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Summary

We are modelingarbon dioxide €O,) emissions in the U§iven off by different
sources including cars, houses, and factoviésare also modeling the sinkket take in
CO; and convert it to xygen. TheStarlogoagents in oumodelconsists of tre@plants,
ocean, cars, housdactories, and aibubbles. Over timée ar bubbles will change into
two different statesblue (oxygen), anded (CQ). The rates that they change depend
upon the number of collisions between the different agé¥smadegraphs that show
how theCO, pollution levelschange ovetime depending orhe number of sources and

sinks, and on the rates that the sources (like cars) give off CO

Background

The earth maintains an average temperature of 15° C (59° F) becauss sheaéance of
heat coming from the sun and heat | eaving th
atmosphere help kpesome of the heat from leaving. Carbon dioxide is one of the most

important gases that traps hedtigure 1 shows how the tgrarature increases
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Figure 1: Correlation between temperature and €f@centration. From

http://www.chemistryland.com/CHM107/GlobalWarngrGlobalWarming.html
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(decreases) when the @€bncentration increasédecreases)In the last 40 years we

have seen a jump in G@oncentration of almost 50 parts per million. In the past these

large increases occurred over a time span of 10,008'y&he recent increase in GO

concentration is primarily due to human technology such as cars, houses, and factories. If

the concentrationof C&x ont i nues t o i ncrtempsraurewillblsnr ear t h o6
increase which could lead to the extinctafrplant and animal species (including

humans!).

The CO2 sources are: Cars, Factgri¢suses, Deforestation, Decompositand

Animals. All of those sources add up to 224 billion metric tons of @D year world
wide. Now if we add up all of the sink3rees, Plants, and the Ocean. Those add up to
204 billion metric tons. If we subtract those we geiexcess of 2Billion metric tons

per year. That is the excess amount of @fatis getting it into the atmosphere (see

Figure 2).
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Figure 2: Sources and Sinks of £6rom:
http://www.chemistryland.com/CHM10GlobalWarming/GlobalWarming.html
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The totll annual C@emissions from the US is 5.9 billion metric tamisich is 5.9/25 =
24 % of the worldwide emissionsrom Figure 2 we can estimatee UScontribution to
theworldwide excess of 20 billion metric tons of €@S pwer plantsand other
industries give off 3.&illion metric tonsUS cars give off (221 million cars times 5.2
metric tons per car) = 1.2 bibih metric tons, and US households give offlfilfon
metric tons. From these numbers we can calculate the percentagashfquaver plais
= 3.85.9 = 640, cars = 1.2/5.9 = 20% and hobskls = 0.%.9 =8.5%. The faests and
plants absorb abou®8of the CQ and the ocean absorbs abou¥dl2We will use these
percentages to set the number of agents in our mddelignored the 8% CQOrom

deforestation since it is mostly due to Brazil.

Starlogo Program

The Setugcolumn in our &&rlogo program creates the agents and sets a color to that
specificagent: trees are green, the ocean is magenta, cars are brown, factories are black
and houss are orangd.he number of agents is chosen to correspond to the actual
percentages of the US annual nissions: 16 factories (1B3= 6%%), 2 houses

(2/23 = 8 %), and 5 cars (83= 22%). The number of forests/plants is 46d the

number of ocans is24. These numbersere chosen to give a total of ab@006
absorptionOnce it is done creating the agents it then scadteas the agents on
SpacelandWe also have onitorsand line graph$or the blugloxygen)and red CO,)

agents (see Figar3).The Runtime columim our Starlogo programontrols the agents
movement. At each time step the agents move one unit and the direction (degrees) is
random. The cars direction is a random degree between 1 and 3 and the pollution balls
direction is aandom degree between 1 and 6. The other agents do not move (see Figure
4). The Collision columnn our Starlogo program determines how the air balls turn from
blue (oxygen) to red (C£p(see Figure 5) When a redC O, ball collides with a tree or an
ocean agent it turns to blu@xygen)4 timesout of 120 collisions. When a blugxygen

ball collides with a factory, car, or house it turns to(@@,) 4 times out of 120

collisions. The rate of conversion (4/02=0.33%) was chosen to be tilsame for albf

the collisiongnitially. The 4/120 was chosen to slow down the simulation so that each

time step corresponds to one dajhe number of source and sink agents and the
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conversion rate 4/I® were chosen to match present day US annuak@ssions. Or
goal was to vary the number of source and sink agents andrifiersion rate 4/100 for
some of the source agents (like cars for example) to model dwsedif reduced

emissions (byhe use of electric cars for example).

Results

We first ran the moel with just the sources (cars, houses and factories) for one year to
determine the conversion rate which produced the 24% US emissions. Figure 6 plots the
US CQG emissions for one year. The conversion rate 4/1200 produces®redt balls

(out of 00 Hue balls initially) in one year. Wieepeated this simulatidentimes to

verify that an average of 998dballs are produced (2%). The number of red balls
produced ranged from 87 to 11We then ran the model with just the sinks
(forests/plantsrad ocean).Figure 7 plots the absorption of @@ed balls converted to
blue balls) by the forests/plants and oceans. We changed the number of forests and
oceans until wgot an average of 73Hue balls(out of 400 red balls initially) in one

yea. We repeated this simulaticeentimes to verify that we gabout 74ed ballson
averageconverted into blue ballser year (186 which is close to the 20% we were trying
to ge). We are now ready to run the combined mddeé Figure 8vith all of the

sour@s and sinks turned on. W8et the number of blue balls to 300 @ne number of

red balls to 10@ndrepeated the simulation ten times and averaged the results. The
avera@ number of red balisroduced was 55which is55.5/300 = 18.% of the

worldwide GO, emissions per yeao( 18.3% of 25 billion metric tons = 4.bmt). The

plants and oceans absorbed abouthir of the US annual emissionkigure 9is a plot

of our spaceland for this simulation.

After the basic model was set up and running, weestanvestigating how the results
change with different numbers of cars, and more efficient (reduced emissions) cars and
factories. We increased the number of cars from 221 million to 300 million. Figure 10
plotsthe results of this simulation where thewher of cars 5 (which represents 221
million) is increased to 7 (which represents 300 milliove ran the simulation 10 times

and calculated an average numbe84fed balls produced his gives 64/300 = 2193
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of the worldwide C@emissions per year(@1.3% times 25mt= 5.3 bmj. Our

simulation shows that the increase in the number offears221 to 300 million

increases the net US G@missions from 4.6 to 5.3 bmiext, weinvestigated the

effects of changing the G@missions of cars. If hatff the cars become electric, the
emissions will be reduced by about half. So we changed the 4/1200 to 2/1200 in our
conversion rate for cardzigure 11 plots the results of this simulation. Again we ran the
simulation ten times and averaged the restilie. average number of red ¢hkalls was

43.4 This givesA3.4/300 = 14.5%6 of the worldwide C@emissions per year (8.6

bmt). Our simulation shows that the total US emissions can be reduced from 4.6 bmt to
3.6 bmt by reducinghe emissions from cars ralf. Figure 12 plots the results of the
simulation where the factory emissions are reduced in half. After running the simulation
ten times, we found that the average number of regdh@{s was 27.7 which

corresponds to 27.7/300 = 9.2% of the worldw@{®, emissions per year (or 2.3 bmt).
Since the emissions from factories are the largest, reducing these emissions has a large

effect on the total US C{emission (it decreases from 4.6 to 2.3 bmt).
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Figure 3: Starlogo Setup program for £nissions modeling
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Figure 4: The Runtime column of our Starlogo program determines how the a¢
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US annual CO, Emissions
99.3/400 = 24.8% of global CO2 Emissions
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Figure 6: Annual US C@emissions (24% of global
amount= 6 bmt).
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Figure7: Annual US CQabsorption by fords, plants, and oceans
(about 186 of 6 bmt = 1.2bmt).
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CO2 Emissions in the US from cars, houses, and
factories plus the CO2 absorption from trees and
the oceans
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Figure 8 Combined model for thermual US CQ@emissions by cars,
houses and factorigdus absorption by forests, plants, and oceans
18.5% of 25 bmt= 4.6 bmt net gain.
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Figure 9 Spacelad for the simulation in Figure.8

Figure 10 Combined model for the annual US £#dnissions by cars, hees
and factories plus absorption by forests, plants, and obeargth the number
of cars increased to 300 millio64/300 =21.3% of 25 bmt= 5.Bmt net gain.



