Project Earth Capacity (EC)

New Mexico
Supercomputing Challenge
Final Report

March 31,2009

Team #62
Los Alamos Middle School
Team Members
Ethan Clements
Justine Dombrowski
Haley Henson
Teachers
Mr. Dryja
Mr. Bonzon
Project Mentors
Brad & Jane Clements
Maureen Dombrowski

Linda & Bryan Henson



Table Of Contents

Table of Contents Page 1
ExecutiveSummary Page 2
Introduction Page 3
Results

OilResourcesData, Results, Conclusions, Recommendations Pageb

Edible Vegetatio®ata, Results, Conclusions, RecommendatidPaged

Clean AiData, Results, Conclusions, Recommendations Pagel3
Conclusios Pagel5
Recommendations Pagel6
Acknowledgements Pagel7
Bibliography Pagel7
Appendices

Ol Resources Code Pagel9

Edide Vegetation Code Page 2

Clean Air Code Page 2



ExecutiveSummary

We chose to use NetLogo to model an important problem in our world today. We
modeled how fast the U.S. is using up its resources of @&anil reserves, and edible
vegetation. We designed a program that had three separate individual parts that could run

independently. Each part of the program addressed one of these problems.

We found that if we continue to use our known oil reser(@sout 21 billion barrelsat
our current rate(21 million barrelgper yead, we will run out of our reserves in 4 to 5 years if
S R2y Qi 06S3IAYy (G2 AYLERNI Y2NB 2Af 2NJ RS@St 2LJ
the edible vegetation that we need 1ive, we found that eat could run out in 162.2 years
when the population is about 847,000,000. Sugar could run out in 42.3 years when the
population is about 448,000,000. Finally, soybeans could run out in 134.4 years when the
population might be abou?55,000,000For clean air, we looked at different ratios of people to
oxygen producers (trees) and found that if we changed the ratio of people to trees, we

dramatically altered the ratio of oxygen to carbon dioxide in our atmosphere.

Running all of thesemodels demonstrated that we need to be more aware of how our
O2yadzYLWiAz2zy YR RSAGNHZOGA2Y 2F GKS 9FNIKQa ylI

of these resources that we depend on for survival.



Introduction

Our Super Computing project is about earth capacity. We created three programs to
measure how long it takes for certain resources to run out while sustaining our graasig
KdzYly LR2LMz I GA2yd 2SS o61FasS GKAA Sadwvetd S 2y (K
reduce the amount of the resources that we use to survive. Our team found this to be one of
the most importanttopics today. Our team member&than Clements]ustine Dombrowski
and Haley Henson, each researched and created a program on threecesdhbat we find
Y2&0 AYLRNIOIFIYyG G2 GKS KdzYly NI OS® ¢KSNB | NB &

do them all.

The resources we chose were fossil fuels, clean air, and edible vegetation, because these
are the things that an average person usesa daily basis. To measure the resourcesused
the computer program Netigo. Etharwas researching fossil fuellystine did edible
vegetation and Haley didclean air. We ran our models several times and gathered data varying

the numbers of differenthings. We evaluated the data usiMjcrosoft Excel
Here are some facts we found about these resources.

The facts we have about fossil fuels are that fossil fuels (coal, oil, and natural gas)
provide 85% of all energy produced in the United Stétgsh y'S  lj dzF NISNJ 2F GKS 472

reserves are found in the United Stat@y. Coal supplies more than half of the electricity



consumed by Americans. Oil currently supplies 40% of the total energy used in the United

States(3). More than 99% of the fuel wse in cars and trucks is supplied by(4)l

The facts we found out about edible vegetation are that, for the moment, we produce

more rice, wheat, sugar and soybeans than we consume (7,8).

The facts we found about clean air are that a mature tree rersa& pounds of carbon
dioxide from the air per year. It requires 22 trees to produce the amount of air consumed by
one person. A resting, healthy adult on an average cool day breathes in about 53 liters of
oxygen per hour. That same adult on that same bliaathes in about 500 milliliters of oxygen
per breath. The average plant produces 150 milliliters of oxygen per hour. An average human

exhales about 1 kilogram of carbon dioxide per (@y

This project was wonderfully challenging and difficult to makie had problems along
the way that we had to solyéut wewere excited to study and learn a new computer

progranming languagéhis year. We are proud to present this to the final judging.



RESULTS

Oil Resources

The program | used was in the programming languadeéetifogo. Here is some
background information about Nebgo. FirstNetlogo is more advanced thataBogo TNG
because you are actually there putting in the code for your progmtimer thandragging in

blocks with all the code put intpre-programmedblocks.
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For Netlbgo | based my modefff of a modell worked onduring the Glorieta
workshop This modeinvolves people changing the patch color to black. (This symbolizes

people takng oil from the reservethat the U.S. hgs

Oil ResourcePata

For this project, | had to make a model. In this model | needed to gather data. For this
process | had to put the known reserves (about 21 bilbarrelg and the consumption rate (21
million barrelg into proportion(5,6). After | did thisl ran the moe!l anumber oftimes.When |
ranthe model | found that it tookabout 4 or5year§ 2 NJ 1 KS ! ®o{ & {(2.Tdza S dzLJ )
back up my model had to do the math. After the math | found out that the oil reservésbe

used upin about 3 years.



Oil Resource<onclusion

In conclwsion | found out that it willtake about3 to 3.5 yeargor the U.Sto run outof
oil from our reservesThis will be a bad thing accounting on how much we rely on this black
gold. There are some things though that we cartaletop this monstrosityf over ugge First

we can drive a lot less, Second we cigie our bikes or walk to places.
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Screen shot of the model working.



Oil ResourcefRkecommendations

For this project, there were some problems. First, | did not khow to make a basic circle in

Netl2 32 ® L a2f SR UKA& LINRPOfSY o0& t221Ay3 AY
YSY(i2NARZ . NIXR /ftSYSyiGa FT2N KSftLd {SO2yR L RA
production and consumption of oilhird, | think this is one of the most important problems in

the world, but the problem is that the problem was so complicated that | got tired of this
LINE2SOG® ¢KS YIAY GKAYy3 F2N) 0KA&aX L GKAYy1lZ A
projectt. 2 NJ & 2 dz ¢ 2 yle@rning@ahdydaging the proje&S® Wk should have picked a

different problem to work on.
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Edible Vegetation

The resource | chose to study was edible vegetation, such as rice, wheat, sugar, and
soybeans. | chose thisresour@eS O dza S L (GKAy 1 GKIFIG S@Sy AF AdG
society; if it disappeared all together it would be a big problem. | designed my program to
eventually show me when such edible vegetations run out. | did not incorporate the fact that
(a) you even if you ran out of one of these, there are things that could be doneittroduce it
to the world and(b) the population increase rate would increase or decrease (stays at a steady
0.883%). | incorporated the data | gathered about consumptiongyection, and population
growth rates. The model reacts to the population increase that | programmed in. The model
also reacts to the consumption and production rates | inserted for each type of vegea@n
The model also only allows so much of ttiep to build up. This represents storage of the crop.
The plots and monitors | put in help me to look at the decrease or increase of the vegetation. In
this program, each consumer equals 10 million consumers in real life. Also, each tick represents
1 day.In this model, 1 rice agent is equal to 1,000,000 metric tons of rice, 1 wheat agent is
equal to 1,000,000 metric tons of wheat, 1 sugar agent is equal to 1,000,000 metric tons of

sugar, and 1 soybean agent is equal to 1,000,000 metric tons of soybeans.



Crop Production Consumption
Rice 6,174000 3,882000
Wheat 63,590,000 33,203,000
Sugar 8,786,000 7,20500
Soybeans 85,740,952 25,261,750

Edible VegetatiorResults

The data | gathered is the following (see table). To gather this data | ran my program
ten times and put it into a table. Then | averaged each set of data to get the data you can see
0St26d CNRY GKS RFGF L 3IFTGKSNBR (GKFG NAROS 0O2dz
Goé6asSS F+o20S0 R2 y2i KI LILISyYy®OOw Wist coilldrén outl2 LJdzt |
in 162.2 years when the population is about 847,000,000. Sugar could run out in 42.3 years
when the population is about 448,000,000. Finally, soybeans could run out in 134.4 years when
the population might be about 755,000,00G0f the data | gathered, | can conclude we would

run out of rice first, sugar second, soybeans third, and wheat last.

1C



Vegetations Average Years Average Population
e Rice 4.2 32 million
e Sugar 42.3 44.8 million
e Soybeans 134.4 75.5 million
e Wheat 162.2 84.7 million

Edible VegetationConclusion

The conclusion | drew from the data | received from my program is the following. |
O2y Of dzZRS GKI G 6S O2dzZ R NMzy 2dzi 2F @I fdzZ o6tS F2
' YRK2NJ a0é R 2seiedof 2raeddzNdrew ddta ablltyiowHong it would take for
each resource to be used up and what the population would be when such a thing occurred. |
then averaged each set of numbers for each breed. | came up with that we could run out of rice
in @out 4 years. Some may seem far away, but some are very close, such as rice and sugar. If
we did run out of them we would run out of them very quickly. We could run out of some in
maybe as little as 4 years. Yet maybe we would run outin as many as MRBy®a L 1 Qa KI NR
| thought that we would run out in maybe 2€BDO years, nothing this close. Yet from what my

data says, it is likely to happen.
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Edible VegetatiorRecommendations

| would like to recommend several things.

1. 1 would recommend getting ore accurate sources for the consumption and
LINE RdzOGA2Y NI 0Sad LiIQa KIFENR (G2 GSftf 4K
2. 1 would also recommend talking to some experts on population growth,
production and consumption rates and other things. It wouldaig/be good
KI S 'y SELISNIQ& 2LAYAZYy D
3. l'would like to recommend making the program | used much more elaborate
to get any data better than an estimate or average.
4. | would finally like to recommend to run the program MANY more times to

get a more accurate &avage or estimate.

12



Clean Air

This is the program about the resource clean air. For this progte®d Netbgo. This is
a picture of what the screen of this program looks like.

In this program | measured human and the average plant interacfidrenever a clean
FANJ LI NIAOES O2YSa 6AGKAY | OSNIIFAYy RAailGlyoS

into carbon dioxide by turning black: carbon dioxide clean air

13
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Results

| ran the program 15 times.

When | started with 25 people anddl@nts and 300 clean airs, the clean air never ran
out, but there was more carbon dioxide generated than clean air. When | ran the program with
more trees, the amount of carbon dioxide decreased. Once I ran it with 50 people and the same

number of treesand the carbon dioxide levels increased alarmingly.

Conclusions

| concluded that there is a very important balance between the number of people on the
earth and the number of trees, and that if the balance is changed, the levels of oxygen and carbon

dioxide change, and could become toxic for people.

14



Recommendations

This program was fun to make and it was challenging. In the future | hope to improve it
even further. Maybe make it more accurate and plug in more information, but for now | am very

proud of this program.
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Conclusiors For Project Earth Capacity

In condusion, | found out that it will take about 3 to 3.5 years for the U.S. to run out of
oil from our reserves. This will be a bad thing accounting on how much we rely on this black
gold. There are some things though that we can do to stop this monstrosityenfusage. First
we can drive a lot less, Second we can ride our bikes or walk to plabid, we can start to

develop more resources for us to depend on rather than just using oil.

The conclusion | drew from the data | received from my progoaredble vegetations
the following. | conclude that we could run out of valuable food resources sooner than we think
6aleAy3d alé FYRk2N Goé R2y Qi 200dzNLDd L NIy |
would take for each resource to be used up avitat the population would be when such a
thing occurred. | then averaged each set of numbers for each breed. | came up with that we
could run out of rice in about 4 years. Some may seem far away, but some are very close, such
as rice and sugar. If we didn out of them we would run out of them very quickly. We could
run out of some in maybe as little as 4 years. Yet maybe we would run out in as many as 162
8SIFNBR® LIQa KIFENR 2 GStf o L 30 9edr3s Kdahingithkid 0 6 S

close Yet from what my data says, it is likely to happen.

The conclusion | drew from the Clean Air Program was tleat@ed to plant more trees
if we are goingo be able to continue to live on eartlespecially if our population continues to

grow.

16



Recommendationd~or Project Earth

Capacity
For this project, there were some problems.

Most of our problems would have been solved if we had:

1) Foundexperts who could have helped us with the data we needed to plug into our
models. Many of the web andvritten sources gave conflicting numbers for our original

data.
2) Madethe prograns more elaborate to gea better estimatefor our results.
3) Run the models more times to generate better results.

4) Picked a project that was less huge and nmamageable.

Even with these problems, we are very glad that we did the Challenge. We learned a

Y86 LINPINIY 0bS8Si[2320 FYyR KIFIR Fdzy dzaiy3 AGSZ |
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globals [time]
breed [oilrig aoilrig]
to setup

ca

crt2

settime O

ask turtles

[set color pink ]
ask turtles

[set shape "oilrig"]
end

to fill

setxy randoraxcor randomycor

if pcolor!= black
[fill ]

end

to move

fd .1

ifwho=0

Appendices

Oil Resource$ode



[set time time + 1]

rt random 10

It random 10

end

to melt

if pcolor != black
[set pcolor black
rt 180]

end
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Edible Vegetation CodBescription

ConsumersOwn

¢CKS /2yadzYSNE da2¢yé GKS F2tt2Ay3a O
rice_eat_num

rice_eat_max

wheat_eat_num

wheat_eat_max

sugar_eat_num

sugar_eat_max

soybean_eat_num

soybean_eat_max

Globals

The globals are the variables used in the program.

Setup

22



The setup section first starts out akearing everything off spaceland. The

setup then sets its default shapes as consumers, rice, wheat, sugar, and soybean.

It creates a certain amount of each breed type and sets the consumption rate of

each and scatters them.

Go

First the Go command chaasks the consumers to rotate between 1 and
100 degrees and turn left a random amount then move forward one space and
eat if there is an opportunity to. It then restarts the prazbns procedure. It
grows the rice, wheat, sugar, and soybeans. It then résthe population
growth and continues it. Then it updates the plot and sets time in ticks to the

number of ticks divided by 365. That all happened in one tick.

Eat

This tells the consumer how to eat. It says that if the rice, wheat, sugar,

orsoybeansB GAGKAY | OSNIIAY N¥y3IS | yR

PopGrowth

This creates consumers based on the percentage population growth rate.

23
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Restart popgrowth

This restarts the population growth of consumers.

Restart prod cons

This restarts te production of crops.

UpdatePlot

First it tells the program which plot to set data to (In this case there is
more than 1) and then it sets the plot pens (plot lines) to rice, wheat, sugar, and

soybeans. It then tells the plot to plot the populationezfch.

24



Clean Air Code

L &adGFNIGSR 2dzi G4KS LINPINYY o6& ONBFGAY3 I+ &S
G2 adlF NI 2dzi 6AGK® L YI RS made thépd§raldEphgesaléof they R ™M n

breeds randomly throughout the screen.
breed[ cleanairs cleanair ]
breed[ persons person ]

breed[plants plant]

to setup
clearall
set-default-shapecleanairs'cleanair”
setdefaultshape person$person”
set-defaultshape plantsplant"
askpatches

[setpcolor63]

create-cleanairs300 «—— create clean air

[setcolorwhite ]

create-persons25 l«—— Create people

[setcolor28]

createplants10 <+—reate plants

[setcolorgreer] setu

25




askcleanairs

[setxyrandomxcor randomycoi

askpersons
[setxyrandomxcor randomycoi —_
the random setup
askplants

[setxyrandomxcor randomycoi

setup-plot
do-plot

end

' FUGSNI GKS aSiddzld 02YSa GUKS a32¢ LINRPOSRINB O
everything moving in the program. | could have named it anything ,but it was simplest to just
name it go. The go asks the breeds to move. So to make them walk randouatlthe random

walk here.

to go

askcleanairs

[rt random360

forward 1] \

askpersons \ go procedure

[rt random360 random walk

26




forward 1]
tick
setup-plot

do-plot

end

setup button go button

Following the go procedure comes the breathing procedures. The breathe procedures
are the procedures that make the clean air turn black went it comes within a certain radius

from a person and turn from black to white when it comes within a certain radas & plant.

to breathe
let breath one-of cleanairs
if breath!= persons

[ askbreath [setcolor blacK]

27




end

to breathe2
askpersons
[ askcleanairan-radiusl
[ setcolorblack]
]
askplants
[ askcleanairan-radiusl

[ setcolorwhite ]]

end
to breathe3
askcleanairs
[ if patch-aheadl = persons

[fd 1]

tick
askpersons
[ askcleanairan-radiusl

[ setcolorblack]

]

breaths

procedures
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askplants
[ askcleanairan-radiusl

[ setcolorwhite ]]

end
The last procedure is the plot to get information from the program. Along with the plot

| had to make moitors to count how many of everything there is. This is what the plot looks

like on the clean air program.

Population
E cleanair

M carbon dioxide
M plants
M people

—_
[
(=]

= Population

1] Tirne 176

The monitors look like this:

/8 o+ 1
e | oy
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