CHAPTER V

MODEL AND REFERENCE VERIFICATION

This chapter presents 8 | [eSIUESA O climatic temperature change
calculation using the dev&loped- si ot comparison of the results
obtained from the deve{‘ 2) ith those "6f*the program based on the

original model and obsérvati :  relia | .\-\ ces was carried out.
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surface level (hemin called the program based on the on'ginahjnodel) provides

results ohindFempgrinde e gofbhrban] A Hosd Sk )soh e simutation

program c?weloped in this work. Though objective of both programs is to

estimate sea-surface temperature change of the globe, they have some different
characteristics. The developed program is written in Visual Basic language on
Windows system. The main principle of calculation is the same concept but the
effect of other greenhouse gases including methane, nitrous oxide, and

chloroflucrocarbon are also considered in the developed simulation program. The
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simulation can be used to predict the increasing sea-surface temperature in two
patterns. One is prediction of average global temperature at any time. The
other is prediction of global temperature change subject to any greenhouse gas
concentration. Therefore, some variables and parameters used for calculation in
both programs are different. These differences are due to an awareness of more

factors in climatic temperature change; jCalculation equations in the developed

more reliable. The develop : ogram-also provides more flexibility in
- parameters and variable el , le database for selection,
which can be changed*in farige the default values such as
model's parameters to®guidé & ™ Besides, the developed
hich users can save the
 data easily for correctihg
estimating results.

In this work the sea-k e in each kind of simulation

Variables (tmle oI % gxl:ll.lih‘;_.l;k‘_.‘.lll.i:]ll;_l; nnnnnn ='F:j . Calculated from the
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~ developed program in erde alc ted value of the program

based on the original mé;del and the observed data. The acquired simulated
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temperature chafige or the tempefature varyn'g by the oveﬁu heat transfer

coeﬁcieﬂmf&w5 W% q&%weﬁ]e’é‘ @(E}m the lower

ocean layel in the oceanic model, F,(t), is expressed as

)
F (t) = AF(t) - BO,(t) + ?‘3 0.- 0,0 - Rm[g%(t—)J (5-1)
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If we know the land-surface temperature change relates to the 1860's, eLs,
the heat flux into the lower ocean layer can be estimated. Therefore, in this
work, it will sufficient to consider only the extreme cases of complete land-ocean
heat transfer or infinite overall heat transfer and no land-ocean heat transfer or

zero overall heat transfer.

After necessaryyds nhouse gas, growth rate of

greenhouse gas, and/their phys

3" ration, heat capacity,
[

ivity of sea water are
inputted, the d ﬁeﬁﬁ:ﬂ ‘mﬁﬂlﬁﬁemperamre Some
Irepresentative s ih-Table B 1 .2 for time simulation
RS R TIIYN a e
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* specific heat, and dﬂity) as well as thermal dif



Table 5.1 Sea-Surface Temperature Change with respect to Time

Year Calculation from Calculation from
the developed program the program based on the
original model
1860 0 0
1870 C 0.0039-0.0045
1880 00113:0.0 “She " 00091-0.0106
1890 ‘ | 0.0162-0.0189
1900 0.0257-0.0301
1910 0.0387-0.0452
1920 0.0563-0.0657
1930 0.0800-0.0935
1940 0.1122-0.1311
1950 0.1558-0.1820
1960 0.2148-0.2509
1970 02947-0.3442
1980 70.4028-0.4705
1990 0. 7486 0.8744 0.5493-0.6415
o AU HIREN T U RGer
2010 9 1.3900-1.6236 1.0160-1,1867
P\ TR V2 V) R
2025 2.2270-2.6012 1.6069-1.8769




90

Table 5.2 Sea-Surface Temperature Change with respect to Concentration

of Greenhouse Gases

Carbon dioxide Sea-surface

equivalent concentration temperature change

from the developed program

WZ.,
@48 0.0056

-0.0124

(ppm)

. 49-0.0875
0.1001-0.1169
0:1464-0.1710
0 2050-0.2395
(.4 3331

i
0-0.4613

ﬂ‘u&;jjll‘l’ltl'lf 'ﬁwgggm
49" M;Ilifu ﬂ?ﬂ?’%ﬁgg‘;ﬁ d

Graphical comparison of the climatic temperature change estimated by

both programs and the observed data are shown in Figure 5.1 to 54.
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5.2 The Analysis of Climatic Temperature Change with respect to each

Simulation Factor

Calculation results in Table 5.1 show time dependency of the sea-surface
temperature varying from preindustrial period until the present when

atmospheric concentration of carbon dioxide becomes double. For the modified

atmospheric-oceanic model, of carbon dioxide but also the

influence of methane, nitrous-oxide, apd”

time simulation factor. 7 ¥

With respect

rocarbon was considered in

eloped program reports

higher the sea-surfac se'of the program based on

the original model abo 15 A ad 'in section 5.1, the program

developed in this work ?';‘”‘ eration ‘en other greenhouse gases -
= i Wl .

including methane, nitrous orocarbon, which the greenhouse

impact due to their conce one twelfth, and one fourth of

carbon dioxide, respéeti .gii Caibon Jdiox ‘Mﬁ considered to provide

could equal or exceed t.be potential wanmng of carbon dioxide alone. The

s o GBI YIS Y. v it

trapping of 20-30Mimes as much h%at as the addltlon of an m&ﬁmental carbon

dioxide RAAFIE) ag%ﬂ}%ﬁ}’}%’}lwewn in the

trapping ofl 20,000 times as much as would a carbon dioxide molecule.

_ the greenhouse effect r other greenhouse gases

Table 5.2 shows results of the sea-surface temperature change from
preindustrial period (1860). As a result of increasing levels of carbon dioxide.
combined with rising concentrations of other greenhouse gases, the global

temperatures may increase 0.7-0.8 oC by the year of 1988. The amount of each
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greenhouse gas addéd to the atmosphere will be calculated as an carbon dioxide

(CO,) equivalent concentration.

521 Temperature change with respect to time

To compare the temperature_change more clearly, the graphical results of
SRR
the increasing sea-surface tempe e alglidtad by the developed program and

#1860 to 2025, is displayed in

the program based on thewerigi

Figure 5.1.
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5.2.2 Temperature change with respect to concentration of greenhouse

gases

The relationship between the average global temperature and carbon
dioxide equivalent concentration are shown in Table 52. These temperatures

were calculated from the developed,pr
waN Rl

am of which the global temperature

change are regarded as the ¢ —‘.r effect. In Figure 52, the

significant increase of the predictet |“tefliperatures is clearly seen.

AULINENINYINT
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5.3 Comparison of Climatic Temperature Change to Reference Data

The comparison of the average sea-surface temperatures estimated by the
developed program with respect to time and that of the program based on the
original model and the observed data can be carried out by the developed

program if the user choose an option jn the simulation result form and display

menu.
tic temperature at any
concentration of atmosPhezé” gfebnl call be proved with reference
temperature data (Jo . right, P. B., 1989) by using the
concentration of greensou at &ny : i ase the carbon dioxide is

531 Temperature

;_E-‘-a:;:;(-;.:..;;..'.T-'-'.:..'.‘.I’.'.'.’.T.‘.‘.'.“...:;:;;}“ >m the 1860 to 1988,

The elevation ; -
_ predicted from both _ﬂ 0Q ta, ',Jl shown graphically in

Figure 53. In this g‘ure the reference data and the measured one are

i ﬂ'lJEl’J“ﬂEWlﬁWEJ']ﬂ‘i
ammnimummmaa
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From Figure 5.3, the sea-surface temperature predicted from the program
based on the original model is lower than the measured one. For the developed
program, the predicted value is higher than that of the program based on the
original model and more closed to the measured value. Because of the
consideration of the increasing of methane, nitrous oxide, and chlorofluorocarbon

gases, not only carbon dioxide, the pnore accuracy of the developed program is

obtained.  These gases exh 2 //E'L on the elevation of global

umt mass. There is the

tendency that they wouldsi : ¢ '“_t«.,-- alkdevelopment in the future.

532 Tempe 7 ith Zespett centration of greenhouse

To consider the : f the 2lageé temperature due to the -

atmospheric concentration developed program, the user

can compare the smulatlon resulighiiv ence temperature data, utilising

the relationship betwe@n the amounts of carbon dioxidasas

Y

any time.

As be known, the ‘global warming al}enomena take place by an increase

 ve ool APEHTNAAL G on oo o

reemit the longétfwavelength radlaté;on Consequently, heat is trappmg in the
lower pﬂ Wq mﬂxﬁsﬁﬂ m% Wﬁq aﬂE’OCUS on the
influence &f four kinds of gases hence in Figure 54 we indicate the significance
of all greenhouse gases in the developed program compared with the case that
only carbon dioxide is considered. The estimation results is also taken to

compare with the reference data.
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The graphical results in Figure 5.4 indicate that the developed program
with considering all four kinds of greenhouse gases predicts higher the sea-
' surface temperature than the case of considering carbon dioxide only. However,
the simulated sea-surface temperatures from the developed program agree well
with the observed temperature data. Therefore it can be concluded that the

developed program using the modified atmospheric-oceanic model can provide

\ ‘i
5 |
k mnea

more precise results of the clim
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