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Mathematical and Statistical

MOde“”g@f 3lobal Warming
Do we sc:1ent1ﬁ ﬁ T erspad Hie ot \cept of “Global
Warming™? ‘*' <
= Recent Definition: “G GISPNIRVARIVIIING - an increase

In Temperature at th
caused by the greenhOISCIRL CELS
Carbon DIOXIde ,,), (eirgentioy

Supposedly | i
— assumed to be true Witho t conclusive evidence :
— Hypothetical, conjectural, etc. -

house Effects-
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Wlklpedla(on Ilne encyclopedla)

projected continuation.




MEDIA CHAOS: PRO AND !
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*Intergovernmen el on OISR Change

(IPCC) “Climate G A IHWD [F
= [ncrease in TenMee HETCase Sea Level
- Unpredlctabl Peirtern I Rl ,.1
= [ncrease in E XUEMENVEALier E ents
-Alteratlons in Agric iculture Yields
= [ncrease In River Flows

= Etc.




PRO - GLOBAL WARI\/IING
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f'_" — Fiction VSg éﬂlt U drenc

— American Meteor@l®
— American Geod aphi
= National Academies
— Blame Human Activities
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CONCERNED / SKEPTICS

"I-i

:; — “The Grea@; ,@a ‘7
= NASA Scientists 3

— (Stated: . there 15 absolutely nothing we can do to E

correct the situation) =
= ABC - 20/20: Broadcast — “Give Me a Break”




CONCERNED / SKEPTICS
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Wall Street Journal
“Global Warmjing= 5390-- ears-old news”

= “The various; #d ined by NRC — &
-~ National Reseafch Cbt ) onclude that
the observed dlsparlf & .m oo face and
atmospheric tempera iofre trepels d
period is probably atyl SASCEY tialll :3 l”

L Uncertamtles In aI

ShIg
N1

— NRC concludesitiial l\/l(l dJOT; r\.l\ nces” in scientific
methods will be necessanybefore these questions
(GW) can be resolved:™

.. spread fear of “Global Warming” demonizing,
hydrocarbon fuel.




Do We Understand the Problem of
Glob,_;,-",_,‘;; E1!

" Zero Legal L iSlative Relitiess\\Why?
- & : o o - |
= Contlnental U. S >

— Popular Claim to GJg@e
Temperature and CAIbg

= Need to Understenic!
— Temperat'u re Behavior(Iype
_ Carbon Dioxide (Type).
— Their Relationship

Al luﬂmu iine Marriage of
psidle (S 2)
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Temperatu re

: Atmosphe;

‘= Surface
— Land
— Ocean (73%)
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Atmospheric Temperature Data

grpe

= USCD (189-\' éO’l." 'IVISIOHS

o Proposed VersIonsst
U. S. in Equal Segrt
— Uniformly Welghted
— Statistically Correct -
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=8 Clip the grids that
~ | polygon
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I ampling Stations and Grid Point
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Sampllng Statlons and Grld Pomt




Comparison on Version 2 Temperature

osed \Version *

= Year t_‘ Temperature
| 1998 5604 73 Sl  6.0452266
2006 - .97 _ NS 532124871
1934 54878 TP 55.1708375 =
1999 54 060N poos N 5516739946

1921 55.07299072
2001 54.96006998
1931 | 54.92172591
2007 54.33 1954 54.90617377
2005 54.31 1999 54.83801259

1990 54.31 1946 54.77032593



Atmospherlc Temperature

I- Descriptive Analysis#=
— Tabular, Graphm?{\ /
~= Parametric Analysjs /=

exIO{—Z[("](X ~0)— )/ o1’}
(X—Q)G\/Z

e 3

f(x;u,0,0) = ' X>0, u,0>0 —

_ Shape EEAYNE
- " 7 I

— Location PFHEREES
— X: Temperature

= Thus, we can probabilistically characterize the behavior of
temperature and obtain useful information.




Temperature _Forecastmg Model

= \ersion 2:

e
M

)a =1.0952x, , —0.0556%, , —0.0396X, , +0.9964x, ,, —0.9009X, ,, +
0.0554x, ,, +0.0395x%, ,. +0.0036®, X, ,, +0.0916X, ,. +0.0002x, ,, +
0.00014x,_,, —0.9855¢,_ , —0. 97415 4, +0. 95995t 13

" — 00131 SE=0.056

B Ref. (Shih & T’sokos, Vol. 16, March 2008,
NP&S Comp.)
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March 2006
April 2006
May 2006
June 2006
July 2006

August 2006

—

_
{

September 2006

October 2006
November 2006
December 2006

January 2007
February 2007

Estlmated Values

53. 13‘”5'6137
44,58 43.3947
36.79 34.7224
31.46 32.6854
32.86 36.3025

Residuals

-0.7312
2.86942
0.48486
0.83478
1.52532
-0.1267

-2.9469

-2.4837
1.18529
2.06761
-1.2254
-3.4425




Monthly Temperature VS. Our
Predigted Values

¥

B Original Data
B predicted Value

Temperature




Yearly Temperature Patterns

January

December February

November

October

September




CO, Emissions: Related to Gas, Liquid, Solid Fuels,
Gas Flares, Cement Production




Mauna Loa
.Cape Kumukahi

® Christmas Island
- ® American Samoa

®Kermadec Islands

} Baring Head

| | South Pole
S0E 120E 180E *BI]
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CO, In the Atmosphere
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Deforestat.lon and dest
Terrestrial plant resgiiiatio w
S "% [

Respiration
the flux from ocean .
terrestrial ph.otoskywr

the flux from afmosphere to oceans

burial of organic carbon and limestone carbon




Deoﬂ }?\W =™ {63 Root
| ) - -

organisﬁﬁn / Dead organisms respiration
and waste products




To Understand CO | Atmosphere

= Development of legal poI|C|es

— Development of Economic models of Global Warming for
Implementing legal policies




Parametric Analysis / Inf fent ,.J ., { &

o | oi—
—
p—

F(x) 1-exp{— (—7) Yix>0f

- Scale ‘%
— Shape oo =2.779

— Location g 7/ 3437
— X: Atmospheric CO,

X —343.7

FO) =1-epiA— g )"}

= Thus, we can obtain, E[X], Var[X], S.D[X], Confidence limits, etc.

Atmospherlc CO (1958 2004)

— It is best characterlz y vp’ar W w dndlits C mulative form is given by

[




Trend Analysis: Determine If
Atmospheric/ ~’_;,§'~Te e‘nds on Time

= The E(X):ﬂ-r(l—i):ﬂ amma function
a

= Consider A= (t)+g ot

= Best Fit B -
1, =314.028 +.00225t + 8.7475 x10781>

A | I
= 2108 4 = (Lt
¢ Pe=0ges7 Tt 2108

Thus, F(x) as a functionGINITENS
X — 354 5534 +. 00225t + 8 7475%x107°
F(X):l—exp{—( ( ))2108

17.092 !
Using this result we can obtain projections with a desired degree

of confidence, ten, twenty, fifty years from now.




Trend Analysis: Determine If Atmospheric

-—-»-
S—

= That is, 10 y'.»rm O, (DL' at 95% level |
of confidence that the %&MJJP aimount of
carbon dioxide in the armwmere will be
between 381.35 anel’ 410X njjf =3

= 20 years, 2028, 95PNGIMIELVE 1397.2 and
425.96 ppm, ete: l
-




Profiling: Ten Year Projections
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Projections through 2018
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Year
e

LIS

2000

2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
-

S

2026
T

S




Time Series Plot on Monthly CO,




The CO, Emlssmns Model

ffﬁ_‘

&—

—

—

BlZ)g

CO, =1.5203x,, —0.5203X, , +1.0049x, ,, ~1.527749%, ; + 0.5228495X, ,,

—0.0049x,_,, + 0.007449x, _,. —0.002549x, ,, —0.9988¢, , +0.1234¢, ,
—0.8523¢, ,, +0.8512772¢, ,, — 0.10517¢, ,



Predicted Value

Original Data

Forecast

1:00. Observat

lons VS.

V)
(0p)

Em

Values for the-

2

Monthly CO

suolissiwg ¢00




Jan-03
Feb-03
Mar-03
Apr-03
May-03
Jun-03
Jul-03

Aug-03
Sep-03
Oct-03
Nov-03
Dec-03

133.697,

| -.._121 7753 |
125.2487
126.2127
143.1509

’ g TN
1 17f6'3!.d_

125.9811
126.812
141.1834

Residuals
2.3937
1.5162
-3.6933
-3.5471
-1.9302
-2.3616
3.0706
2.3444
-2.0542
-0.7324
-0.5993
1.9675




Time Series Plot for Monthly CO, In
the Atmosphiere-1965-2004




;d‘

The Atmospherlc CO Model

" ARIMA(2,1,0) 7 0
(1 ®,BY — ®,B*)(1- ¢1B $,B2)(1—B)1— B2)x, = (1—-T,B%?)¢,

= After expanding the/iTotEl ‘im IS} rtlng the
coefficients, we haig w8

CO, =0.6887x, , +0.1989x, , +0.1124x, , +1.0759x, ,, —0.74097x, ,, — [
- -~
0.213997x, ,, — 0.12093x, . — 0.0683x, ,, +0.047038X, . +

=

0.013585X, ,, +0.00768X,_,, — 0.0076X, _,; +0.005234X, ,, +
0.0015116X, ,, +0.00085X, ,, —0.8787¢, ,,



Monthly CO, in the Atmosphere VS. Forecast
Values for the
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— Original Data
™~--Predicted Value




Jan-04
Feb-04
Mar-04
Apr-04
May-04
Jun-04
Jul-04
Aug-04
Sep-04
Oct-04
Nov-04
Dec-04

374.1482
375.6897
377.2186

Residuals
-0.0063

-0.239
0.2263
0.8547

-0.1968
-0.6639
-0.5589

0.023

-0.1271

0.0918
0.1703
0.2614
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Total Atmospheric CO2

CO2 emission (fossil

— 4{;‘:— \A

yel*'--—'** Gl Gas fuels

OeSHiare
m SETTIET productlon

;? ETOYESTElon
'52 i

\ 0 .:J[rug[]gn 0 SOI| carbon

Terrestrial plant reSpl-Warlable

Respl ration |rat|on from soils

Deforestation and destructi

resplratlon from decomposers

‘ — Ty

the flux from oceans-to atmosphere Only one variable

terrestrial photosynthesis Only one variable
the flux from atmosphere to oceans Only one variable
burial of organic carbon and Bl the burial of organic carbon

limestone carbon B2 burial of limestone carbon




Statistical I\/Iode,l__ for COZ Emissions

!

CO, =807025.289+5.31x10°C,C, —~57.529C, +

5.228x107°C,C, —9.769x107°C,C, +.255C,

= C, & C,alone cont
= C,, C,, C. Do not contribute alone, but their
Interactions contribute (C,C., C,C,, C,C;)




Differential Equation of

- f(E,D,R,S,0,P, A B)

dt

D Deforestation and

R Terrestrial plant-!
Respiration ; v

the flux from oceans to atmasphere

terrestrial photosynthesis

A the flux from atmosphere to oceans

B burial of organic carbon and limestone carbon




Differential Equation of
Atmosgt 1erig.CO,

-
CO, = j{E+ D+R+S+(O _A)— P - Bt

= Note: B, P, R are consants ¥ inus

= [{keE +Kp D+ kR +KS +ko_, (0 — A)—k, P —k, B}t
k. {-593503t + 2.4755x 107l |

+kp (107305t +0.01625t° )

» { 0.132(1995+ L ) +1054.4(1995 + ;2)3}

—315462(1995 + L )° + 3x10°%

fre=r =

e

w il

+K, o 42,814t —4.2665t% +0.0967t° |
— ke | Pdt —k, [ Bt



