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Presentation Overview

» Mostly: demo simulations

* Quick introductions: myself, NCAR, UCAR Center for Science Education
* NGSS & Modeling

* A bunch of quick demonstrations
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About Me

« started in science and
engineering (BS astrophysics, MS
aerospace engineering)

» switched to STEM education
(PhD from Michigan State)

« at NCAR/UCAR in Boulder,
Colorado for 15 years and
counting

» develop simulations and games,
online courses, web pages and
activities, teacher PD (online and
face-to-face)
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National Center for Atmospheric Research
Boulder, CO
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Computing & Modeling at NCAR
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Modeling & Computing at NCAR
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Types of "Models”

Cooling, Rising, Condensing

Air Parcel
Blue dots represent moisture)

Mental Models Conceptual Models

A Rabbits
A Time

W

Computer Mathematical Physical Replicas
Simulations Representations
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Mental Models vs. Conceptual Models

NGSS distinguishes between mental models and conceptual models

“Scientists construct mental and conceptual models of phenomena.
Mental models are internal, personal, idiosyncratic, incomplete, unstable,
and essentially functional. They serve the purpose of being a tool for

thinking with, making predictions, and making sense of experience.”
(NGSS p. 56)

Mental Model: "Bird”
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Conceptual Models

“Conceptual models, are, in contrast, explicit representations that are in
some ways analogous to the phenomena they represent. Conceptual
models allow scientists and engineers to better visualize and understand

a phenomenon under investigation or develop a possible solution to a
design problem.” (NGSS p. 56)
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Conceptual Models

“... conceptual models include diagrams, physical replicas,
mathematical representations, analogies, and computer
simulations.” (NGSS p. 56)

Diagrams
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Conceptual Models

*... conceptual models include diagrams, physical replicas,
mathematical representations, analogies, and computer
simulations.” (NGSS p. 56)

Physical Replicas
& Scale Models
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Conceptual Models

“... conceptual models include diagrams, physical replicas,
mathematical representations, analogies, and computer
simulations.” (NGSS p. 56)

Mathematical Models

Prey population

Predator population

Time

= (birth rate) x (# rabbits)
- (eat rate) x (# rabbits) x (# wolves)

A Rabbits
A Time
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Conceptual Models

... conceptual models include diagrams, physical replicas,
mathematical representations, analogies, and computer
simulations.” (NGSS p. 56)
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Most of Webinar on Computer Simulations

« importance of having students behave like scientists — running models
- not just being told about them

« other topics important too — students constructing depictions of their
own models - concept maps as example of this

« models that only show “connections” via arrows are OK as far as they
go, but limited... what is the math/behavior behind the arrow (this is
often crucial in determining the behavior of the system)... important to
also have students run mathematical models expressed as computer
simulations to see how systems behave (feedback loops, delays,
exponential growth or oscillations)

« visual, interactive, game-like models can allow even very young
students to experience “running” models; better prepares them to
encounter more advanced simulations and models in MS/HS and beyond,
(like math; teach them arithmetic now, knowing they’ll do algebra and
trigonometry later)
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All models are wrong, but...

“Essentially, all models are wrong,
I 144

but some models are useful.

- George E. P. Box (1951)
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--------------------------------

N TR 5 5
=g NGSS on the Limitations of Models i i
: HEPPING E :COF’EF'OPE

"Although they [conceptual models] do not correspond exactly to the
more complicated entity being modeled, they do bring certain features
into focus while minimizing or obscuring others. Because all models
contain approximations and assumptions that limit the range of validity
of their application and the precision of their predictive power, it is
important to recognize their limitations." (NGSS p. 56)

"But as in science, engineers who use models must be aware of their
intrinsic limitations and test them against known situations to ensure
that they are reliable." (NGSS p. 57-58)

[By grade 12, students should be able to:] "Discuss the limitations and
precision of a model as the representation of a system, process, or
design and suggest ways in which the model might be improved to
better fit available evidence or better reflect a design’s specifications.
Refine a model in light of empirical evidence or criticism to improve its
quality and explanatory power." (NGSS p. 58)
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Possible Strategy: Pair Concrete Physical
Demonstrations with Computer Simulations

—
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The Very, Very Simple Climate Model

Instructions

Carbon Dioxide Emissions
(Gigatons Carbon per Year)
5.8

Time step size:

Carbon Emissions (GtC per vear)

Temperature (degrees Celsius)

|5 years a

Show which graphs?

[v] CO2 Emissicn Rate A

|| CO2 Concentration &
13

|¥] Temperature = 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110

Start Over Date (year)
Temperature scale: |Celsius - Highest temperature: | 17 degrees | =
Change Sattings Highest concentration: | 800 ppmv -
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http://scied.ucar.edu/simple-climate-model

The Greenhouse Effect

Solar radiation powers
the climate system.

Some solar radiation
is reflected by
the Earth and the
atmosphere.

About half the solar radiation
is absorbed by the
Earth’s surface and warms it. Infrared radiation is
emitted from the Earth’s
surface.
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Incoming Solar radiation

The Greenhouse Effect

Reflected by cloud
and atmosphere

Outgoing

shortwave

radiation Outgoing longwave
radiation

Reflected

by surface Absorbed by

atmosphere

Greenhouse gases

Absorbed
~ by surface

Surface longwave Absorbed by
radiation surface

Outgoing longwave
radiation

Greenhouse gases

Surface longwave Absorbed by
radiation e surface
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CO, Emissions and a Warming Climate

More
Carbon Carbon Dioxide
Dioxide in the Higher
Emissions Atmosphere Temperatures
° w? o 1
© —
e L
¢ ¢ ¢
People What What
Control This Happens Happens
(input) (output) (output)
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The Carbon Cycle
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) Decomposition Photosynthesis . Decomposition
Soil carbon

Ocean sediment carbon
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Atmosphere Atmospheric -
(800) i ' Carbon Net . ra—

12085} r Annual Increase g STHRTAI
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Surface ocean
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3 Microbial Phytoplankton

respiration and photosynthesis
Soil carbon decomposition

Respiration
and
decomposition

Net ocean
uptake

= Deep ocean

(37,000)
Fossil pool : :
(10,000) Reactive sediments
(6000)
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The Very, Very Simple Climate Model

| [Instructions | 304 800+ 17+
) 28
—— . : 25 700
: 24-
. g 5] BO0 — 164
o — —
Step Forward PI C 201 E 3
| ep Forward | | ay | @ . S o0l O
5 |s :
Carbon Dioxide Emissions =~ 161 © o
(Gigatons Carbon per Year) a 5 400 ‘15 15
10.5 7z 141§ o .
1 = [ ]
- E 124 5 = - ® *
v S a0 & |
Time step size: g 10- “B‘ o .
. T [
e ll S 8 200 T 144 T
L !
G- P
? A
Show which graphs? 4 100. A
|¥| CO2 Emission Aate 4 2
|v| CO2 Concentration ®
0- 0- 13

V| Temperature 19680 1970 1980 1990 2000 2010 2020 2030 2040 2050 2080 2070 2080 20890 2100 211C

| StartOver | Date (year)

Temperature scale: | Celsius v | Highest temperature: | 17 degrees

M

|| Show Warming Limit Targets Highest concentration: | 800 ppmw

My

[ Change Settings |
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The Very, Very Simple Climate Model

| Instructions | 174
]
|
|
— — ':' = =" :- - [ ]
ame : . = - [ ]
- : _L - | [}
L] - - - .
. o . 16+ m
" = : L -
: = [
i |
o ]
) n
il [
e |
Carbon Dioxide Emissions o ]
(Gigatons Carbon per Year) ‘E 15 .
|
20.6 :E -
o [ |
D ]
Time step size: o o
= |
Ll
[ & years - | = m B
144 ———
Show which graphs?
| | CO2 Emission Rate &
[ | CO2 Concentration 5
1 I 1 I I 1 I I 1 I I 1 I I 1 1
|v| Temperature ® 1960 1970 1580 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 211C
|  StartOver | Date (year)
Temperature scale: | Celsius ~ | Highest temperature: | 17 degrees |~ |
| Change Settings | || Show Warming Limit Targets Highest concentration: | 800 ppmy v | l — |
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The Very, Very Simple Climate Model

| Instructions | 304 17
281
o e - 26- .
.. [
Pt 244 . . "
M . A — . 18-
2c __| = 22 @ . -
= 20 L =
T, & [ |
b - ]
w181 i a "
in i u
Carbon Dioxide Emissions = 16 o n
{Gigatons Carbon per Year) a . o 15- -
& 1] [
b @ L n ADAAAANAANAAALAANLAAN
- e e n .
Time step size: &5 10 - - A
= = [ fa
| 5 years - | G 81 = m B AA
144 T Fik
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Show which graphs? 4 4L
|¥| CO2 Emission Rate & 2.
[ | COz2 Concentration q 5
- 1 I 1 I I 1 I I 1 I I 1 I I 1 1
V| Temperature m 1960 1970 1980 1980 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 211C
| Statover | Date (year)
emperature scale: | Celsius - est temperature: |17 degrees |~
Temperat le: | | Highest temperat | |
| Change Settings | || Show Warming Limit Targets Highest concentration: | 800 ppmy v | l — |
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The Very, Very Simple Climate Model

|  Instructions | 30+ 17+
28+
- e 26+
- miba | 24+
L = 22 — 161 gm®="
> 20 7 an""
g e
-E 18 E - u
" - | ]
Carbon Dioxide Emissions 2 1g- b -
"y L i ||
(Gigatons Carbon per Year) 5 1l o 15 =
5.6 ' T [ ]
ks = " ab A
Time step size: 5 104 = - A Aop
E E [ | Fa &
| 5 years v | TS - mE AN 'E"ﬂ.,,
14'. EE i |':"|
m HoB Fa
6 A A A A
Show which graphs? 4 42
|v| CO2 Emission Rate A 2]
|| €02 Concentration & 0
- 13 T 1 T T 1 T T 1 T T 1 T T 1 1
|¥| Temperature  ® 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 211C
| StartOver | Date {year)
Temperature scale: | Celsius v | Highest temperature: | 17 degrees | ~ |
|| Show Warming Limit Targets Highest concentration: | 800 ppmv |

| Change Settings |
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Carbon Bathtub Animations

URL: SciEd.ucar.edu/climate-bathtub-model-animations

Simulations in Earth Science Education
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https://scied.ucar.edu/climate-bathtub-model-animations

Constantly Rising Emissions

| Instructions | 30+
]
. 28+ m
L] E : .
=== - 261 .
. ' . f 24 . |
T —_ m
.-1“1' 0 o L o0 | ]
w ]
> 20- 0 A’
Step Forward Play T n Fa
& n &
g 187 [ n b
E | ] A &
Carbon Dioxide Emissions = 15- = [ | A D
(Gigatons Carbon per Year) ¢ o 157 - Bt
2 144 - i)
20.6 7 (T [ ] M
E 12+ "E A fal
e 5 - mog A
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= E n® A
| 5 years - | G 81 [ 144 l.aﬂ..&
m BN AR
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Show which graphs? 4 4L
|¥| CO2 Emission Rate 4 2]
[ | COz2 Concentration & q 13
V| Temperature ® 1960 1970 1980 1980 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 211C
| Sartover | Date (year)
Temperature scale: | Celsius ~ | Highest temperature: | 17 degrees |~ |

|| Show Warming Limit Targets Highest concentration: | 800 ppmv v |

[ Change Settings ] [ Credits ]
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Emissions Rise, Then Level Off

| Instructions | 230+
281
pre— i - +.-.|. . EE—
il g a " |
P l. = 24— . .
a0 T 22 S m
204 m
Step Forward Play . .
|
18+ .
]

Carbon Emissions (GtC per yvear]

Carbon Dioxide Emissions 16 = n
(Gigatons Carbon per Year) . o 15- -
1 . - .
3 s [ | ALALAAAAAAAALAAALALAAAN
T - g
Time step size: 10 - A
E m® A
| 5 years - | 8 e | mE L AA
m BB !
G P
Show which graphs? 4 4L
|¥| CO2 Emission Rate & 2.
[ | COz2 Concentration q 13
|v| Temperature 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2080 2070 2080 2080 2100 211C
| StartOver | Date (year)
Temperature scale: | Celsius ~ | Highest temperature: | 17 degrees |+ |
|| Show Warming Limit Targets Highest concentration: | 800 ppmv v | l Cradits |

[ Change Settings ]
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Emissions Rise, Then Fall (to 1970s level)

| Instructions | 30+
281
- _— 26-
!I! e | 24-
ER - a
& = — .
. L - E 22 .. a R |
C 204 g "
Step Forward Play @ - u
L 184 . "
] [
Carbon Dioxide Emissions = 15 n
(Gigatons Carbon per Year) = o 15- .
S 14
5.6 n s ]
2 = " A8 A
E 12- 5 n B B A
Time step size: & 10 = - A hop
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Show which graphs? 4 I
|¥| CO2 Emission Rate & 2]
[ | CO2 Concentration & q 5
- 1 I 1 I I 1 I I 1 I I 1 I I 1 1
V| Temperature m 1960 1970 1980 1980 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 211C
| Sartover | Date (year)
Temperature scale: | Celsius ~ | Highest temperature: | 17 degrees |~ |
|| Show Warming Limit Targets Highest concentration: | 800 ppmv v | l Cradits |

[ Change Settings ]
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| Instructions |

Carbon Dioxide Emissions
(Gigatons Carbon per Year)
5.6

Time step size:

[ & years

il

Show which graphs?

|| CO2 Emission Rate &
| €02 Concentration &

|| Temperature m

| Start Over |

| Change Settings |
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Tree Rings - Dendrochronology - Paleoclimate

« Have students work with actual tree cookies (counting annual growth
rings) BEFORE using the tree ring simulation
* Help students make connections between concrete, physical object and

the abstract computer simulation

Simulations in Earth Science Education
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Choose a Tree to Match: | Always Normal =

Grow New RemO\}e
Ring Last Ring

. Temperature Moisture

Wwarm = Wet =

Normal || Normal ~

Year | 2 3 4 5 6 7 8 9 10 11 12 13 14 15

e U
S YT, e
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Which is hotter on a sunny day?

Draws on personal experience — concrete experience paired with abstract simulation
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Earth’s Energy Balance

Energy In =
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Earth’s Energy Balance

o0 B s s

Brightness (% Sun) Albedo (%)

2 —

Pick a surface...

Grassland Celsius v

Desert Sand
Ocean
Fresh Snow or Ice
4/ 4 AT e Old, Melting Snow or Ice
Sl Sca Ice
Asphalt
Clouds
| The Moon
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LASP Kelvin Cllmb

Plcme’r[.)‘ggner Kelj,;"

DISTANCE

| ALBEDO
r

Albedo

0.1672

© What's this2

alnjpiadws] Apogyon|g

=] . ]
| «RACK | NEXYT»
and distan <

Paint the plonef to see how coloring affects albedo, and note how the albedo

affects the planet's blackbody temperature.
Click 'Next' when finished

UCAR ®REDUCATION Simulations in Earth Science Education



Add an Atmosphere with Greenhouse Gases

Atmosphere thickness: Moderate

—

DisTance Mars Earih

ALBEDO Greenhouse strength: Moderate

ATMOSPHERE —

Atm.
pressure
Tip: increase atmosphere thickness (bars)
to enable a stronger greenhouse.

This planet could have
1 lakes of liquid water. Its
atmosphere could contain
‘| nitrogen or oxygen, and
. may contain greenhouse
| gases such as carbon
dioxide or methane.

N
.
i o
Y Eal

ainjpiadws] 8ooung B

Change the atmosphere thickness and greenhouse strength and see what your
planet might look like from the surface. thn‘ sort of ofmosphere is required in order
to have liquid water on your planet2 C next' when finish
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Change distance from Sun

Mass

e —

AvqI density
Planet mass
(Earth masses)
Planet radius
(Earth radii)
Avg. densi o
a7y
Avg. distance
fom Sun. (AU]

0
'l P NEVT w
N AN AN LN »~

ainoisduws] Apogyon|g

- R A
- AN

*Sizes and distances not fo scale
This is a completely black planet with no atmosphere. Drag the planet to
change its distance from the Sun, and adjust its mass and density to see how
temperature is affected. Click 'Next' when done
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Greenhouse Effect
Teaching Box

URL: SciEd.ucar.edu/teaching-box/greenhouse-effect
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http://scied.ucar.edu/teaching-box/greenhouse-effect

PhET (U. Colorado) — Greenhouse Effect

File Help

[ Greenhouse Effect

rLegend

Sunlight photon

& Infrared photon

rGreenhouse Gas Concentration—,

None i " Lots
rAtmosphere during...
*) Today
1750
Ice age

Adjustable concentration
-Greenhouse Gas Composition

H,O  70% rel. humidity
CO, 388 ppm
CH; 1.843 ppm

NO 0.317 ppm

~Options
0 2| Number of Clouds

v Thermometer
* | Fahrenheit Celsius

View all photons

Reset All

slow fast
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File Help

Greenhouse Effect Glass Layers I Photon Absorption \

Build 7 A
Atmosphere ‘Q}.

CH, 1| Molecules

6 Molecules

_ Infrared _, -
Photon >

2 Molecules
Visible
Photon

13 Molecules

5 Molecules
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Concord Consortium - Greenhouse Effect

W p @

slow fast
Show:v Gasesv Raysv Heat

Erupt! Remove CO,

Follow energy packet Follow CO,
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[4 4

slow fast

Show:v Gasesv Raysv Heat

Erupt! Remove CO,

Stop following Follow CO,
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c Share About =

Key Zoom
15
€ 10
g
2
o
5 5.0
(=}
§
" o0
-5.0
2010 2020 2030 2040 2050 2080
Time (year)
N > G
slow fast
Zoom
Show:v Gasesv Raysv Heat 100
g = GO, in Atmosphere
g 80 ' '
Erupt! Remove CO, @
£ 60
Follow energy packet Follow CO; 8
G 40
&
] —_—
=
[
g 20
G

0.0
2010 2020 2030 2040 2050 2060
Time (year)
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Atmosphere Model — Hands-on Activity

Earth’s Surface

)
/0 0
0|00
°o0

0 00
©/e00

Lower Atmosphere

oo
%00
o0/ 0o
© 000

Lower Atmosphere

LICICIC)
' e[0/o0

Upper Atmosphere

oo ||

000
Upper Atmosphere
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Identical Models Equivalent Models
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Carbon Dioxide - Various Models of Molecules
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Marshmallow Models of Molecules

Simulations in Earth Science Education
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Molecules in Earth Science

Gases in Earth's Atmosphere

Nitrogen

Nitrogen
(0)

- -
Carbon everything else
Argon Dioxide (Ne, He, CH,, etc.)

\Argon
1%
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Why so much nitrogen? Triple bond!
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Molecules in Earth Science - Greenhouse Gases

Trace Gases and the Greenhouse Effect

6% scattered from
/ atmos phc re Outgoing longwave

20% scattered

and reflected 19% absorbed by

by cloud atmosphere and : - —
clouds Greenhouse gases

4% reflected .
by surfacc S Surface longwave
51% absorbed e radiation

/ by earth
«.,MWET Program

# 2

©The COMET Program

« most sunlight passes right through the atmosphere
« some infrared “light”
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Greenhouse Gas Not Greenhouse
Molecules Gases
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Shape -> Vibration Energy -> GHG (or not!)

Carbon
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Glaciers Then and Now Activity
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_ i Threaded
Model a Moving Glacier \ Poles

Activity ("Glacier Goo")

-\ Flubber
| Aﬂa resenof

N Plexiglass
)\ 1XC

"

| Y e\ 150-grit
: sandpaper
"
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PhET (U. Colorado) - Glaciers

File Help

Climat

Sea-level air
temperature: g 4

units: © English @ metric

B equilibrium line

Average

snowfall % snowfall: o o

‘ £ £ Show real Set glacier to
10 years sléw ) |\’_)’ I glacier steady state Reset All
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Levels of Interaction with Simulations/Models

* Run the Model, observe the results

« Adjust inputs/parameters, run the model more than once, see
what is different

* Modify the model - can be as simple as changing some
constants or the relationships between variables (exponential
growth versus linear trend), or may involve adding whole new
sections to the existing model

« Construct a model from scratch — Spreadsheets an easy way,
but also block programming languages like Scratch

@z CENTER FOR SCIENCE
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File Help

, Introduction

Clim

units: English metric Sea-level air
o ng'ls ‘ temperature: 55.4

@ equilibrium line

Average
snowfall % snowfall: ¢ o

Show real Set glacier to Reset All

204 BASA I 0 el \'\Z)) ) glacier steady state
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Cycles in the Earth Sciences

()
ATTNOSPHETE
516

Land or Surface Water =
360
1,400,000

Underground Water’¢
15,300
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Nitrogen Cycle Game

Surface
Water

Gaseous Losses

Organic" Residues
Plant Consumption R

Denitrificatm/ i Organic Matter
l Mineralization

w o
Nitrification 7@ Ammonium
/
// \Fixat/on
e *{ Clay Minerals

through bacteria
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Atmosphere

Put 3 stamp 00 your passport and thea roll the dwe
10 s00 where you will ravel next!

M your die reads: 1.0 2
Lightreng stres! NOQon 034 &5 Prake 0 3 5083 and ravels 10 e soif

M your dio reads: 3
D050 3530 30 B ChINgE you N0 3 5080, BANGING You 10 T 308

M your dw reads: 4
Bean plants extract you $om the ar 3nd teing you 1 the ol

1 your die reads: § and 6
Some NErogen Can Qet Ino the water In clouds and then tal s rain!

PUt 3 SEImp 0n Your PIsSport and then oWl the e
10 500 where you will wavel next!

M your die reads: Odd numbers (1, 3, or 5)
The animal i3t you are within has ded. GO 10 dead plants and animals.

M your dw reads: Even numbers (2, 4, of 6)
Coopratuations! Tho animal tThat yOu were Wihin has 0XCreded and you are
in &5 waste. GO 10 animal waste!
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Nitrogen Cycle Game

LV S Sk
PUT3 SEAmD 0 YOI PISIPOFT 30 thers 1ol the e
£0 300 Wiere yOu will waved naxs!

If your de reads: 1
Yous £ 0 3 ki O S303M 50 NOW yOu 38 DT Of SETaCe water,

1 your G reads: 2 or )
Yors 1 00 0 63 303 become pat of the solll

1 your G reads: 4
Yo peccolyte Goep Ladeeground in 1he groundwater!

1t your de reads: 5o 6
You ran nto e ocean!

Dead
Plants
and &9
Animals

X

PUt 3 $2amp 00 YOUT PIESPNT And T FOll the BN
10 300 Whevo you will travel next!

1 your G reads: 1.ce 2
You are Gecomponed and become part of e soll!

If your @ reads: 3
You arn Gecomposed and become dasoived I surface water!

1f your G reads: 4
You are Gecomposed and become dssaived n the ocean!

11 your dhe reads: $ ce 6
Forest Frel The wood you were within is bumt and you hirve been released
w0 T atmosphice.

Surféc
Water

Put 3 S2amp 0N yOur PISSPON and then roll the e
10 s00 where you wil travel nert!

It your G reads: 1 o 2
You are past the sont of nirogen Tat plants need 10 Ive. You are now within
2 tve plany

If your G reads: Sor 4
You travel (ROUSH Tho Mvers 30d $¥eams 10 T ocean!

It your die reads: 5 o¢ 6
Yo porcokat e LOSMGroUnd I the Groundwater!

PuT 3 S12mp 0N your passport and then roll the de
10 500 where you will travel next!

1t your dhe reads: 1
You Gissolve and wash nlo e groundwater!

If your dwe roads: 2
You G530N0 363 wash N0 10 surface water!

1t your de reads: 3 oe 4
You ane st e 50t of RRr00eN That plants Need 10 Ive. You are now wihin
2 teve plant!

1f your de roads: § ce 6
Bactena have transformed you Into AETOoNN G3S and you e Now part of e
atmosphere!

Put a stamp on yowr passport and then rodl the die
10 500 where you will wavel next!

M your dhe reads: Odd numbers (1, 3, or 5)
The plant that you 270 witn has ded. GO 10 dead plants and animals,

M your dhe reads: Even numbers (2, 4, of 6)
An anmal has eaten e plant Tt you e wihinl Go 10 Ive animals!

(K
V) e

Put a stamp on your passport and then 1ol the ok
10 300 where you will vavel next!

M your die reads: 1 o 2
Lok oot bokoro 3Omecnt $1ps I youl Now you 20 decomposing In B
sodl!

M your die reads: 3o 4
A supply comgany has pckied yOu Up and made you nfo fertilizer!

M your die reads: S o 6
Whar's Tt in e water? You have dissoived 6o surface water!
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Nitrogen Cycle Game - Stations

Put a stamp on your passport and then roll the die
to see where you will travel next!

If your die reads: 1
You fall into a lake or stream so now you are part of surface water.

If your die reads: 2 or 3
You fall on the land and become part of the soil!

If your die reads: 4
You percolate deep underground in the groundwater!

If your die reads: 5 or 6
You rain into the ocean!
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The Nitrogen Cycle Game

Passport Worksheet

Directions:

1. Stamp your start location in the space below.

Start location

o

Roll the die to find out where to go next.

Write How [ traveled in the Trip #1 (see example at nght).
Go to that station and stamp the Trip#1 Where | went box.
Then, roll the die to find out where to go for Trip #2.

Name:

A T T e ey Ly T e R Sy Y]

PR LR LR e NS R RN Y X

Guess what! In this game you are a nitrogen
atom. You are going to travel the nitrogen cycle
stopping in many exciting locations - some of
which you probably never have been to before.

For each stop along your journey, remember to
record where you went and how you got there.

Here's an example of how to fill out each stop

T T T T T P T e T Y

LT Y

along the way: Iyios1 How | traveled: : Where | went:

&

RERRIAIARERERAIAY

[T T Y YT P

Fertilizer
washed.
inke sktrearn

LI LT T e PR R R Ly

AP A R AR PR A R A AR P A AR PR R P A RPN

Trip #1:How | traveled:

gWhere | went:

Trip #5:How | traveled:

Where | went:

Stamp above

Trip #2:How | traveled:

Trip #6:How | traveled:

: Where | went:

Stamp above

Trip #3:How | traveled:
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EWhere | went:
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Trip #7:How | traveled:

Where | went:




Food Chain Checkers
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Food Chain Checkers
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Food Chain Checkers
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Food Chain Checkers
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“Essentially, all models are wrong,
but some models are useful.”

- George E. P. Box (1951)

NGSS:

“Because all models contain approximations
and assumptions that limit the range of validity
of their application and the precision of their
predictive power, it is important to
recognize their limitations.”

“... and suggest ways in which the model might
be improved to better fit available evidence...”
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Collection of Sims/Games on Climate

URL: SciEd.ucar.edu/games-sims-weather-climate-atmosphere
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https://scied.ucar.edu/games-sims-weather-climate-atmosphere

