CHAPTER II

GLOBAL WARMING IN CHEMICAL ENGINEERING ASPECT

The serious trouble ‘)arming recognised recently is

caused by the increase e able to hold the thermal
energy. The processes o efiperature ¢ an ges. generally consist of heat

conduction, heat convecti

increase can be done bysisin: » servation of a determined
system. ’ % 4 ’ \
Y Rt \

2.1 A Control Volume

\ estimation of temperature

A control volume i ace having a finite volume

and having presc ;T(;v_,?"‘”“‘“""“‘“'“ "!-' separate the region

" from the rest of the ulﬁerse.' ' of o rvatiom of mass and energy may
be applied to such a €ontrol volume. aMere, we concern with nonnuclear

processes so t}ﬂ fu H lerﬂm f§ msﬂﬂen § can be considered
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In this work, a computer program is developed for predicting the climatic
temperature change of the Earth, resulted from the more heat trapped by the
carbon dioxide and other greenhouse gases in the troposphere. The Earth
including the atmosphere is a control volume, while the space as well as the sun
is the surrounding for this system. Energy is allowed to flow across the

boundary, but matter is not, therefore the control volume of the Earth are



specified as the closed system or a batch reactor, which has neither input nor
output of mass. The amounts of individual components may change due to

reactions but not due to flow into or out of the system.

Since the space is considered as vacuum, there is no heat transfer

volume is the outgoin 1gth radi Jtior _Inside the system, thermal
energy may also transfer oy virf Ul > heat co

Figure 2.1.
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Figure 2.1 Control Volume of Conservation of Energy

For this system, energy transferring into the control volume is not equal to
energy radiating out of the system, due to the alteration of chemical composition
in the control volume. In this work, some of the long-wavelength radiated from

the Earth is absorbed by the greenhouse gases while the incoming solar energy
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is still constant. A rapid increase in these gases concentration with the growth
in human population and industrial activities, may alter atmospheric heating
rates, resulting in the global warming phenomena. From the above details, we
can conclude the description of control volume concerning this work as shown in

Table 2.1.

Table 2.1 Description of th ’% this Work
—

—
Description of ; te) \v olume of this work
general control voldime A7 ‘ \\\\
System e - & - osphere

Surrounding : A 4 . Spa . sun
Input of mass |
Output of mass
Input of energy Solar radiation

Output of energy 3 elength radiation

Heat transtt ’c;=_=‘_—' ti
System - osed system
Reactor Batcl;aieactor
s o UNTHEHAT
Gas Comﬂanent Atmosphenc gase
RRAFIN iElJ e 0k El
% Change Thermal energy is more trapped.
Cause of change The increase in greenhouse gases concentration
Unknown variables Average global temperature

For the control volume (the Earth), the surface is dominated by existence

of two fluids envelops: a gaseous one, the atmosphere, that covers the entire
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Earth and a liquid one, the ocean, lying below the atmosphere and covering
nearly three quarters of the surface and the land covering the rest of one quarter.
To simulate the change in this control volume, it is necessary to consider both of
ocean and atmosphere. Consequently the modified atmospheric-oceanic model
is developed in this work. As we consider the globe as the control volume and

simulate the change in this contr l;, e by developing the model, therefore

the simulation results acquire to the results of temperature

change of the globe.
22 Energy Input

A control vol arth . S ~ ; nergy supplied from the
sun like a batch reacter i . ' processes. The amount of
energy received from th 10sphere is called the solar -
constant. Details of ener | is described in the following

information.

X

7
Unlike conductien a rﬁgy is transported in form

of electromagnetic waves, and does not rgglire any medium. Any object can

emit thermal rﬂa%% ww @ w;&]e’qoﬂ @mh radiation a real

object emits is tcﬂcompare ittoa thOeoretlcal ob]ect called a bJa

lackbody is defined to be a perfect emitter as well as a perfect
absorber. As a perfect emitter, it radiates more energy per unit of surface areas
than any real object at the same temperature. As a perfect absorber, it absorbs

all radiation that impinges upon it; that is, none is reflected.
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For a blackbody with surface area A and absolute temperature T, the total
rate at which radiant energy emitted is given by the Stefan-Boltzmann law of
radiation:

E = GAT (2-1)

where

Actual objec it “as " uch fion as the hypothetical
blackbody. The ratio of int"pf Tadiation ‘»5 an actual object would emit
to the amount that a b _ SMit at the\same temperature is known as

the emittance, € The emit of most' p ‘\ terials is relatively high and -

The solar const: g the rate - pich_soiar radiation falls on a surface

X

~ located at the top of ti 1‘ tes height from the Earth's

surface) and posmoned perpendqular to the solar radiation. The “constant”

designation is ﬁtﬁl%%ﬂ Wsﬂlﬂﬂaﬂ ‘gxput fluctuates by a

few tenths of aipercent over a y%ar and exh1b1ts some longer term variations.
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While the Stefan-Boltzmann's law gives the total rate at which energy is

radiated from a blackbody, it does not tell us anything about the wavelengths
emitted. A blackbody emits radiation with a range of wavelengths that can be

described with a spectral distribution such as the one shown in Figure 2.2. The
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wavelength at which the spectrum reaches its maximum is, known as Wein's

displabement rule:

2 2898
(Wm)= — (2-2)
max T(K)
B
t
S
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Intensity (W/m2-um)
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(a) Shom‘;ng Wein's Rule for the Wavelength at which
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Showing the Effect of Temperature

The way to interpret a spectral diagram is to realise that the area under
the curve between any two wavelengths is equal to the power radiated by the
object within that band of wavelengths. Hence, the total area under the curve is

equal to the total power radiated, given by the Stefan-Boltzmann law. Objects at



14

higher temperatures have higher curves (greater area). In addition, Wein's rule
indicates that objects with higher temperature reach their maximum emission

intensity at shorter wavelengths, so their spectral curves are also shifted toward

the left, as is shown in Figure 2.2b.

electromagnetic spect seEimitted| vay ~'- pout 0.60 Um in length.

Figure 2.3 shows how the ifffenify 6f st adia aries by wavelength.

INTENSITY OF SOLAR RADIATION ————>

I
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23 Energy Output of a Control Volume

If the solar radiation were continually absorbed by the Earth-atmosphere
system without any compensating flow of heat out of the system, the air

temperature would rise steadily. In reality, the average global air temperature
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changes little from year to year, because an equal amount of heat leaves the
Earth-atmosphere system, mainly in the form of infrared radiation. It emitted
ceaselessly, both day and night, by the entire Earth-atmosphere system.

The cooler the surface of the Earth, emitting radiation at an average

temperature of about 288 K, the longer jnvaves are emitted, as shown in Figure

responds to solar radia; ennitting comparatively long-wave radiation.

Y]

i
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INTENSITY OF TERRESTRIAL RADIATION ——>
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Figure 2.4 Inten51.;y of the Terrestnal Radlatlon
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We assume that the Earth is uniform, with temperature T(K)
everywhere, the energy, E, radiated from the Earth with surface area of 47tR is

given by the Stefan-Boltzmann equation as

E,= G4TR’T" (2-3
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Actually, the energy transferring from the Earth is not the thermal
radiation from the surface only, but the latent heat, and the sensible heat are
also. Nevertheless, in this work, we consider only the energy escaping in
radiation form because it considerably higher than the energy from the others as

shown in Table 2.2.

Table 22 Energy Output Harte J., 1985)

2.4 A Change in the Co

Reactant canschanges fo prodic Qere~ are chemical reactions
At t ‘:‘ ctivities increase more,
" the amounts of greenlgxse gases in tl Ontro volu@ will also become higher.
These will cause more thémmal energy to meed in the %lobe control volume.
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In this work we consider €arbon dioxide, methane, fittous oxide, and

cncronpilbl AN AR, e

warming, carbon dioxide contribute 55 percent, methane contribute 15 percent,

taking place in a .;-’;,r‘,,“

nitrous oxide contribute 6 percent, and chlorofluorocarbon contribute 24 percent

of the greenhouse impact (3¢NTING1T, 2534).

Creenhouse gases are emitted to the atmosphere by natural and

anthropogenic processes. Carbon dioxide is emitted from natural sources as
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volcanic emissions and decaying organic matter, and anthropogenic sources as
fossil fuel combustion, natural gas flaring, cement production, and clearing land.
Methane is emitted by a variety of sources, both natural and anthropogenic.
Natural sources include wetlands and wild ruminants. Human-influenced
sources include extensive rice cultivation, livestock management, natural gas

venting, and biomass combustior Nitrous oxide is emitted by the

ion of fossil fuels and biomass.

Y
decomposition of organic matter a \ g
Chlorofluorocarbon are a_grotip-of s Gtw chemicals used as aerosol

propellants, refrigerant W

‘ S
developed program, we \\?\:\\

gases from all of sourCes g

blowing agents. In the

ratlon of each greenhouse

- '
' r
Jﬂ L
- . Surface area = 47R?

J -JJ

‘\ J“'J#f-f 3
Solar radiation |
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Figure 2.5 shows a simple model that treats the Earth as a blackbody.
Radiation from the sun arrives just outside the Earth's atmosphere with an

2
average annual intensity, called the solar constant, S, equal to 1372 W/m . A
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simple way to calculate the total rate at which energy is absorbed by the Earth
is to note that all of the flux passing through a disk having radius equal to radius
of the Earth, and placed normal to the incoming radiation, strikes the Earth's
surface. Since we are considering the Earth to be a blackbody, all of that

incoming radiation is absorbed, so we can write

(2-4)

where E_ is the rate of 1401 (0)¢ aged over all latitudes for a

year's time) and R is the z ' ot , | in meters.

The first law of t \c ~\ tiat energy can neither be

created nor destroyed s in any given process, as
\ P

when chemical energy i eat and electricity in a power

1 fadoriid .+ | ;
plant, or when potential ene -ff;‘ﬁn "" behind a dam is converted to
: ; TR AT .
mechanical energy that spins a furbine ir ectric plant. No matter what

is happening, the fii 7?—-»“ N say l‘: “account for every bit of

- energy as it takes pa:ﬂ.n the'p

just as much as we had inthe beginning. gWith proper accounting, even nuclear

s v iy e r%‘s&ﬂ@ ot & e
R ADIHURIRNLAAY o e

energy is cons1dered to be equal to enthalpy as explained from the first law of

study, ﬁthat in the end we have

thermodynamics.
AU = AQ + AW = TAS - PAV (2-5)
where
AU = change of internal energy

AQ = change of heat
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AW = change of work
T = temperature
AS = change of entropy
P
AV

pressure

I}

change of volume

Since energy is co the following equation for any

systems. ——
Rate of energ; at \\q\:\\{i
fe ;1 @un the internal energy of
tthals ’\“{‘ ‘ (2-6)
where the inteiflal Sndfgy i8°the enorgy i in the system. Because

there is no change in th€ vy , We Can estimate that there is no

work done by the system. ge In the internal energy is equal
to the change in the enthalpy,“wWhic! e, calculated by the following

equation. : 4

199'= mCAl (2-7)

¥
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amount of enerﬂy required to raige the temperature of a wypit of mass of a

s W ANIR TOLABIN HAGE e smons

temperau?re of the water is 15 e (59 oF). Value of specific heat in the SI system
is given in J/kg C, where 1 cal/g C = 1 Btu/Ib'F = 4184 J/kg C.

If we go on assumption of steady-state condition, which the Earth's
temperature is not change with time, we can equate the rate at which thermal

energy from the sun is absorbed with the rate at which energy is radiated back
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to space. And, since the Earth's temperature is assumed constant, we assume
that there is no change in the internal energy therefore the energy absorbed is

equal to the energy radiated.

snRr’= ocanriT? (2-8)

Then we will be able to solvexfer. the h's temperature from the above
equality. Notice that the radilis-of the nveniently dropped out of the
o —

equation:

As we consider the perature model, the calculated

global temperature after 0 ergy is lower than the

observed average ;1,1?'“” A6t Jthat the Earth cannot
" absorb the whole inpumolar energy, some of the sol@energy are reflected from

the control volume itself. € Moreover, this model does not consider the change of

internal energy@lnu &lhm EI ﬂ ﬁ 'W El‘ /] ﬂ ‘j
s ABARSNIAUUMIININE hnesr

One simple modification of the blackbody model includes the reflection of
the incoming solar energy of the atmosphere and the Earths surface back into
the space. Such reflected energy is not absorbed by the Earth or its atmosphere
and does not contribute to their heating. Then the control volume in this model

can be considered as gray body rather than black body.
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The emittance and the absorptance of gray body are independent of
wavelength. The term gray is employed to indicate that the surface is
cdmpletely unselective in its spectral characteristics. Due to the fact that our
system cannot absorb and emit whole radiation, then the concept of gray body is

applied in this model as well as the developed modified atmospheric-oceanic

e surface. We have seen

\\\\“
» do as high as 95 percent.
p\\

that clean, white snow of the solar radlatlon that

The albedo of a watef suffag angle at which the sunlight

reaches it. Such snow, e grg

$
strikes it and whether the s gile!

Incoming

solar reradiation :>
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Figure 26  More Realistic Model that includes the Earth's Reflectivity

The global annual mean value of reflectivity is usually estimated to be
about 30 percent. Figure 2.6 shows that revised model, again under the

assumption that the Earth is a blackbody absorbing all of the nonreflected,

"Uﬁuﬁﬂfﬁ‘l HO'IUH)YIHL! n

{
) "‘h! asny mr )Monm |
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incoming solar radiation. Setting the absorbed energy equal to the reradiated
energy, assuming equilibrium conditions and a uniform temperature for the

Earth, yields

S(1—o)TR’= G4nR’T * (2-10)

where QU is the albedo (reflect is usually called the effective.

temperature, or the equiva on ) ure of the Earth. Solving for

T, yields

(2-11)

.f.r"'r .:_J""
[ o O 1/4

AT Frn 4
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an

\ 7 Ay
U :
The correction hat we have apphed to acCount for the albedo has

unfortunately Vﬁﬁﬁsﬂ'}ﬂ ﬁﬂ W\EI!IT ﬂlﬁl percent off of the

correct data, t seem a modest error in term of life on the Earth, the

256 K | @fﬂ@ﬂ 45 mw fvrqmﬂ Elm‘dal E}planatlon for

why the h is (fortunately) not that cold. The key factor that makes our model

- — IF K
e 4X007x10 Wi —_—_-?

differ so much from the reality is that it does not take interactions between the
atmosphere and radiation that is emitted from the Earth's surface into account.
That is, it does not include the change of internal energy in the control volume
by assuming the change of temperature varied by the time is constant or, it does

not contain the greenhouse effect.
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2.4.2 The Greenhouse Effect

The surface of the Earth is 33 OC higher than what is predicted by (2-11).
To understand the reason for the higher temperature, it is concerning the
spectrum of wavelengths radiated by an object and its temperature. Wein's

displacement rule gives the wavel

ng i which a blackbody spectrum peaks,
as a function of absolute tempatature as b\ (2-2).
_’..“.1'-!
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Figure 2.7 (a) Normalised Radiation Curves of the Sun and the Earth

(b) Characteristic Absorption Curve of Greenhouse Gases

(Wallace, J. M., and Hobbs, P. V., 1977)
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The sun can be represented as a blackbody with temperature around 6000
K, so its spectrum peaks at around 05 um. The Earth, at 288 K, has a peak
wavelength of about 10.1 um. Figure 2.7a shows the two spectra normalised to
have the same areas. Notice that nearly all the incoming solar energy arrives
extraterrestrially, with wavelengths less than 4 pm, while the outgoing energy

radiated by the Earth has essentially fjits energy in wavelengths greater than

4 um. With so little overlap, we can at the solar energy is the short-

wavelength radiation, whil& the~enerqw radiated@ fom the Earth’s surface is long-

wavelength radiation, di

In Figure 2.7b n the atmosphere to absorb

radiation is shown as that all of the incoming
solar radiation with ltraviolet) is absorbed by
oxygen and ozone. S ¢ peib ~Gf Witra i-‘ occurs in the stratosphere,

shielding the Earth's surfa faarmifil iolet radiation.

Figure 2.7 v._--—--;; ---------------- """“_:*r- h energy radiated by
- the Earth is affectei'jb - dia@rely active gases, most
importantly water vapoui- H 0), carbon dio de ), nitrous oxide (N,O), and

e | N G BT I Ao o

wavelengths les¥than 8 Hm and greater than 18 um. Carbop, dioxide shows a
strong aQoWisa @ﬁﬂcﬂt@mw %t% Ia)alﬂo 18 um, as
well as bands centred at 2.7 and 43 um. Between 7 and 12 pm there is a
relatively clear sky for the outgoing thermal radiation, referred to as the
atmospheric radiative window. The radiation in those wavelengths easily passes
through the atmosphere, except for a small, but important, absorption band

between 9.5 and 10.6 um associated with ozone (O,).
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Radiatively active gases absorbing wavelengths longer than 4 um are
called greenhouse gases. As Figure 2.7 suggests, these gases trap most of the
outgoing thermal radiation attempting to leave the Earth's surface.  This
absorption cause the atmosphere to become warmer, which, in turn, radiates
energy back to the Earth as well as out to the space, as shown in Figure 2.8.

These greenhouse gases act as a a} blanket around the globe, raising the

Earth's surface temperature nd the ' ol temperature calculated eatrlier.
It is interesting to note tha e e ct is based on the concept

of a conventional gree / 7la ”'-...,\ like these kinds of gases.

\\

€ vated temperatures inside

AUt e Gxeenhousﬂﬁfl’a'
AN T UAIINYARY oy

would be 255 K as predicted by (2-11). That is, the planet would have an

average temperature of -18 C, or about 0 F. In fact, one way to quantify the
magnitude of the greenhouse effect is to compare the effective temperature g

given in (2-11) with the actual surface temperature o

o

Greenhouse effect (C)=T - T (2-13)

S e
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Thus, since the actual temperature of the Earth is 288 K and its effective
temperature is 255 K, we can say that the greenhouse effect adds 33 oC of

warming to the Earth's surface.

Let us add some quantitative information to the simple greenhouse

diagram presented in Figure 2.8 suggested there, it is convenient to

consider the Earth, its atmesphere,' and #Le’ outer space as three separate
regions. We will norma 58 ane ﬁhese regions by expressing
them in terms of rate( , \ ¢ Earth. For exarnple (2-4)

indicates that the tots 3 ing is SnR . Distributed

over the entire surface of ~,\-\ radiation is equal to

Incoming solar eflergy §= S ;_ =41377 n = 343 Wim’

Surface area of the'Eagth 47K
# ‘ﬁf » ',—':l-'-.l;.
LI

oot

Since the albedo (reflecti 15730 perc ey of incoming radiation

(2-14)

]
090X 343 Win” = 103 W/’
Of this 103 wﬁ uﬁl/ﬁ V1&g nﬁﬂw Bl )R s o white e

remaining 14 W/m is reflected off of the Earth'sasurface (Harte @ 1985).

ARIANN 3TN N REEREE

Amount of the incoming radiation absorbed by the atmosphere and the

reflected back into .‘—

Incoming r@aion eflected

Earth is
Incoming radiation absorbed = 0.70 x 343 W/m2 = 240 W/rn2

From all of 240 W/mz, 86 W/m2 is absorbed by the atmosphere and the remaining
164 W/m' is absorbed by the Earth's surface (Harte, J. 1985).
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If we assume that the global temperature are unchanging with time, then
the rate at which the Earth and its atmosphere absorb energy from the space
must equal the rate at which energy is being returned to the space. That is, the
Earth and its atmosphere must radiatel 240 W/rn2 back into space. If the
temperature of the Earth's surface were at 255 K, it would radiate 240 W/mz,

which is just enough to balance the jncoming energy. We know, however, that

the greenhouse gases would not reclidat erefore, to force enough energy
through the atmosphere te ‘r Decessa ance, the temperature of the
Earth's must be higher | |

If we treat the S8(2-3) to estimate the rate
at which energy is radi ard the atmosphere. We
could use temperature emperature, but this is the
actual temperature of the -

sidered to be about 2 OC higher.

temperature of the air j
solid and liquid surface of

Using 290 K in (2-3) gives

‘- urface area

ﬂUﬂ"J‘lﬂﬂ'ﬂiWH’]ﬂ‘i

= 567 x 1.0 VWm K % 290& = 401 W/mu (2-15)
YRIANNIUARINEINE
Of that 40{I W/m , only 20 W/m passes directly through the atmosphere, mostly
through the atmospheric window. The remaining 381 W/m2 is absorbed by the
greenhouse gases in the atmosphere. The atmosphere then radiates 344 W/rn2

back to the surface.
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All of these energy flows are shown in Figure 2.9. If this model is
internally self-consistent, the rate of energy gain should equal the rate of energy
loss in each of the three regions: the atmosphere, and the Earth's surface.

Consider the following checks:

The Earth’s surface: 4ot S 805 M7+ 20 + 381
The atmosphere: 2 290 + 344
The space: :

So, the model shows

o F iy Radiation from
Incoming so i | Jiation from atmosphere to
ace to space

Radiation from
atmosphere to | 344
surface

72N T N7 SN SN A

\NSETIN YA

Figure 2.9  Global Average Energy Flows between Space, the Atmosphere, and
the Earth’s Surface (W/mz) (Harte, J., 1985)
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2.4.3 The Modified Atmospheric-Oceanic Model

The program developed in this work takes more consideration on other
greenhouse gases including methane, nitrous oxide, and chlorofluorocarbon for
the accuracy purpose. As discussed, the ocean has a strong relation to climate

system, therefore we consider both of.

, thosphenc and oceanic model.

Oceanic Model

— —
—
The ocean, whieH' cov@rsfahott 4 ‘. \\Q\Q he planet, is the greatest

climate-feedback system. gb, thie A \ of the ocean have as much

\
\\\ \ an is able to absorb and

er and characterisation is
defined as a mixed layer J€ ﬁg .h_f : rec 3

mixed layer, heat transfer’can-oce , I ell' so that there is no spatial

System, respectively. At -

variation in the temperatur AL Fr-.___'_ F of more than 70-meter depth,

ocean's temperature ;_f_._f.::'::.‘:‘:.'.:::’.:;‘:—_:z—.—_m-

Fi

dethz
# P

We can determine the temperature g;oﬁle in a system by generalising the

e e o4 BB HEIAR T o s v s

with a stationary®olume element thgpugh which ‘a. fluid is ﬂow% we then write
the law@] Wﬁé}\ﬂﬂ ﬂ !'Eem f%]tw fl:‘ﬁJCWﬁsﬁ] ﬂh.El this volume
element atlany time:

Rate of accumulation of internal energy

= Net rate of internal energy in by convection

+ Net rate of heat addition by conduction (2-16)

The rate of accumulation of internal energy within AxAyAz is
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apd) (2-17)

AxAyAz o

~ Here ﬁ' is the internal energy per unit mass of the fluid in the element, and is

the magnitude of the local fluid velocity.

(2-18)

nvection into the element
is

(2-19)

ftr o &
Here g, is the z-component of t ---:-— i

We now t; S drto Equation (2-16) and
- divide the entire equation by aking , e limit of the resulting

expression as Az approaeh,zero, we obtaingan equation of energy balance:

AU INBNINEINT

aApl) _ dqg  auy(pU)

amwﬂmummmaﬂ

Intemal energy 0 may be considered as a function of temperature T (for

an ideal fluid at constant pressure and volume), so that

w=%m (2-21)



31

here Cp is the heat capacity of the fluid at constant pressure, per unit mass.

Because p in the above equation can be assumed constant, therefore

a0 T
By substitute Equation (2-21), E 22) into Equation (2-20) and consider
the fluid velocity along z-
(2-23)

The simplificatier TuaLti N (223)iis obt: medby expressing g, in terms
of temperature gradients. gen, 0 ;‘;_I NtOD :\ fuid with constant thermal
conductivity (k), Equation”(2:23) ‘_;f,»f’b',-f_ b

falans )
PC_ —=K OC L, i) (2-24)

o A

Iy )

In this case, the ps‘gnated global average temperature is compered with

the steady sta ‘eugﬁ %}E}ym ﬁfw&%ﬂé revolution (1860) as
Y

follows;

PIAATUAMINAE

0, (z.t)= T, (z,t)-T, (21860) (2-25)

By defining thermal conductivity k and fluid velocity U, in term of thermal

diffusivity K, and velocity along z-axis w, respectively, Equation (2-24), and (2-25)

can be written as follows:
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2 (zt) 06 (zt) 00 (a1)

=K i (2-26)
ot 0z 0z

The lower oceanic temperature at any depth or 0 (z,t) depend on the heat

flux from the atmosphere and mixed layer system to the lower ocean layer, F(t).

(2-27)
where
k = Thermal ¢
Replace thermal cand (&) o f thermal diffusivity (k), density .
(p), and specific heat (C), i 7 folloy
(2-28)

ﬂﬂﬂ?@é&ﬁt’lﬁl‘éﬂmﬂ‘i -
QRAININ NW’W’JWEH& d

Eqtation (2-29) can be considered as the boundary condition of Equatlon
(2-26). If we differentiate the lower oceanic temperature with depth (z) and
rearrange those equations, the average global temperature change at sea-surface,
0,(t), is acquired. This sea-surface temperature still up to the heat flux

transferring to the lower layer, we may derived from the conservation law of

energy in the mixed layer.
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Heat flux absorbed by greenhouse gases at the troposphere together with
heat transfer from the land to the ocean and heat flux from solar radiation
absorbed by surface could change to the heat flux in the atmosphere and the
mixed layer that transfer to the lower layer. Some parts of the heat flux is
emitted by the Earth surface as longwave radiation. The remaining heat is

trapped in the mixed layer. In thi s, we considered only the albedo effect of

F, () = AF(t) dec‘l’t(t)} (2-30)
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In the atmospheric model, the heat fluxes accumulated in the troposphere
resulting from the increase of the greenhouse gases, especially carbon dioxide,
methane, nitrous oxide and chlorofluorocarbon, were calculated. The higher the

amount of these greenhouse gases, the higher the heat radiation from global
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surface can be absorbed by these gases in the atmosphere. These cause the

global temperature elevation.

Heat fluxes occurred from the carbon dioxide gases at various periods of
time can be estimated using Equation (2-31). This correlation is the net amount

of the solar energy that affects the Earth and the thermal energy radiating from

the global surface of 2 levels; @ ace and the upper level of the.

troposphere. The difference hese two levels is the amount

jer partof L osphere. This estimating is
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of the heat accumulat
considered in various
fluxes and the conc w f’i’*.\ﬂ en the relation with time is
also acquired. The es can be estimated by
using an index of whic _' Gtk 3. various greenhouse gases

with that of carbon dioxi ' - mi ! ' ntial).

(2-31)
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