
NoO
. We cover some aspects of the Earth

system in my class but not all.




i I T e e e e i e
Foea 1.:_1'_£T‘ T (T D PR =, 3, A

" CA T L) R R LA s My e = = -
— SRR L e N T - ) E ol e T T = A L e '
LTI e T AT ad S CEAE S, Yoo s T ok s S 3r AN S B e I ot o g =X T
e e T |y e e i T - T A Sl e T R R e I e TS e e LT T | T S e P i S .y

Climate change affects the
Earth system.

Changes in the Earth system
affect climate too.




In this web seminar we will focus on cycles
of the Earth system in which elements and
molecules cycle between the living and
nonliving parts of the planet.

These are called biogeochemical cycles.

We will explore:
 The water cycle

e The carbon cycle

e The nitrogen cycle
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" What i the Water'cy(':le?'

Movement and storage of water
within the Earth system.

The water cycle includes...
*\Water at the surface
*\Water underground

et *Water vapor in the atmosphere

N T T *Snow and ice — although often
g ' considered to be the cryosphere, snow
| and ice are also part of the water cycle.
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The Water Cycle
Earth's water ia slored in ice and Aked AN s,

4 BI)w 1.
the atmosphers and the ocaans Mouse over differen!
parts of the cycle 1o leam more

a SURFACE RUNOFF

Deracritsys tha rmyTiod of ways 0 which bind st e
walof moves downhill 1o jon the oosans and soiuckes
o pnowmel runolt ino streams, siream fow and rver
fliow Water carriad by streama and rivers may be
dolyyed for a tme in akes A ot of unolt evaporates

- ;:
before reaching the ocoan or infiltrates nto the soil

There’s evidence that:
echanges in climate are
causing changes in the
water cycle.

echanges in the water
cycle can cause further
change in climate.
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~ Warming causes increased rate of
evaporation which causes warming.

GJ




How clouds will affect climate depends on:

 Whether the amount of clouds changes as climate changes.

« How proportions of cloud types change as climate changes.
 Whether clouds become higher or lower in the atmosphere.




Blue/green: wetter

Yellow/Zred: drier

Top image -
precipitation change
during December,
January, and February.

multi-model

Bottom - precipitation
change during June,
July, and August.

AL




multi-model
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Cllmate change is causmg
more rain in some places, less rain in others

e Precipitation patterns are
changing in response to
climate change.

In general, areas prone to
drought are expected to
become drier.

In general, wet areas are
expected to receive more
precipitation.
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~= 0 FheCarbonCycle
‘and Climate Change

(And a classroom activity about CO2)




organisms *  Dead organisms
~ and waste products

Decay

Fossils and fossil fuels

”’.

Rool
respiration

e Movement and storage of
carbon (C) through the
atmosphere, hydrosphere,
biosphere and geosphere
of the Earth system

® The carbon cycle is often
divided into a “fast
carbon cycle” and a “slow
carbon cycle”.




e Greenhouse gases

e Carbon dioxide (CO,)

¢ Released from burning fossil fuels, from respiration, and
volcanoes

e Taken out of the atmosphere by plants during
photosynthesis

e Methane (CH,)

e Released from farm animals, manure, landfills, and part
of natural gas deposits

Methane is about 25 times more powerful a greenhouse
gas than CO2

Used as an energy source: burning it releases CO2




The *“fast carbon cycle” includes primarily carbon
moving between the atmosphere, biosphere, and
hydrosphere.

However, most carbon is in deep storage (as
limestone, coal, oil, and gas) moving through the
Earth system on long timescales — the *“slow carbon
cycle”.

Today, burning fossil fuels releases deep storage
carbon into the *“fast carbon cycle”.
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Recent Changes in the Carbon Cycle
Carbon Dioxide in the Atmosphere

current level —»

For 650,000 years, atmospheric CO, has never been above this line ... until now

1950 —»

parts per million

400,000 350,000 300,000 250,000 200,000 150,000 100,000 50,000
YEARS before today (0 = 1950)




the Carbon Cycle
Deforestation

e [orests act as carbon sinks,
taking carbon out of the
atmosphere via
photosynthesis.

In this area of Brazil, a
population boom created
by inexpensive land for
farming caused land use
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Recent Changes to the Carbon Cycle
Increase In Plant Productivity

U Plant productlwty (uptake of carbon by plants) mcreased by 6%
worldwide from 1982-1999 (increase=green, decrease=orange)

e Higher productivity in areas where climate became warmer,
wetter, and/or sunnier (less clouds). -- :




Carbon dioxide, dissolved into the
ocean, forms carbonic acid, lowering
the pH of seawater.

Since the start of the Industrial

Revolution, pH of seawater has
dropped about 0.1. In the next
century it is expected to drop another
0.1-0.35.

More acidic waters make 1t difficult
for marine life such as corals to build
their CaCO3 skeletons.

This can impact marine ecosystems.
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Atmosphere

surface
Ocean
A

You are a carbon atom,

For millions of years you were underground
in fossl fuels. Now, you have been
rekeased into the atmosphere as humans
bum fuels. Did you know that 5000
megatons of carbon are released into the
atmosphere as fossil fuels are bumied each
year?

In this game, you will travel the

Your objective is to get to all the
places that carbon s stored along this map
Eam extra points by correctly answenng
the carbon challenge guestions at the
yellow stars

Click to begin your journey!

You visited:
out of & reservoirs

You answered of
questions correctly

Deep Ocean

P




sl %

|:,1-1.-___:*-‘ =

i - n! B

V|S|t the N 'SA Cllmate Tln"_i‘e I\/'Iachmel!

J¢t Propulsion Laboratory | California Inst

V1A

-

O CHOXICC

» 1,000,000

rd 1980 L= lia) ldcaakld D idd salilag

Thiss visualization shows the amount of arnual fossil fusl emissions produced by e top 12 nations o regions
from 1880-2004. Units are given in thousand metnc tons of carban [C) emitted from fossd fusl consumplion
(Sewrce: U.S. Department of Endrgy)

* Mumbers for 1080-1060 are for the formmer Waest Garrmany

= Murnbers for 18801001 are lor the former Sovat Linkon

Sealce | Sea Uyl Carbon Emissions 1 Average
= ._\ _ Global




1S e Ty (S ‘F"Z-'*-f?;auﬂ.g&‘ e ?r*» T T R e e s i, g s R e

WIe ' e il 13 I F ol AR T F ; : — S E e e i = T :l___alﬂ' 5

sg ,-:.:;;._-,;P.‘S- .JSL EaEsad in B el -—95 PG i T s g e R TO 3 3 Sty

T e CI t N B i e e 1
SRS assroom activity: e S

@~ pere  Tonstir Nancaioss K e Students will use a
S chemical indicator (BTB)
S Cavanann D e A to detect carbon dioxide.

Source: Adapled from Global Climates - MMMWFM EPA

A source Is anything that
releases CO2 into the
atmosphere.

A sink Is anything that
absorbs and holds CO2
from the atmosphere.
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: Are animals a source or sink

of carbon dioxide?

A. Source
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Fill test tube 1/3 full of BTB.
Place straw in test tube.
Place cotton ball at opening.
Gently blow in the straw.
Note the color change.
What happened?







. Fill test tube 1/3 full of BTB.
. Place a sprig of Elodea into
the test tube.

. Wrap the tube in foil so that

no light can get in.

. Leave for at least 24 hours.

. Unwrap the foil and note the
color change.




SeaWIFs animation of photosynthesis
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and Cllmate Change '

(And a classroom activity about the nitrogen cycle)
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e Movement and storage
of nitrogen (N) through
the atmosphere,
hydrosphere, biosphere

and geosphere of the
Earth system.
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Nitrogen (N,)
e 80% of the atmosphere is nitrogen gas.

Nitric oxide (NO)

¢ Pollutant released from burning fossil fuels that
Is part of smog and contributes to acid rain.

Nitrogen dioxide (NO,)

* Pollutant released from fossil fuels, part of
smog and contributes to ground level ozone.

Nitrous oxide (N,O)

* Greenhouse gas from burning fossil fuels, from
farm animals, and fertilizers.

e There is less N20 in the atmosphere but it has
nearly 300 times the warming effect as CO2.
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Questlon
WhICh is a greenhouse gas’?

. N|tr|COX|de (NO)

Nitrous oxide (N,O)
. Nitrogen dioxide (NO,)

. Nitrogen (N,)




Figure 20. U.S. Nitrous Oxide Emissions
by Source, 1990-2008

Million Metric Tons Carbon Dmxlde Equwalent

Agriculture

Waste Management

Industry

oD FUI SIS S N US>
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Source: EIA estimates.
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Summer deaﬂ zone
at the MISSISSlppI River delta

Red atl orange = lots of phytoplankton and sediment
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Classroom act|V|ty
Traveling Nitrogen

Students play the role of
nitrogen atoms traveling
through the nitrogen cycle
to gain understanding of
the varied pathways
through the cycle and the
relevance of nitrogen to
living things.




Students are nitrogen atoms.

Signs around the room mark
the 11 reservoirs that they are
able to travel between.

They roll a die to determine
where they are going next.

Students document their
travels with the passport
worksheet.

- Traveling Nitrogen Passport
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Climate and Global Change on
Windows to the Universe
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http //WWW windows.ucar.edu
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and high school educators

CD 501 — Introduction to Climate Change
CD 502 — Earth System Science: A Climate Change Perspective
CD 503 — Understanding Climate Change Today

http://ecourses.ncar.ucar.edu
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The Global Climate Change Educator Professional
. Development Network Hello everyone! Register at the NSTA
Learning Center for these free climate change web seminars this
spring. And invite all your secondary science teacher friends to
join us too!

Welcome Educators! You have March 12 at 1.50pm - Comment - Like
found the Facebook hub for
the NASA-funded Global
Climate Change Educator 532 people ke this.
ﬁﬂf"ﬂ!nl?ﬂall Development Write a comrnent.
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free seminars, offered Development Network How do we know how climate will change
::[0"#"' NSTA Web Seminars in the future? Join us for this web seminar and learn how climate
§ Spre- models are used to predict the future. Then, we will consider
climate change adaptation and mitigation solutions that are being
implemented by governments and individuals. Classroom
information # :
activities that get students thin...
Founded See More
2010 . Web Seminar; Predicting Future Climate and Considering
Solutions
Time 5:30PM Wednesday, April 28th
tnsights Location (Time listed is Eastern Standard Time)
See Al
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Lisa Gardiner

egardine@ucar.edu




Thank you to the sponsor of
tonight's Web Seminar:
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