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Some of our games originally
developed for exhibit touchscreens
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Exhlblt Touchscreens
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Similar to development

for mobile touch devices

(smartphones, tablets)
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All models are wrong, but...

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

- George E. P. Box (1951)
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Modeling Planetary Energy Balance

» Calculate theoretical temperature of a planet with some simple math
* Discover that Earth would be frozen without the greenhouse effect

Energy In =

Science Topics

* Blackbody Radiator and the Stefan-Boltzman Law
» Conservation of Energy (Energy In = Energy Out)
» Albedo
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Earth’s Energy Balance

[ses L ] s W

Brightness (watts per square meter) Albedo (%)
- ?

4 [ Brightness x (1 — Albedo)

Temperature = < 1 ; v " / -
TR W [ Kelvin 4]
\ A P, T
L “r A LWk i
Hide Math

Brightness (watts)

URL: scied.ucar.edu/earths-ener
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https://scied.ucar.edu/earths-energy-balance

LASP' Kelvin Climb
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DisSTANCE
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Albedo
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@ whats thisz

2 i |
| aBACK | NEYTS 1
distanc

Paint ’rhe planei to see how coloring affects albedo, and note how the albedo
aﬂ‘ects the pl-:met s blackbody temperature.

Click 'Next when finished.

URL: lasp.colorado.edu/home/education/k-12/project-spectra/kelvin-climb-interactive
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http://lasp.colorado.edu/home/education/k-12/project-spectra/kelvin-climb-interactive/

Add an Atmosphere with Greenhouse Gases
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PROGRESS

_P"'Ilqri.e’r D Signer Keil"_;_

Atrmospheres thickness: Moderate

DisTANCE

ALBEDO Greenhouse strength: Meoderate
—
ATMOSPHERE —y L

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

This planet could have
| lakes of liquid water. Its
atmosphere could contain
| hitfrogen or oxygen, and
. may contain greenhouse

| gases such as carbon
dioxide or methane.

alnjpiaduia] aopunsg Bay [

S nd disic =
Change the atmosphere thickness and greenhouse strength and see what your
planet might look like from the surface. What sort of atmosphere is required in order
to have liquid water on your planet? Click 'next' when finished.
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Change distance from Sun

PROGRESS

| DisTANCE

Planet mass
{Earth masses)
Flanet radius
(Earth radii)
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kg /fm
Avg. distance
ﬁ'ﬂl‘jnSun (AU)

" | «BACK | NEXT»
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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NASA Spreadsheet: GEEBITT

-

minigeebitt_a3 (1) [Compatibility Mode] - Microsoft Excel

)

ICNCI R

3.85E+26

Current Luminosity of the Sun (Watts)

Home Insert Page Layout Formulas Data Review View Add-Ins Acrobat @ - O X
o h . =] xi . T Da Jnca - A
_1 &% ot o -] == =5 [Ez| Conditional Formatting a'= Insert = 5}| [ﬁ
_ 53 |'$ ~ % * || % Format as Table I Delete Ij - =
Paste B 7 U - A === i= o e Sort & Find &
Sl | U ||| < [[|E = = ] ) Cell Styles HEl Format = || (2~ Filter - Select~
Clipboard ™= Font Alignment Mumber Styles Cells Editing
albedo_planetary a... » ([ 5 | 0.31 ¥
i B C D E F G H | B

Solar Energy Reaching the Planet's
Surface Each Second {Waﬂﬁ!meterzl
Average = Maximum =
Energy Absorbed At the Planet's
Surface Each Second [l.-'\.faﬂ_*..*meterzl

Average - T8 ] Mavimum - 9555 ]

1367.17

Distance From Sun (Astronomical Units)

alalE@ala]=a]aa]=
I B RN E E R T B el e e

Average Reflectivity of the Planet (or albedo)

Planet With Albedo

Known Average Albedo®
19 {planetary albedo)
20 (unitless)
29 Mercury 0.11
22 Venus 0.76
23 Earth 0.306
24 Mars 0.25
25 Jupiter 0.34
26 Saturn 0.34
27 Uranus 0.3
28 Neptune 0.29
29 Pluto 0.3
M 4 » »[ Title Page -~ (1) Distance of Planet | (2) With Albedo - ¥2 0
Ready

URL: icp.qgiss.nasa.gov/education/geebitt
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Greenhouse Effect

Greenhouse Effect . "

Sunlight photon

&+ Infrared photon

Greenhouse Gas Concentration
U
None | ” Lots

Atmosphere during...
@ Today
1750
Ice age
Adjustable concentration
Greenhouse Gas Composition
4 rel. humidity
CO, 283 ppm
CH, 1.843 ppm
NoC 0,317 ppm

Options
1+ Number of Clouds
| Thermometer
o Fahrenheit Celsius

View all photons

het.colorado.edu/en/simulation/greenhouse
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http://phet.colorado.edu/en/simulation/greenhouse

Greenhouse Effect — Concord Consortium

About these graphs

.y Temperature Change
solar radiation

@& carbon dioxide

;1'3 ,___/','\H
o 5.00
® heat E ~
= 0.00 !
=
_
-5.00
2015 20240 2025
Time (year)

COz in Atmosphere

Greenhouse gases in the model

20.0 I
— 200 2016 2018 2020 2022 2024
H " El'LIpt! Remove COE Show: LY Gases Time [year)
Y _ -
- () ) oy Stop following Follow CO2 - Rays
Heat

What is the future of Earth’s Climate? module

URL: concord.org/stem-resources/what-future-earths-climate
URL: authoring.concord.org/activities/279/pages/1736/c05ea8e7-f131-447d-8b68-ef31¢c4d2206b
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Greenhouse Effect — Little Shop of Physics

What is a “model”? activity

URL: littleshop.physics.colostate.edu/activities/atmosl/WhatlsAModel.pdf
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http://littleshop.physics.colostate.edu/activities/atmos1/WhatIsAModel.pdf
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Monash simple climate model

Scenarios with external forcings

Language: Enalish

Input

Scenario:
IPCC RCP8.5 CO2-forcing v

CD2 Farcing
E
o
< 000
=
k=
E
=
% S00
2 — control
a — i
2 0 SCENEro
1950 2000 2050 2100
tirme [ers]
Output
Variable:
Atmospheric temperature v

compare two scenarios

Time Series

Scenario: IPCC RCP 8.5 CO2-—forcing

annual mean year: 2010

Stop || - | + || Continue |

URL: monash.edu/research/simple-climate-model/mscm/index.html
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http://monash.edu/research/simple-climate-model/mscm/index.html

Columbia University - EAGCM

URL: edgcm.columbia.edu
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http://edgcm.columbia.edu/

Very, Very Simple Climate Model

l Instructions

Carbon Dioxide Emissions
(Gigatons Carbon per Year)
5.8

Time step size:
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|5 years v

Show which graphs?

|v| CO2 Emission Rae A

|| 02 Concentration &
13

\v| Temperature ® 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2080 2070 2080 2090 2100 2110

|  StartOver | Date (year)

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

| Change Settings | Highest concentration: | 800 ppmv > |

URL: scied.ucar.edu/simple-climate-model
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https://scied.ucar.edu/simple-climate-model

Compare Graphs of IPCC Scenarios

| Scenario B1 > |

Credits

The B1 storyline and scenario family describes a
convergent world with the same global population, that
peaks in mid-century and declines thereafter, as in the
A1 storyline, but with rapid change in economic
structures toward a service and information economy,
with reductions in material intensity and the introduction
of clean and resource-efficient technologies. The
emphasis is on global solutions to economic, social and
environmental sustainability, including improved equity,
but without additional climate initiatives.

Population: Low (~7 billion in 2100)

Economic Growth: High

Primary Energy Use: Low

Land-use Change: High (increased forests, decreased
cropland & grassland)

(GIC yr)

1000

(ppm)

(*C above 1980-2000)

History

30
20
10

Fossil CO, Emissions

/-\.

800
600
400

CO, Concentratians

]

NoWw R Oy

1900

Global Mean Temperature

1950

2000

2050 2100

| Scenario A1FI > |
Scenario A1FI
Scenario A1B

Credits

ario family describes a future
e ic growth, global population

Scenario AT " Ind declines thereafter, and
and more efficient

Scenario B1 :‘ing themes are convergence
among regions, capacity building and increased cultural
and social interactions, with a substantial reduction in
regional differences in per capita income. The A1
scenario family develops into three groups that describe
alternative directions of technological change in the
energy system.

The three A1 groups are distinguished by their
technological emphasis: fossil-intensive (A1FI), non-
fossil energy sources (A1T) or a balance across all
sources (A1B) (where balanced is defined as not relying
too heavily on one particular energy source, on the
assumption that similar improvement rates apply to all
energy supply and end use technologies).

Population: Low (~7 billion in 2100}

Economic Growth: Very high

Primary Energy Use: VVery high (primarily fossil fuel
sources)

Land-use Change: Low

(GIC yr)

30
20
10

1000

(ppm)

(°C above 1980-2000)

800
600
400

[ R " VR -V, o)

1900

History ATFI

Fossil CO, Emissions

CO, Concentratians

Global Mean Temperature

1950 2000 2050 2100

Version for 5™ Assessment Report under development

URL: scied.ucar.edu/compare-ipcc-scenarios-interactive
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Climate Sensitivity Calculator

(B

o 2 (B .
Carbon Dioxide Concentration (ppmv) (.J
400 J c -
4 A
Average CO, in ... temperature
Temperature . atmosphere goes up
. 15.2°C doubles... 3 degrees
Climate Sensitivity:
lﬂdegre&s Celsius ~ | ‘) ‘) 18° =
Baseline CO2 Concentration & Temperature: J =
. 15
l‘r’ear: 1820, CO2 = 280 ppmv, Temperature = 13.7°C  ~ | l Credits J U c

URL: scied.ucar.edu/climate-sensitivity-calculator
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-

Decomposition Photosynthesis Decomposition

Soil carbon

Ocean sediment carbon

URL: scied.ucar.edu/carbon-cycle-diagram-doe Slide #21



Climate Bathtub Animations

URL: scied.ucar.edu/climate-bathtub-model-animations
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Climate Interactive — Climate Bathtub Simulation

The Climate Challenge: Our Choices
IOW PLAYING Choose a plan of action

l ALLOW INCREASED LEVEL OFF COz [ REDUCE COz EMISSIONS
COz EMISSIONS EMISSIONS

=
]
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[
[
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=]
=]
=
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(4]
b
=]
1]
B
=]
—
=]
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COz In The Atmosphere

After 2007

m COz In The Atmosphere )
3 % 22007 Schiumberger Lid

www, seed slb.com

URL: www.climateinteractive.org/tools/climate-bathtub-simulation
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https://www.climateinteractive.org/tools/climate-bathtub-simulation/

Climate Interactive — MIT Greenhouse Gas simulator

Bathtub Dynamics and Climate Change

Also:

« World Climate roleplaying

L |
- activity
p—  World Energy
« En-ROADS, C-ROADS and
550 C-Learn
500 — Goal
£ 450 o
& 400 -
350 =
300 pemm ="
1900 1950 2000 2050 2100
l CO2 Emissions and Net Removal

® C0: Emissions  '®Met Remaval

4
= Proportional .
_Sink Saturation ‘

_ Positive Feedback 1900 1950 2000 2050 2100

GtC/year

| ouTELOW
CONTROL

URL: www.climateinteractive.org/tools/mits-greenhouse-gas-simulator/
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http://www.climateinteractive.org/tools/mits-greenhouse-gas-simulator/

g ~ A X h

Energy Generated CO; Emissions Cost per Kilowatt-Hour Environmental Impact Support / Resistance

Introduction [ Petroleum [@§ Coal | J§] Natural Gas | %® Nuclear [ Hydro [§ Biofuels gFqwind [JSolar [ Geothermal Help Results

Matural gas is a non-renewable fossil fuel. People burn natural gas to heat buildings, cook )
food, generate electricity, and power vehicles. Natural gas supplies nearly one-quarter > B Natural Gas Overview
(22.9%) of the world's energy - about 31.7 pettawatt-hours per year.

¥4 Amount of Energy from Natural Gas

Natural gas is relatively "clean" compared to other fossil fuels. Burning natural gas emits
much less carbon dioxide per kilowatt-hour of energy produced than does burning » [#® carbon Dioxide Emissions
petroleum or coal. Natural gas is more challenging to store and to transport than are other fossil fuels.

. —_— + [ Cost of Natural Gas
| Natural gas shall be used to produce 25 « petawatt-hours of energy.

150 #H Natural Natural gas costs about $14 per
¥ tis reasonable to assume that natury 140 | lits' 200 ~ kilograms of carbon dioxide for every megawatt- HE Gas price thousand cubic feet sold to
130 #0 residential customers. That
hour of energy produced. 120 ® works out to about 4.7 cents per
110 45 kilowatt-hour of energy
[ 1t is reasonable to assume that natury 100 | ks| 3+ | cents per kilowatt-hour of energy produced. 3 (per thousand produced. When used to
23 2 cubicfeet) gonerate electricity (instead of
0 for heating), natural t
; : . - 1970 1930 1990 2000 2010 g), natural gas costs
il The impact on the environment caus gg use of natural gas is | Slightly Bad - . about 3.7 cents per kWh of
55 electricity delivered to customers.
'Z] The public, businesses, and/or gover 50 somewhat Support  ~ |use of natural gas.
45 The price of natural gas had remained quite steady for
40 many years. As shown in the graph, prices throughout
35 most of the 1980s and 1990s hovered around $6 per
30 thousand cubic feet. However, the cost of natural gas
rose sharply in the past decade as prices more than
20 doubled during that time.
15
10 -

v [l Environmental Impacts of Natural Gas

(2] Support for or Resistance to Natural Gas?

URL: scied.ucar.edu/ruler-world
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https://scied.ucar.edu/ruler-world

BBC Climate Challenge

FESINIRGES
B = resources used
: by next turn

URL: www.bbc.co.uk/sn/hottopics/climatechange/climate challenge
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http://www.bbc.co.uk/sn/hottopics/climatechange/climate_challenge

Tree Rings - Dendrochronology

Add Yearly Growth

Remove Last Ring

4 }

New Game
.

Hide Specimen Tree

This Year's
Temperature @
. Cool . Normal .= Warm

This Year's
Precipitation

= Dry _ Normal . Wet

st

Warm Wet
Normal Normal
Cool Dry

1 2 34 56 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Year

Hoping to make a suite of paleoclimate sims; ice cores, sea sediments, etc.

URL: scied.ucar.edu/tree-ring-interactive
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Glacier Model - PhET
| Introduction \ Advanced PPIET

Climate

units: @ English @ metric Sea-level air
temperature: 55 4
[ =quilibrium line
Average |
E snowfall snowfall:

G -~ Show real Set glacier to
75| years . |®* Q})‘ steady state Reset All

slow .

URL: phet.colorado.edu/en/simulation/qglaciers
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http://phet.colorado.edu/en/simulation/glaciers

NASA’s Climate Kids —Power Up!

R 4

B
1.01 5 P2
Time Left or use arrow Keys

URL: climatekids.nasa.gov/power-up
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http://climatekids.nasa.gov/power-up/

NASA’s Climate Kids — OFFSET!

-

URL: climatekids.nasa.gov/offset
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http://climatekids.nasa.gov/offset/

Atmospheric Chemistry Memory Game

Easy Level
Advanced Level

. =
Includes the GHGs carbon dioxide and methane

Advanced level: compare equivalent, not identical, representations

URL: scied.ucar.edu/molecules-memory-game
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Cloud Sorting Game

Sort Clouds by Altitude

Your Score is 75 points.

 Instructions  Choose Level |
| Credits  start Over

URL: scied.ucar.edu/cloud-sorting-game
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https://scied.ucar.edu/cloud-sorting-game

El Nino Sorting Game
Sort It Out: EL Nifio or La Nifia EINifo warmer thannormalwater

-
N
o, 051
L

ez NIzad=a

Fab 1959

yomal 1N AEA SR

Plans for a “Sort Molecules: Greenhouse Gas or non-GHG” version

URL: scied.ucar.edu/enso-sorting-game
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Virtual Ballooning — Atmosphere Layers

Flights left: 1

SRt b
23 km

E
=
2 30
2
=
=

Altitude Recording Interval:
4 km

{] L] 1 T 1 1 L] 1 1 ] 1 1
-8 -7C -6 -5( -4 =30 =20 -1C 0 10 20 ac

Temperature (degrees Celsius)

URL: scied.ucar.edu/virtual-ballooning
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https://scied.ucar.edu/virtual-ballooning

Atmosphere Layers

Spy Plane \
- %

_ \
Dzone Layer Polar Stratospheric

Weather e Mesosphere °
» Balloon

otratopause

| Stratosphere

A
L
-
|
T
u
D
E

moc—A—-r»

Stratocurulus Clouds

T.rnpusphere

URL: scied.ucar.edu/shortcontent/troposphere-overview
URL: scied.ucar.edu/shortcontent/stratosphere-overview

UCAR®
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https://scied.ucar.edu/shortcontent/troposphere-overview
https://scied.ucar.edu/shortcontent/stratosphere-overview

Southern South America - Temperature

Compare Maps of Future Climate Projections

IMap: | South America - Northern v | Temperature * IMap:| Southern Africa v | Temperature v

World

Arctic & North Pole

High Northern Latitudes
North America - Western
North America - Eastern
Central America & Caribbean
South America - Northern
South America - Southern
Europe - Northern & Central
South Europe & North Africa
Central Africa

Southern Africa

West & Central Asia

Pacific Ocean & Islands
Antarctica

Temperature Change (degrees Celsius)
| [ I [ [
2 15 1050 05 1 15 2 3 4 5 7 9 M

Precipitation Change (percent)
I I [ [ I
-50 -40 -30 -20 -10 O 10 20 30 40 50

Southern Africa - Temperature

« temperatures are very likely to rise throughout South « temperatures are very likely to increase throughout
America Africa

« the greatest temperature increases are expected in
the southern parts of the Amazon

« the center of the continent is likely to warm more
than coastal areas

« Compare two different places, or

Map: | North America - Eastern v | Temperature ¥

Eastern North America - Temperature

« surface temperatures are likely to rise throughout

Map:| North America - Eastern v | Precipitation v |

e
- LS
7 ﬁ?\\‘a‘x'

Temperature Change (degrees Celsius)
| [ | [ |
2 -15 -1 05 0 05 1 15 2 3 4 5 7 9 1

Precipitation Change (percent)

I [ [ [ I I
-50 -40 -30 -20 -10 O 10 20 30 40 50

Eastern North America - Precipitation

« precipitation is likely to increase in the northern half
North America of North America

« during winters, warming is expected to be greatest in

Alaska, Canada and Greenland

« during summers, the areas with the most warming

shift southward to Western, Central and Eastern
North America

« Compare temperature vs. precipitation for same place

URL: scied.ucar.edu/compare-climates-reqional-future-selector
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