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2 Abstract

The project considered the energy balance of the earth &editnpact oftrace gasesn
this balance. fis issuavas investigated through the use afseven reservoimodel of
the earthQé&cosystem. Simulations based on acttelbon dioxide data were used to
predict the concentration of this gas the lower atmoghere and its impact on Human
society. Various strategi¢e increase the intake of this gy plants and other "sinks"

were considered.

3  Executive Summary

This project provides an analysisthe impact of higher concentrations of carbon
dioxide on ¢pbal climate change Y R A G & AYLI OG0 2yTodiKS SI NIKQA
understand theeeffectsand predict their evolution used a model in MATLAB and
changedhe modelparametersto studyhow the sytem can be affectedThis model
had seven sinks for carbaloxide and produced graphs of the change in concentration
by time. By using this program | found that models of atmospheric concentrations of
carbon dioxide are very sensitive to any changes ntagmrameters such asquations,
scales, and variad. Paying close attention to this input the program was criticalTo
ensure a better understating of the results of these simulatjamty one change was
madeat a timein order tobetter track the results of these changes.
By using data collectedfto 4§ KS YAR mMoppnQa O2yOSNYyAy3d (K
carbon dioxide in the atmosyere, | was able to formulateew equatiorsfor the input
rate of carbon dioxide into the atmosphere by humans. sElegjuatiors resulted in
what appeared to be much more accuratsults than the equations thatere given in
the originalprogram. The graphs created these new parameterall had similar
shape, steadily increasing, with similar scal®eme of he graphs created from the

original equations were not increasingdhadwildly varying scales. Graphs with



increasing concentrations of carbon dioxide in each sink made logical sense since
humans are constantly burning fossil fuels and putting majdrinis gasnto the lower
atmosphere.

No matter what model is used is clear that the concentration of carbon
dioxide inthe lower atmosphere is increasiagd will more than likely continue to do so
for the foreseeable future. This change in atmospheric conceptratiill almost
certainly have a profoundffect on the €osystem of the earthByusing actual dataf
the increase of carbon dioxide in the atmosphere, which is, almost without question,
due to human activity, the model is directly linked to the effect humans are having.
These graphs are useful in encourapihe public to be more aware and conscientious

of their environment.

4 Introduction

In recent years there has been significant coverage in the media about global warming
but there hasalways been conflicting view points and interpretations of théadaVly
interest in this project stems from the fact that | would like to increase my
understanding of global warming. | would like to understand the effect that humans
have on global warming by deforestation, burning of fossil fuels, and other human
activities. Therefore the effect that concentrations of trace gasses in the atmosphere
have on global climate change is an integral part to this understanding. Since | am not
interested in this subject for purely academic purposes, but also out of genuhto
for the effect climate change will have on life, | would also like to learn more about
research that is being done on ways to mitigate the effects humans are having on the
climate.

This project and my course of study are related by the fact that bleial with
the impact humans have on the environment. My backgrounds in biology and chemistry
are applicable to how climate change could affect life on Earth, as well as how the trace
gasses in the atmosphere interact. Although this project will focoieran the effect
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that human activity has on the atmosphere and my majolEofironmentalEngineering
focuses more on theffect on groundwater and other systems on the ground. One
aspect of environmental and civil engineering thatirectlyrelated tothis project is the
concept of green design in urban plannif@mmunities are being designed so there is
less dependence on cars and therefore reducing the amount of carbon dioxide released
into the atmosphere by human activities.

This projectrelates 2 Y& OF NBSNJ 32Ff & 2F | GGSYLWGAyYy3
impact on the environment. To help reduce the impact that humans have on the
environment one must first understand how the environment is being impacted. This
project is a crucial step tobtainingthat understanding, since global warming and the
impact ofexcess trace gasses releassdhe burning of fossil fuel has been a topic of
heated debate in recent years.

This project may be designated as an Interactive Qualifying Project not only
becausetiutilizes science and technology in a way to help the environment but also
because it has technical depth and informational breadth. Society will be helped by this
project because it is only through knowledge of the impact modern civilization has had
onthe Earththat we canunderstand how to reduce our impact and possibly have a
more positive effect on the world in which we live. This project will benefisimee |
am part of society as well as helping me to realize the best way in which | am btest sui

to help our species achieve a more sustainable way of life.

5 Research

5.1 Atmosphere

The Earth is a grey body, which is between a black body and a mirror. A black body
would absorb all the radiation from the sun, while a mirror would reflect witho
absorbing any of the radiation. The Earth reflects some of the radiation due to

characteristics of the atmosphere, such as clouds, and also due to the land cover. The



amount reflected by the Earth is dependent on the reflectivity of the current anetr,
also known as the albedo of the Earth.

The radiation from the sun to the earth is concentrated in the short wave, high
frequency, high energy radiation. The Earth is protected from some of the radiation
from the sun and other sources by ozone arah Allen Magnetic Belts. The short wave
(visible light) radiation that reaches the earth is reflected or absorbed. The radiation
that is absorbed results in heating the earth, therefore the Earth emits radiation as well.
The radiation emitted by the eth is long wave, low frequency radiation. This radiation
is at the exact frequencies necessary to cause carbon dioxide and methane to move to a
higher energy state. The frequency of the emitted radiation does not match any of the
energy levels of oxygeor nitrogen to move them to a higinenergy state, so it is not
absorbed. All moledas have discrete energy levels; they manexist at frequencies
between those levels. Eventually the energy absorbed by the methane and carbon
dioxide molecules is reased because thecreasedenergy statecaused byhe
absorbed radiation is unstable. This released radiation can go in any direction, some out
to space and some back to earth. In this way the atmosphere acts like a blanket, raising
the average temperaitre of the Earth by trapping some of the radiation emitted by the
earth.

Radiation is only one of the three ways that heat can propagate; heat can also be
transmitted through conduction and convection. Conduction is the transfer of heat to a
region of laver temperature from a region of higher temperature through matter. An
example of this is when a person jumps into a body of cold water, quite quickly the
LISNE2Yy Qa 02Re KSIFd ¢gAff 0S G NhyCawesthiNSR (2 (K
the movemer of heat due to the physical changes in a substance caused by the change
in temperature. In the lower atmospherair is heated by the earth (which was heated
08 | 0az2NbAy3d (d&dasa dsiha airbéchtrieless deRsg and rises.
AsKA & FANJ LI NOSEt NA&ASA TFAdNIKSNI FNRY GKS 9 NI
and sinking. In the atmosphere this process is the cause of weather patterns, while in

the ocean it is the driving force between ocean currents. (Humi)



The Atmospheric Bfronment: Effects of Human Activity
Chapters 1 through 5
Michael B. McElroy

The first few chapters of this book provide a solid background for what is to
come in the later chapters of the book. The second chapter is a quick review of some
basic conceptthat will be helpful in understanding the equations supporting the
conclusions reached by the author. The concepts of length, time, and mass are
introduced and how they are applied to create the quantities of speed, velocity, and
acceleration. Throughauhe chapter a general understanding is created with the
presentation of increasingly complex ideas such as force, gravity, vectors, work, energy,
and temperature.

The third chapter continues to provide background informatith a broad
coverageof chemistry. Thenanner in whicratoms and molecules store energy, either
through rotational or vibrational motion, is covered. This information appeared to be
the most directly applicable information to atmospheric energy balance. The chemistry
of acds, bases, and the different bonds that can form, also helps to create an important
general understanding.

Chapters four and five begin to get more directly into the science of the
atmosphere. Water is the first of three focuses, due to the importard rigblays in our
atmospheric interactions. Not only does it cover 70% of the surface of the earth but it is
also the third most abundant molecule in the atmosphere. Water has some unique
chemical characteristics that life on Earth is dependgmn. When water freezes to a
solid it is less dense than its liquid form, which allows ice to float and therefore allowing
organisms that live in thdeeperwater to survive throughout the winter. This chapter
also emphasizes the importance of the phase diagrahwvater and carbon dioxideand
the importance thesgases play in the composition of the atmosphere of the Earth as
well as other planets. The phase diagram illustrates the triple point of substances, the

point at which the temperature and pressureail the molecule to exist in all three



phases; gas, liquid, and solid at the same time. The Earth overall is relatively near this
triple point since all three phases of water are present over much of the surface of the
earth.

An interesting history of th&arth is provided in chapter five, startiagth the
formation of this planet from the spinning mass of gas and dust that was our solar
system. The elements with higher melting points, such as iron, were the first to
condense and form the beginning ofetinner planets. Molecules that condense at
much lower temperatures precipitated out later creating the basis for the outer planets.
After the Earth was mostly formed heated up and released elements like hydrogen,
carbon, and nitrogen to the surfaeehile iron stayed in the core. Nitrogen is a major
component of the current atmosphere, accounting for 78%, while oxygen composes
21% of the atmosphere. When life first began on Earth there was very little oxygen, but
eventually it accumulated in the aisphere as a result of it being an end product of
chemical reactions crucial to life on earth. Carbon dioxide on the other hand, which
currently receives quite a bit of attention due to the amount created by human activity,
only accounts for 350 x T%. The relative abundance of molecules in the atmosphere
is clearly not as important as their chemical properties. The different roles molecules

play in the energy balance of the atmosphere depends on their different properties.

The Atmospheric EnvironmeriEffects of Human Activity
Chapter 7: Vertical Structure of the Atmosphere
Michael B. McElroy
The atmosphere is composed of layers, which vary in pressure and temperature.
The further one goes away from the surface of the egtile lower the pressureA
simple way of understanding this change in pressure is imagining a box full of air. The
force on the bottom of the box in the positiairection is the pressure at that value of
z times the area, gp(2)A. The force due to the air inside in the b®equal tor gAD2),
wherer is mass density, g is gravitational acceleration, A is areaDarslthe change is

z. The force in the negativadirection on the top of the box is(z+D2)A, again A is



area multiplied by the pressure at the heighufad by adding the initial height and
change ire. From this information the equation

p(z+D2=p(z)-rgDz
can be derived With this basic understanding of pressure and the perfect gasttasv
equation for determining the pressure in small intelsjavhere the temperaturés fairly
constantcan be calculated as

P(2) =p(z0)expH(z ¢ zo)/H]
H has dimensions of length and is the atmospheric scale of helghrtovides a
measure of the effecdf thickness of the atmosphere.

The temperature oflie atmosphere is variable as one travels vertically through

the atmosphere. The temperature decreases at an average rate of 7-ld&kone
moves away from the surface of the earth until about 11 km where a minimum
temperature of 216 K is reached; thiggren is the troposphere. The troposphere is
unstablesince itoverturns and convects due to the decrease in temperature as altitude
increases As a result, the troposphefed I f 42 6KSNB Yz2ad 2F GKS
occurs. In the next layer, the stratosgie, which has a range from 20 km to 50 km,
temperature increases with height, almost to the same temperature as on the surface,
270 K. Vertical motion is severely restricted because air attempting to rise above this
layer becomes increasingly denser ththe surrounding air and is forced back down.
After this the temperature decreases again to reach another minimum of 180K at about
85 km from the surface; this is the mesosphere. Above this height the effects of the sun
are more apparent, as the temperae varies between 750 K and 2000 K depending on
the activity phase of the sun The short wavelengths cycle every 11 years. This area of
increasing temperature is the mesopause, after which comes the thermosphere, where
the density is low enough for sdtites to orbit for long periods of time. Within the
thermosphere is the ionosphere, which is formed by free electrons created by the
absorption of short wave length solar radiation. Although more is understood than ever
before about the atmosphere, olnowledge is far from complete, which makes

accurate modeling near impossible.
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5.2 Energy Budget

The Atmospheric Environment: Effects of Human Activity
Chapter 6: Energy Budget of the Atmosphere
Michael B. McElroy
The sun emits energy in the form ofgons, most of which are detectable with
the naked eye. For equilibrium the energy that the Earth absorbs from the sun must be
almost exactly equal to the amount of energy emitted by the Eatfthis is necessary for
the temperature stability of the EarthThe wavelengths of the radiation emitted by the
Earth and the Sun differ due to the different types of energy emitted. The sun emits
radiationwith amuch highetemperature;therefore it has a shorter wavelength and
higher frequency, as described betenergy equations:
E=hfand E= ho)/I
WherehA & Sljdzt £ G2 t I yOl Q& e geycisihk spéedof 6 KA OK
light, 3 x 1&°cm sed, | is the wavelength, anflis the frequency of the wave. Energy
with waves of higher frequencseand shorter wavelengths tend to have higher energies
than waves with longer wavelengths and lower frequencies. Therefore the lower
energy radiation emitted by the Earth necessarily has a longer wavelength and a lower
frequency than that emitted by theus.
The visible radiation emitted by the sun is emitted from a 330 km thick layer of
the sun called the photosphere. This layer ranges from 4000 to 600Bi¥K
temperature rangecontainsthe radiation emitted by a black body that is within the
visiblespectrum, 5800 K. The radiation of shorter wavelengths comes from high
Ff GAGdzRS fF&8SNB 2F GKS adzyQa FiYvY2abBKSNS
These high temperatures are fueled by energy released from solar reactions within the
core in the form of waves that take about 11 years to travel to the outer layers of the

solar atmosphere. The energy created by these reactions fluctuates over time resulting

A a

g KSN

Ay y2G0A0SFo6tS OKIFIy3aSa Ay (GKS 9FNILIKQa YIF3IySaz
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due to the fact the some of the radiation is just solar radiation being reflected back. In
the atmosphere the gasess® CQ, O;, CH, and NO absorb radiation in theange of
wavelengths from 0.1 to 10@m with a significant gap around blue in the visible
spectrum. The other radiation is lower energy and is emitted by the surface of the earth
in the infrared range.

There is an energy balance between what is absorlmetleamitted by the Earth
and its atmosphere. About 20% of solar radiation is reflected back by clouds, 4% by the
surface, and another 6% is reflected back by the air. About 16% is absorbed by the
atmosphere 4% by the clouds, and 50% is absorbed by théase of the Earth. This
balance of energy is changing slightly due to the change in the composition of the
atmosphere as a result of human activity. The amount reflected back by the surface has
changed due to deforestation and the clearing of land fouses and cities. The
burning of fossil fuels has resulted in a noticeable increase in the concentration of
carbon dioxiden the atmosphere, while other emissions have resulted in changed cloud
cover. These conclusions are reached form the informatresented thus far by
McElroy, but McElroy does not make these conclusions. A general description of the
atmosphere of the Earth has been provided, which enable the reader to come to these
conclusions. McElroy backs away from making any connections thandtpresents

the information so that the reader may come to his or her own conclusions.

5.3 Modeling Research

Modeling the Exchanges of Energy, Water, an Carbon Between Continents and

the Atmosphere

11

R



P. J. Sellers, R. E. Dickinson, D. A Rand&llB&tts, F. G. Hall, J. A Berry, G. J. Collatz, A.
S. Denning, H. A. Mooney, C. A. Nobre, N. Sato, C. B. Field, A. HeiSailessn

Three increasingly complex and accurate models are discussed in this article.
The first model, the simplest of the theeuses global atmospheric circulation models
(ASCM) These models Yy O2 N1LJ2 NI} §S FfdzAR YSOKFyAOa Sljdzk GA
NRGIFOGAZ2Y S LINBA&ddzNBXZ GSYLISNY GdzZNE INIF RASyGasz |
motion. In this model the surface thfe Earth is generalized, with an average of the
surface properties being used to represent the surface as a whole. The energy transfer
processes considered amadiative cooling and heatingonvection condensation
evaporation transfer of energywater; and momentum across the lower boundary of
the atmosphere. The amount of radiant energy absorbed by land is equal to the solar
energy plugenergyabsorbedfrom long wave radiation emitted bghe overlying
atmosphere minus the long wave radiation emittied the surface;

R.=S(l-a) + ly-esT*
S is the isolationwhich is calculated using latitude, longitude, cloud cover, and time of
day. The surfagalbedq is represented by, the firstterm for the amount of solar
absorbed by the Earth becauseethlbedo is taken into account. The second tegsL
the long wave radiation that is reflected back to the Earth by atmospheric gasses like
carbon dioxide. dlis surface temperature, the StefaBoltzmann constant, anéis the
surface emissivity Bycombining these three termne finds the longvave radiation
emitted by the surface of the Earth. Two types of heat reldabat areconsidered in
this model are local, sensible heat release, which raises the temperature of overlying air
column, and norocal latent heat release, which has atmospheric impact.

The second model is more complex and accurate because it takes into account
the effects of vegetation on atmospheric models. In this biophysical model, vegetation
and soil interaction with the atmgdhere were considered. The interactions studied
were: Radiation absorption (vegetation is very absorbent at wavelengths from 0.4 to
0.72mm); Momentum transfer (vegetation is a rough porous surface that enhances

turbulence) Biophysical control of evapanspiration (stomata control amount of

12



water vapor releasedPrecipitation interception (precipitation that lands on leaves is
evaporated) Soil moisture availability (depth and density of roots determine water
available for evapotranspiration), and Inatibn (soil is insulated by the canopy). This
model was found to be more accuratean the first; it was used to study the impact of
large scale deforestation in the Amazon, which re=aliin asurface temperature
increase of 3to 5 K.

The third model t&es into account the carbon cycle and uses photosynthesis
and plant water relations to provide a more accurate description of energy exchange.
The efficiency with which a plant is able to capture photosynthetically active radiation
and utilize the resultig products is considered in this model. The stomata contribute to
I LI FydQa ST7TAchéyiodassitilatbnibg cdosing dufire) Nid
conditions so the plant does not lose copious amounts of water through the opening.
This last modahcorporates the other two as well as going a step further, resulting in
the most accurate model.

This article seems to be a fairly straight forward presentation of the progressing
accuracy and complexity of atmospheric models. It was stated the mbd&k become
more accurate but maybe this is only in certain areas, such as ones covered in dense
vegetation. Maybe these models were not found to be as accurate in areas without
vegetation, or at least the accuracy may not have increased from modebtieihn
those areas. There also seemed to be a lack of discussion of types of coverage other
than vegetation, such as bare rock or snow, and the differences between those. Again
maybe these models may not be as accurate in these areas. Another shamnigooin
this paper was the authors only focusing on possible contributions of climate change
within the atmosphere, not accounting for contributions from elsewhere in the solar
system. The sun has been shown to go through an eleven year cycle in the andunt
type of radiation emitted. This study was quite thorough on vegetative effects, as the
title implies, but itdid not mention that fluctuations in solar radiation can also have an

effect on climate change.
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5.4 Climate Change

Part I: Climate ChangeOur Approach
1 The Science of Climate Change: Scale of the Environmental Challenge

Global warming is presented as a fact, backed up by a comprehensive survey of
different studies supporting different types of evidence of global climate change. The
globalaverage temperature has undeniably risen, most notably in the past 50 years, but
the projected rise in temperature greatly depends on emissions. If the current
concentrations of greenhouse gases are doubled then the resulting rise in temperature
is between 25°C or if the rates of emission continube expected increase will be 1D
°C. But these temperatures are modest; one reason is, they do not take into aceount 1
2°C additional projected increase due to feedback. One form of feedback is the
permafrost and wetlands, which contain more carbon dioxide than everything released
by human activity so far. As the Earth warpearmafrost will melt releasing stored up
carbon dioxide This procesis already happening in Siberia and currently accounts for
about 15% of all emissions. The released carbon dioxide will contribute to atmospheric
O2yOSYyiNrGA2yas NBFESOGAYy3 o601 Y2NB 27
more global warming, which in turn would melt more permafrost.

The evidence dflobal climate change that is currently apparent to researchers
provides a good indication of how more drastic climate change will affect the Earth.
Biota has been affected by the increase in global temperature, whiodisatedby the
6 kmaverageead decadethat animals have been traveling towards the poles. The
impact on some plants and birds is evident by the fact that they have been flowering
and laying eggs 2 to 3 days earlier each decade in recent history. The effects of global
climate changédnave varying impacts throughout the world, not only due to the
different ecosystems, but also due to the fact that the change in temperature is not
distributed evenly. If the global temperature increasy 3°C, the increase in
temperature will be greateat the pole; 58°C increase. The different impacts global
climate change will have is compounded by the way ocean currents, rainfall, and

weather patterns will be effected. Some areas, like the Mediterranean and Caribbean,

14
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are expected to receive mudass rainfall, while others, like northern North American

and northern Asiaare expected to receive more. The North Atlantic Thermohaline
Circulation may collapse and it is speculated that this current that keeps Europe and the
North American coast warrnas already experienced a 30% decreasessé&tesults of

global warming may have a cooling effect, but not so much affset the rising
temperatures of the Northern Hemisphere due to the greenhouse effect. Since climate
change is projected to haveraore noticeable effect on temperature further from the
equator,such a€urope and densely populated areas of North America, the effect on
human civilization, especially'orld countries, may be quite drastic.

Although this document was quite thoroughtivevidentiary support of global
warming, there was a motivation behind it: to present evidence that not only is global
warming occurring but that it is at least in part due to human activity. This repddssta
that the concentration of carbon dioxida the atmosphere has been increasing since
1750, matly due to emissions of humarrtavity. What is not mentioned is that the
levels of carbon dioxide naturally increase as the temperature getrmer due to the
fact that carbon dioxidés less readily dsolved in the ocean at higher temperatures.
Since there was a minor ice age in the 17@ds logical that the levels of carbon
dioxide would increase. Although this explanation does not account for the rather large
increase in the concentration of hgas, from 280 to 380 ppm, this fact still should have

been mentioned.

6  Modeling

In order to better understand the modeling that has been done to predict what
consequences will be experienced in the future due to the carbon dioxide that is
currently keing released into the atmosphere, an atmospheric modeling program was
used. This Globahrbon dioxideModel was used in MATLAB to generate the different
levels ofcarbon dioxidecurrently found and the predicted levels for the seven different

sinks on arth. The seven sinks are: upper atmosphere, lower atmosphere;likea
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biota, shortlived biota, mixed ocean layer, deep sea, and marine biosphere. The lower
atmosphere is the sink that has the most connections to other sifike carbon dioxide

coneentration can be modeled by the differential equation:

dG= HkCj+ Fir mz X =7
dt

where Gdenotes the concentration of carbon dioxide in resenioiilhese
concentrations can change ihd lower atmosphereas itcan exchangearbon dioxide
with the upper atmosphere, lontived biota, shorllived bbta, and the ocean mixing
layer. With these four sinks the lower atmosphere either receives or gives carbon
dioxide by diffusion, flowing from high concentration to low concentration. The lower
atmosphere also receives carbon dioxide from rmaade effecs and volcanic
eruptions Because of this extra inputarbon dioxiddogically should be diffusing from
the loweratmosphereinto the other sinks.

To model the exchange ofirbon dioxidehis program utilizes differential
equations to simulate the chaegn the concentration over time. The carbon

concentration for a reservoiris given by

Gi(t) =G(t)  G(1700)

Ga(1700)
Where
Gi(t) Relative concentration of carbon in tlith reservoir at
time t (dimensionless)
G(t) carbon inthe ith reservoir at timet (grams)

G(1700) carbon in theth reservoir at timet = 1700 (grams)
Ga(1700) carbon in the total atmosphere at time= 1700 (grams)

This model starts at year 1700 and goes forward three hundred years to year 2000;
therefore this model derives equations from existing data. In order to focussthidy

more for the purposes of this projedhe resulting graph for the lower atmosphere was

16



focused on. The lower atmosphere was choseree ithas the mat connections with

other sinks. And alsdbecause changes in the carbon dioxide concentrations in this sink

will have the most impact on global climate patterns. In order to see how the predicted
concentrations in each sink could change, different variables were changed tmaee

the model would be affected. For the initial model two different equations were used

G2 Y2RSt GKS F2aaAift FdzSt O2Yo6dzadAz2y NI OGS oOmKk
The graphs of the concentration of carbon dioxide in the lower atmosphera giye

these two equationsvere:

CO, Concentration In the Lower Atmosphere fgammazgamﬂﬂ*tz}
12000 T T T T T
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8000} / .
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2000} e .

- i I I I I
0 50 100 150 200 250 300
Time (years)

For this graph gamma = gam0 + r*t"2, where gam0 = 2.3937 Y@ear, r = 0.03077

1/year, both of which are given values.
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CO, Concentration In the Lower Atmosphere (gamma=gam0*exp(r*(t+1700)))
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For this graplgamma = gamO*exp(r*(t+1700)). The difference between an exponential
input and a seond order equation is evident in the shape as well as the scale of these
two graphs.

The accuracy with whiclnése given values gammarepresent the fossil fuel
combustion rates questionable because there is such disparity in the schteget
predidions that could be more accurate, data was taken from the oldest site
continuously monitored for carbon dioxide, the Mauna Loa Observatory in Hawaii. This
is a graph otarbon dioxidedata that has been collected there at 4000 meters from the
S| NIi Ka@eifor abdmilthe last fifty years.
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Atmospheric CO, at Mauna Loa Observatory
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Fom this grapnNOAA: ESRa&)ine of best fit was derived using MATLAB in order to

best predict how the concentration will continue to rise in the coming years due to
human activity. The data derived from this graph can be found in Appendix 1Tol.

acount only for the concentration of carbon dioxide attby humans, it was assumed

that the initial concentration was 318 ppm, therefore 318 ppm was subtracted from

each concentration. Essentially this causes the resulting data to start at a concentration
of 0, allowing the derived equation to only represent the addition by human activity.
Since the program is written for concentration in grams per liter the concentration in
parts per million of this graph had to be converted to those units. An equatas w

found by inputting the year and the concentration found for each year into an excel
sheet and using the Least Squares method in MATLAB to find equations for first, second,

and third order equationgprogram can be found in Appendix 11.B8y taking the
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natural log of the concentratigrone is able to find an exponential equation, which
appears most appropriate by looking at the curve of the graph created by NOAA.

The following four graphs were created from the data from the NOAA graph.
The first has &ine of best fit that is first order, the second is second order, the third is
third order, and the last is first order but with the natural log taken of the concentration

in order to create an exponential equation.
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Increase of CO2 in the Atmosphere (second order)
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Increase of CO2 in the Atmosphere (exponential form)
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The equations for each lind best fit wereinputted into the atmospheric
modeling program in MATLAB foew equatiors for gamma The two programs used in
MATLARB to create these graphs can be found in Appendix 11.3 andThk4esulting
graphs for the lower atmosphere for thedty second, third order and exponential form

of gamma are:
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CO, Concentration In the Lower Atmosphere (gamma=0.0164"exp(0.0351*1))
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These graphs are very similar, which is not too surprising since the only difference
between the four is the form of the equation used to fit the same data. The one
noticeable differencesiin the scale for the exponential, after 70 years it reaches a
concentration of about 2.3 g/L, while the other models reach about 1.9 g/L. Although
this is seemingly a minor difference between the graphs, it could result in major
differences in climateThe graphs for the other sinks for these values of gamma can be
found in the Appendix.

The proces$o create these graphs involved some missteps that resulted in
graphs that were not realistic projections. Small changes in the model, such as having
the incorrect scale or not accounting for the years correctly resulted in drastically
different graphs. Some graphs had unrealistically high concentratioceriodn dioxide

while others had the concentration earbon dioxidedecreasing, or increasing then
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decreasing, instead of the expected increase in the concentration in all seven sinks. The
drastic changes in the results of the graphs could make one question the validity of any
modeling system, for any small change in initial conditions could complehtalyge the

predicted outcome.

7  Suggested Methods to Help Reduce Emissions

7.1 Plants

Genetically Modified Organisms 25 Years On
Mae-Wan Ho and Joe Cummins

In this article genetically modifying organisms is presented as being an unstable,
unpredictabé process, which appears to be more guess work than a precise science.
The authors assert that genetically modified organisms (GMOSs) are very inconsistent,
perform poorly, and are overall a failure. The unreliability of GMOs is due to how the
genomes areonstructed out of genetic material from different sources in a way that
would not happen naturally. The unintended effects of gene insertion include
inactivating or ovesexpressing genes or scrambling and destabilizing the host genome.
These effects & due to the random, haphazard manner in which foreign genes are
inserted into the host genome. Due to this it has not been possible to produce stable
transgenic lines of animals or plants for commercial use. Technology of genetic
modification has improed little to none since its inception, partially due to the fact that
knew knowledge about genomes and splicing has not been incorporated.

Due the trial and error guesswork nature of genetic modificgtiba effect that
consumption of these organisms has humans is largely unknown. The effects are
becoming more apparent as more tests being conduetedalso as their widespread
use results in greater consumption and in a sense resulting in human testing. Toxins

from Bacillus thuringiensjsvhich havebeen widely used for their usefulness against
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insects in the Order Coleoptera, have been shown to be harmful to mice, butterflies,

and lacewings. The sporestoiins caused allergic reactions for farm workers, yet

these toxins have been approved and widased in GM food crops. The effects that
inserting foreign genes into a host genome are widely unknown, resulting adverse
effects like reduced immune response and possibly cancer among others. One result of
gene insertion that is well understood is thesulting transgenic instability, which is
structurally unstable DNA that easily comes apart, sometimes resulting in horizontal
gene transfer. This is when the genes of GMOs are incorporated into another organism,
humansor other plantsthat comein contact with the modified organism.

Part of the reason that GMOs have continued to have poor, unstable
performance is that the newer understanding of how genes are translated has not been
applied. When research with GMOs beggenes were thought to each responsible
for one traitmeaningeach gene had its own specific use. Itis now understood that
depending on how genes are spliced, one gene can result in a number of different traits.
The same section of gene can result in the production of many diffgr®teins
depending on how the exons in introns are spliced in different cells at different times.
Not only can genes be spliced for different results but by shifting the reading frame
entirely different proteins can also be created.

Ho and Cummins psented one side of the argument over GMOs convincingly,
although in a seemingly biased manner. The poséfiects of GMOs, even if it was
purely by chance that the genetic engineers found a genetic insertion that worked
beautifully, werenot mentioned. Some food has been genetically modified that has
greatly benefited humans, such as rice with enhanced nutrients, seedless grapes, corn,
andtomatoes. Other crops have been beneficial to the environment as well as humans
because they reduced the nedor and use of pesticidesAdmittedly GMOs have some
serious dangers and a lot still needs to be understood about them, but there also must
be some positives to the research and application or it would have been stopped. It was
mentioned that pesticide andhgect resistant crops have been created but only in the

context of the bad, unintentional effects that those modified crops also incurred. If
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some of the benefits of GMOs had been presentbd article would garner more

respect as a scientific articlessulting in a more beneficial experience for readers.

Practical Photosynthetic Carbon Dioxide Mitigation

G. Kremer, M. Vis, M. Prudich, D. Bayless

Plants are natural sinks of carbon dioxide, and cyanobacteria are especially
efficient at utilizing carbn monoxide. Photosynthie organisms absorb carbon dioxide
water, and sunlight to create complex sugars. The use of these organisms that naturally
sequestercarbon dioxiden an engineered photosynthetic system would be economical,
NBE RdzOS K dzYdnyh@envirdnwhedt add have little associated risk.
Cyanobacteria, like other photosynthetic organisms, absorbs carbon dioxide from the air
where it is only in concentrations of 350 parts per million. In flue gas, which is produced
at coatfired powerplants, the concentration is 14%. High concatibns result in
cyanobacteria being able to produce more biomass more quittkighey have shorter
life cycles making them readily adaptalib an increased concentration

This engieered photosyntheticystem wouldhave some aspects of desitirat
would need tobe modified for each situation. Since a minimal pressure drop is
required, the plates that the bacteria are on will be verticklereforethe bacteria will
have to be able to cling, while at tlsame time not bangtoo difficult to harvest when
they have stopped growing. Also the bacteria absorb the roadion dioxidevhile
growing, so they will have tioe modifiedfor those with the longest growing cycle. The
temperature of the flue gas wihelp to determine which cyanobacteria will be most
suitable in that environment, for the onbat grows most optimally at thaemperature
will be chosen. Another design consideration is the distribution of sunlight to the
bacteria, for the bacteria deriviheir energy passively from the sunlight. This system
capitalizes on natural processes, instead of relying on genetically modified organisms.
By ensuring thdacteria receivesunlight it will be able to sequesterarbon dioxide

through the process oftptosynthesis, which has been well studied and is fairly well
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understood. Genetic modification, even after years of work done by hundreds of
scientists, still yields unpredictable results.

The end products of this process are reduced emissionarbondioxideinto
the atmosphere as well as usable biomass. The biomass created by the cyanobacteria
could be used as fuel, fertilizer or feedstock. The effect of the cyanobacteria on the
surroundngflora and fauna should also be considered since it istagi@sving
organism, which can be a competitive advantage. The effects the bacteria could
possibly have are small due to the fact the bacteria chosen grows optimally at the higher
temperatures of the flue gas (516 °C) and is unlikely to do well at the laiemt
temperature of the surrounding area. One other byproduct of this process is oxygen,

which is good product for us oxygeequiring life forms.

A natural experiment on plant acclimation: Lifetime stomatal frequency response of an
individual tree toannual atmospheric Cncrease
Friederike Wagner, Raimond Below, Pim De Klerk, David L. Dilcher, Hans Joosten,

Wolfram M. Kirschner, and Henk Visscher

This article discusses the effects that increased levels of carbon dioxide in the
atmosphere have onibta as made apparent by stomatal densities. Data was collected
on a single birchBetula pendulatree, which had stomatal data going back for the
entire life of the tree, about 47 £ 1 years. The stomatal data was recovered from leaf
liter surrounding he tree, which had been well preserved within peat moss
(Sphagnun), for three consecutive growing seasons. The leaf litter surrounding the tree
was assumed to be created solely by this one tree since it stands alone and has done so
for its entire lifespanas determined by aerial photographs. Imstfegion the
monoculture shifted from ryeSecale cereajeand cornZea mayyin 1973 In 1961 the
amount ofsand brought into the area by theind significantly decreased due to

surrounding arable fields lieg converted into grassland.
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In the past fifty yearsas atmospheric levels of carbon dioxide concentrations
have been increasinghere has been a decrease in the stomatal frequency of the
aforementioned birch tree. The stomatal frequency is measumado ways, by
stomatal density and stomatal index, both of which were found to have declined. The
stomatal index is equal to [stomatal density/(stomatal density + epidermal cell density)]
x 100. This change is not contributed to a rise in temperasureethe temperature
and other growth conditionbave remained relatively stable. There has been ground
water monitoring and local weather data collected for the past few decades, which
show no significant trends. The size of the stomatal por@s alsameasured to
determine ifthe decrease in density was also related to a decrease in size of the pores.
The authors of this paper were surprisedfind instead that the pores increaseth size
as their frequency decreased, therefore partially negating ¢ffect of fever pores. The
change in stomatal frequency over the lifetime of this tree provides evidence of a
phenotypic acclimation instead of natural selection resulting in genotypic adaptation,
answering a fundamental question to stomatal frequenog eaarbon dioxide
concentration.

Although the results from this study do appear to be statistically significant all
the data came from one tree. Any small change that was not accounted for could have
also been the driving force between stomatal frequiesc Even though local weather
records do not show any significant trends in mean seasonal temperature, it is well
known that global warming has occurred, albeit not evenly throughout the globe,
therefore some data from these records would be useful i@RaA y 3 dzLJ G KS | dzi K21
argument. It was stated that the stomatal frequency within a species was shown to be
not statistically significant between saplings and older trees, which is an extremely
important assumption to base their study on. This study dichjpout that since the
stomatal density declined in a linear fashion for this tree in past half a century it is
unlikely, as it has been assumed, that trees have plateaued and can not adapt any
further to increased concentrations carbon dioxidehrough stomatal response.

Although it is understandabliat it is difficult to find trees that stand alone in a good

31



substrate for preserving leaves, more data with a greater variety of trees needs to be

collected to support these findings.

8 Effect on Humans

At this point the fact that humans impact the global climate is thought to be undeniable,
by most educated people. The effect of these changes is starting to be ndiitedy

little, as the more sensitive species, such as frogs, start dying@tifier animal and

plant species also provide evidenceeashyear species migrate further from the

equator in search of temperatur@e which they are more closely adapted. There is no
doubt that there is currently a huge decline in species diversityarge that it has been
Ottt SR a¢KS {AEGK 9EGAYOlA2YyEé aAyOS &LISOASH
before (Leaky). There is no doubt a correlation between the climate charigieh is
likely caused by human activities such as deforestation amdibg of fossil fueland

the drop in species diversityrhe impact on humans is a more complex measurement

because mortality is not the only measure that is important to human civilization.

Human activities are changing our environment, the composiioour
atmosphere, and in turn these changes will affect life on earth, including human
civilization. Many of the changes that will be noticeable to humans are climatic
changes. Slight changes in the average world temperature, which is a poor
representdion of the greater temperature changes experienced in some areas, can
result in major differences in weather patterns. A major driving force of global winds is
the differential heating due to the different rates at which sunlight energy is absorbed
between the equator and poles. On a more local scale winds are also caused by
differential heating between the land and a body of water, as well as winds created by

mountains.
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There are many different factors that influence the weather, not all of which are
understood, which results in it being described as a chaotic system. Even still, a slight
change in temperature is believed to be able to have a significant impact on the system,
possibly due to the important role temperature plays in wind patterns anddhge role
of wind in weather. As humans continue to put greenhouse gasses into the atmosphere
more sevee weather events are theorized to become more frequent &iade a greater
impact This can be evidenced blye European heat wave in the summer of030and
the tsunami that devastated India.

Fairly common climatic events such as floods and droughts are also expected to
become more frequent and greater in scale. The increase in average global
temperature, as mentionedsan average of areas that expence a large increase in
temperature, with regions that experience mcreaseor possibly a decrease. The
places that experience the most climate change will be subject to more chaotic weather
patterns. Increased droughts may cause human death, diectoof acess to water, as
well ascrop loss. Increased temperature can also result in crop loss due to plants
accustomed to colder climates not performing as well. Floods can not only kill and
destroy property, but also wash away vital nutrients foowging from the soil.

As the temperature rises flora and fauna will move further from the equator, in
search of their more suitable habitats. The movement of species northward has already
been documented, but tropical diseases are also expected to travedse tropical
diseases could have devastating impacts ondities of first world countriesvhich are

located just close enough tee impacted. (De Leo)

The way in which the climate change will impact agriculture in Europe varies
greatly by region. iRer runoff was used as an indicator of the agricultural impacts of
climate changes for this modeln some areas climate change will not be detectable by
2050, for it will not create variation that is greater than annual or seasonal changes.
Northern ard southern Europe are expected to experience noticeable changes in mean

runoff, which will be statistically significant over natural variability. Central and western
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Europe are not expected to expence noticeable changes by tmwdel. It is however
emphasized that these are only the results from one model and by slightly changing a
few variables the predicted results would be completely different. This reinforces the
idea that atmospheric modeling of the future is more of an educated guess of what may

happen in the future of a chaotic system. (Hulme)

Another result of global warminavhich is more popular in the medie the
melting of polar ice caps and the resulting rise in sea level. The melting of polar ice caps
is one result of the current engy imbalance of the Earth. The energy imbalance is due
to the Earth not emitting as much energythermal radiation as it is absorbing from the
Sunfrom solar radiation. The carbon dioxide and methane contribute to this effect by
not allowing some therimf NJ RAI GA 2y G2 f Slcad&itt@dodi KQa
back to Earth to be absorbed, sometimes in the form of melting polar ice. Models of sea
level rise vary from rapid riség a9 to 88cm rise in 10 years, which are dependent on
the levels of arbon dioxide in the atmosphere and the corresponding change in
temperature. Extreme models are not necessary to greatly impact humans, a two meter
rise in sea level would result in large tracts of land, such as much of Bangladesh, Florida,
and many islads, to be underwater. This feasible rise in sea level would result in the
forced migration of tens to hundreds of millions of people. A mass migration would not
only affect those who were displaced but also other citizens and nations who

experience thericreased stin on resources. (Hansen)

9 Recommendations for Future Research

An idea for future research that could stem from this Interactive Qualifying Project is
modeling and research on algal utilization of carbon dioxide. This may be more suited
for a Major Qualifying Project for a biotechnology or biomechanical engineering major.

Research for this project could involving actually doing laboratory tests of algae growth
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with different concentrations of carbon dioxide under different environmental
conditions, such as elevated temperature.
Another interesting topic related to this project is the history of human
perception of the atmosphere, climate, and environment. Thigdd stemfrom this
project because this project is not only written at atiheéK Sy” | Y|l 22 NJ a KA Fi
perception of the environment is changing but also is about the topic which is causing
this major shift. So an interesting project would be to research when the perception
changed and what caused the change. If this wereedmman Interactive Qualifying
Project, the manner which this would relate technology and the environment is clear.
This future project would also hopefully reveal whether it was increased knowledge of

the environment or superstition and popular opinidmat had a larger impact on

Ay

LIS2 LJX SQa LISNOSLIWAZ2Y FYR GKSANI NBadzZ GAy3 | OlGA

Ll2aadaAofte 6S dzaSR (2 KIFI@S | INBFGSNI AyTt dzSy 0§

Y2NBE LINBFOGADS | LIINRBI OK ment. O2yaSNBAY3 GKS
A third research idea is to do more modeling of the environment or at least an

evaluation of some current models, considering the difficultly in creating an accurate

model. Many different researchers have come out with different models and

predictions of the future climate and thorough research of these models could result in

clearer picture of what the most likely future climate will be based on current

knowledge. This project could also involve doing some modeling by the students

themselves but ofhe effects of methane on future climate. A model which is

dependent on methane concentrations and the resulting atmospheric change could be

combined with a model based on carbon dioxide to see the possible combined effects of

the increased concentratianof these two gasses.

10 Conclusion

The atmosphere islearly a very complex systemhich, evenwith current knowledge

and tools is difficult tomodelaccurately The atmosphere is a problem of organized
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complexity where there are a number of diffgfdi Tl OG2NBR G KAOK I NB Gl f
AAYdzZ GFryS2dzate yR Ay adzmifeée AyiSNO2yySOGSR
that is constantly changing depending on cloud cover, snow cover, and land cover. This
affectsthe energy absorbed by the earth and tressulting temperatureof the earth
which canmpact theweatherandthereby influence cloud cover. The magnetic bands
that surround the earth and th#ace gase# the atmosphere also have a significant
impact on the amount and type of energy absorbeédchange in the energy absorbed
would possibly result in a change in the concentrations of the molecules in the
atmosphere and this would continually act as a feedback mechanism. The atmosphere
cannot be divided into parts to be analyzed but must be é&mbét as a whole, which is
difficult since not all factors are known or understood. Due to, this impact humans
are having on the global climate by changing the composition of the atmosphere is still
not well understood although, through research & becoming more clear

Modeling, although difficult, is important in order to enable humans to better
understand what impact they may be having on the global climate. When using a
program to model the atmosphere the complexity, as well as how easy itonaske a
mistake when creating equations to use in the model, was strikiidirst the
equatiorsderived from the data extrapolated from the NOAA graph concerning the
increased concentrations of carbon dioxide in the atmosphere resulted in unrealistic
graphs By analyzing the data and progrémwas found that two differentypes of
units andincorrect time scale were beingsed for the derived equatian After
incorporating these changes thiesults of the simulationappeared to be more
accurate, ot leastagreed with current knowledge difie projected concentrations of
carbon dioxide. By making these mistakes it became clear how easy it is gechan
variable or an equation ia model that is assumed to be accurate and createnpletely
different results. Also by studying the literature that accompanied the model it
appeared that many assumptions were made. Although these are no doubt
assumptions with educated thought behind them, the slight inaccuracies in these

assumptions could result in cqotetely different predictions of atmospheric conditions.
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The inherent inaccuracies of current models of future atmospheric carbon
dioxide concentrations do not mean these models should not be credtethct it
yields insights into the possible futurdo G KS S NI KQa SO2aeadsSy
However it should be realized thatmospheric carbon dioxide odleling is not an exact
scienceyet many people, especially in politiésd it useful to have scientific studies to
back up their claims. Ofteto get public support there needs to be a legitimate reason
and science can provide this reason. In this way atmospheric models can help convince
the general populace that humans are having an impact on the environment that may
negatively influence futte civilization.Only by convincing the publaf these negative
impacts that may be felt in the near future can the society as a whole begin to plan for a
more sustainable future. People are more easily convinced of the importance of
recycling and conseing energy if they are aware that they are contributing negatively
to the future by not doing so. Encouraging people to be more environmentally
conscientious by making everyone aware that the earth is finite and all the waste we
produce is starting to d&ve an effect is important to future human life on earth. So
although the atmosphere may be incredibly complex and almost impossible to
accurately model, it is still important to create these models to makeptiidicaware
of the negative effects they arhaving on the earth and encourage thenbibetter

custodians of their home.
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11 Appendix

11.1 Table of Values of Carbon Dioxide Concentration

Year ppm
1988 350
1989 352
1990 353
1991 354
1992 355
1993 356
1994 358
1995 359
1996 361
1997 362
1998 366
1999 368
2000 369
2001 370
2002 372
2003 376
2004 378
2005 379
2006 380

Year ppm
1958 315
1959 316
1960 317
1961 317
1962 318
1963 319
1964 320
1965 320
1966 321
1967 322
1968 323
1969 324
1970 324
1971 326
1972 326
1973 329
1974 330
1975 330
1976 331
1977 333
1978 335
1979 336
1980 338
1981 340
1982 341
1983 342
1984 343
1985 345
1986 346
1987 347
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11.2 Line of Best Fit Program Used in MATLAB

% Line of best fit for CQfutput of world

% get into correct directory
cdRAIQR

% read co2 excel file into MATLAB
co2table=xIsreadfo2 last 50 years.2003.)s'

% make one variable for years and one for co2 values
year=co2table(;,1);
co2=co2table(:,2);

% calculate line of = fit and evaluate it
p = polyfit(year,co2,2);
f = polyval(p,year);

% plot line of best fit and data
figure();
plot(year,co2yo’,year,f,q")

% using data from this line find the equation y=1.3777x + 308.2309

39



11.3 CO2sys Program to Model Carbon Dioxide Concentrations
(Authored by Mayer Humi)

%file co2sys.m

function dx =co2sys(t,x)
global NaO Tam Tul Tdm betta FIbO FsbO FmbO Cmt Corg ...
eps P1 P2 P3 P4 P5 Ws Wm gamO r

Cua=x(1);
Clb=x(2);
Csb=x(3);
Cla=x(4);
Cml=x(5);
Cmb=x(6);
Cds=x(7);

%Dlu=Ku*Cua+Kul*(Nua/Nla)*Cla;
Dlu=1/Tul*(P1/(2P1)*ClaCua);

%Dlb=betta*(FIb0/Nla)*Cla;
Dlb=betta*(FIb0/Na0)*Cla;

%Dsb=(Fsb0/Nsb)*Csb+(Fsb0/NIb)*Clb+betta*(Fsb0/Nla)*CLa;
Dsb=1/Na0*Fsb0*(betta*Cla+Clb/R2sb/P3);

%Dml=Kam*(NaO/Nla)*Cla +Kam*NaO0/(Cmt*Wm)*stCml;
Dml=1/Tam*((1+Corg/Cmt)/P4*eps*Cshi(1-P1)*Cla);

%Dmb=betta*(Fmb0/Na0)*(1+Cmb*Na0/Nmb)*Cml*Na0/Nml;
Dmb=Fmb0/Na0*(1+Cmb/P5)*betta*Cml/P4;

%Dmd=Kdm*Cds+((W&Vm)/Wm)*kdm*Cml
Dmd=1/Tdm*((Ws/Wml)*CmlCds);

%gam=0.00000008741916*t"3+0.000019613384*t"2+0.00061883887192
*t+0.01508927878844,

%gam= 0.00001331894460*t"2 + 0.00073844576128*t + 0.01463567827131,
%gam= 0.00137775510204*t + 0.00962775510204;

%gam= 0.016361499481*exp(0.035091034949294*t);

%gam= .0014*t +.0096;

%gam=
0.00119496855*16.36199480707831*0.035091034949294*exp(0.035091034949294*
t);

40



%gam = .0000164637402;

%gam = 309.5510001445042*exp(0.004003456*(t));

%gam= 0.0133189446*(t+1700)54.41854128903*(t+1700)+49930.44919993667;
%gam= 1.377755*(t+170308.25;

gam= gamO*exp(r*(t+1700))

%gam= gamO+r*(t)"2;

Tpy=gam*Na0/(2000*453.6);
dx=[Dlu;Dlb;DsbDIu-DskbDlb+Dml+gamPmiDmdDmb;Dmb;Dmd];

S R—
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11.4 CO2simProgram to Model Carbon Dioxide Concentrations
(Authored by Mayer Humi)

% helpcommand prints help on the command

% define some global constants that will be valid

% when you call a function or a subroutine.

% cof is the cofficient matrix for the interaction between the reserviours
global NaO Tam Tul Tdm betta FIbO FsbO FmbO Crgt.Cor

eps P1 P2 P3 P4 P5 Ws Wm gamO r

%request high accuracy
format long

% give values to the global constants
Na0=6.156d17;
Tam=5.8;

Tul=2.;

Tdm=1500.;

betta=0.6;

FIb0=2.6d16;
Fsb0=3.d16;
Fmb0=2.d16;
Cmt=(12.011)*0.002057;
Corg=0.001;

eps=12.5;

P1=0.15;

P2=2.534;

P3=0.122;

P4=2.;

P5=0.1;

Ws=1.370d21;
Wm=(P4*Na0)/(Cmt+Corg);
gam0=2.39379;
r=0.03077;

% set error tolerance and method for the numerical
%integrator of the differential equations.
odeset('maxstep’,1.,'reltol’,1-8,'bdf','on")

%perform theintegration 'lorsys' is a file that defines the system

%[0,300] time interval for the integration

%[5,5,5] define the initial conditions
%[t,x]=odel15s(‘co2sys',[0,70],[0.0065;0.03;0.004;0.038;0.006;0.002;0.004));
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[t,x]=0odel15s('co2sys',[0,300],[0.;0.;0,@,0.;0.]);

%plot x=x(:,1) vs. time(t0=1700) in red
figure();
plot(t,x(:,1),'r’)

%ititle for the plot

title('CO_2 Concentration In the Upper Atmosphere (gamima=
0.000000087*t"3+0.0000196*t"2+0.000619*t+0.0151)")
xlabel('Time (years)')

ylabel('CO_2 concerdtion (g/L)")

%save the plot to a postscript file
%print-dpsc2-r600 CO2simEgoodgammathird.ps
%print-dpdf-r600 CO2sim.pdf

%plot x=x(:,4) vs. time(t0=1700) in red
figure();
plot(t,x(:,4),r)

%title for the plot

title('CO_2 Concentration In the Low&tmosphere (gamma=gamO0*exp(r*(t+1700)))")
xlabel('Time (years)')

ylabel('CO_2 concentration (g/L)")

%save the plot to a postscript file
%print-dpsc2-r600-append CO2simEgoodgammathird.ps
%print-dpdf-r600 -append CO2sim.pdf

%plot x=x(:,2) vs. time(#1700) in red
figure();
plot(t,x(:,2),'r)

%ititle for the plot

title('CO_2 Concentration In the Lotiged Biota (gamma=
0.000000087*t"3+0.0000196*t"2+0.000619*t+0.0151)")
xlabel('Time (years)')

ylabel('CO_2 concentration (g/L)’)

%save the plot to a postript file
%print-dpsc2-r600-append CO2simEgoodgammathird.ps
%print-dpdf-r600-append CO2sim.pdf

%plot x=x(:,3) vs. time(t0=1700) in red
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figure();
plot(t,x(:,3),r)

%ititle for the plot

title('CO_2 Concentration In the Shéted Biota (gamma=
0.000000087*t"3+0.0000196*t"2+0.000619*t+0.0151)")
xlabel('Time (years)')

ylabel('CO_2 concentration (g/L)")

%save the plot to a postscript file
%print-dpsc2-r600-append CO2simEgoodgammathird.ps
%print-dpdf-r600-append CO2sim.pdf

%plot x=x(:,5) vs.rie(t0=1700) in red
figure();
plot(t,x(:,5),'r")

%title for the plot

title('"CO_2 Concentration the Ocean Mixed Layer (gamma=
0.000000087*t"3+0.0000196*t"2+0.000619*t+0.0151)")
xlabel('Time (years)')

ylabel('CO_2 concentration (g/L)")

%save the plot to agstscript file
%print-dpsc2-r600-append CO2simEgoodgammathird.ps
%print-dpdf-r600 -append CO2sim.pdf

%plot x=x(:,6) vs. time(t0=1700) in red
figure();
plot(t,x(:,6),'r)

%ititle for the plot

title('CO_2 Concentration In the Marine Biosphere (gamima=
0.000000087*t"3+0.0000196*t"2+0.000619*t+0.0151)")
xlabel('Time (years)')

ylabel('CO_2 concentration (g/L)")

%save the plot to a postscript file
%print-dpsc2-r600-append CO2simEgoodgammathird.ps
%print-dpdf-r600-append CO2sim.pdf

%plot x=x(:,7) véime(t0=1700) in red
figure();
plot(t,x(:,7),r)
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%ititle for the plot

title('CO_2 Concentration In the Deep Sea (gamima=
0.000000087*t"3+0.0000196*t"2+0.000619*t+0.0151)")
xlabel('Time (years)')

ylabel('CO_2 concentration (g/L)")

%save the plot to a postapt file
%print-dpsc2-r600-append CO2simEgoodgammathird.ps
%print-dpdf-r600-append CO2sim.pdf

%to get out of matlab type 'quit' and return.

%---- mmmmmm e
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11.5 Graphs for First Order Gamma
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11.6 Graphs for Second Order Gamma
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11.7 Graphs for Third Order Gamma
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