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Global projections of energy use and carbon emissions by vector field

il I
KOTO, Hiroshi

The amount of “Energy use” is now an essential
indicator and is closely relevant for climate change
problem, because the use of energy brings carbon
dioxide emissions. Of course the amount of “carbon
dioxide emissions” is also valuable. For considering
these indices, we consider these matters by indices
such as "per capita" and "per 1$ GDP". Using the
data, we make vector field of two indexes on the
scatter diagram. This idea makes two points of
support for understanding the data, one is visual
support and the other is support for constructing
mathematical models. For constructing the vector
field, we apply Kernel density estimation and
Geographically Weighted Regression.

We show vector fields of energy use and carbon
emissions, and using our diagram, we examine of the
global flow of indexes. Moreover, we discuss the
method and the result of forecast amounts of indexes
using the vector field. In the result of data analysis,
we show vector field of these indices by 120

countries during period of 1990 and 2005.

Keywords: Energy Use (= # ) ¥ — ] i &), Carbon
Emissions (j##EHimE), Scatter Graph (#47[X), Vector
Field(~~ b V¥;), Adaptive Spatial Kernel (Gili# 922
71— %))
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1. ITL®HIZ

RFEHEE BT 5 BEIE. 7o nANAEE L R
DML 7% 5 T3 (Bailey I, et al. 2009, Boyed, E.
(2009)) o M % KFHEHIRIIZ O W T Rk A 2 H
LW HEATED ., Sl EORFINCET S
ff7E (Tschang and Downlatabidi 1995) . [ % [ ®#
EIZDOWTOHREP W 2PDHETENTWD
(Akimoto K et al. 2004, Fujii, Y et al. 1998, Warwick,
Jet al. 2007) o

MR LZPFHERIROB XA H Y. FAERBTDH
RO 2 LT B DT, FEENED L) IR
WAZD 5 %MD ORMIELH 57259 6

CO et =L, A NVF—FIHE L BELBEERID
0. FT AT —FHEITEFR 2 REIR & H#
HBRD D o COHEHHIERS. T AN F—HEHFHOH
MEZRIIEITEETH D05, NS OFREICHT A5
ROERBORRDOERZILEBT LI L LEETH S,

EROTANVF-FHORRIEERO B, NS
A eIl ko TR E D (Salai-Martin (1992)) .
IV F — OFEFR T O RO T 4OV F —FFE R O
43 # 1& Akimoto, K et.al.(2004), Kotoh, H & Yanai, H
(2009) % & THFZE &SN TV b, TANF—ICHT A5
5% & AL EERE & FRAE EETRKECERD,
ERFEHICL > TOMEIIKREV, TAVF—FIHE
TOEREOMEMEIZOWT, [/ U7 5 I35 EE
FE OB ED &) Bl §E % 2% Barro and Sala--
Martin (1992) |2 & o> THE I LT 5, —7. Brock
and Taylor (2005) , MacKibbin and Stegman (2005)
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TRZANVF—FIHE L ZDO— AH 7Y OfERGDP
H72 ) OEIZOWT, BREPORERZEZ L. Tl
ERA TN D, T7o, HEHE B 2 8 hnE LUK

IOVWTIRBENZBEL OBEICER LT L
TBagnoli, P. et.al.(1996) # 28175 Z L AT & 5, #K
i 12 BT B Quah, D. T.(1996) & - TGDPJL & &
PORGEHRHEIC OV TR L WIS R SN TW5,

R XL TIICO I EB L AV F—FIHEOM
FHIEEHT 5. ZL T ENOLDOEED [—AH 72D |
& [GDP1$H» 72 1) | O _FEHDIEEDO T2 BT %) o
HWERBRLOME ISP EREICI 2D THHDIE
HOL2THD, L. TOMBELRRT 5720128
I 5 - HIRT 5 - 1R %% P % IO
EEREEETH Y. Z1UE—AH 720 RRGDP1H 72
NEVSTARETEZ HODHY)TH S, ST TIIH

R ZEBO LT S EHHEN ST~ O % &
WI L7200, FBEBONZ N VEEREBZ R ) [—
A&H7-0 ] & [GDPI$H 721 | D> DIREEZIT Thkk

LI LRI HLHEEREFELREL L TnET]
REMED & %A%, HEHNMGETA R PUACKR I X EI R DRI &
KE O 2 AR Z BB T 2 DIZEMIEA Do

B, N7 PVEBERIZBWTIE S — R VEEHEE
(Silverman, 1996) & GWR (Geographically Weighted
Regression, Fotheringham, 2002) »# z K% oH L 72

REPFFHRIZZ ANV F—FIHOMRE L TREZ 5 L&
ZAONDLDOT, FEmOMFIEET, = AVF—DFH

. TDRTCOHFHE L T 5, EEST I
@%Jﬂui\ 2ETT—¥DT7U M4 v %FHHAL, 3
ETHAN ETOT— s ORLE, 4B THAN LT
DZEACE & 5T 5o Z 2 Tilkam 3 5 WA BAHNIL N
7 MV REDRGZEME RS, Z LT, BETNRY
MIGOER EAEBAEROBEREBI R\, 6FTE
LD,

ST 57— Z 1T RO FE120 7 ED19924 5 5
2005 F TOIEMDOT— % TH Y. £ KL IXEEE
#E DT — % ~N—2Z (United Nations, 2009) T& 5.
2B, 19924 LLFTIE V EF DIH R EDOMETE 0
EOCO.HHET— 5 DRED D 5

2. F—¥ OE

(1) IXVX—FIHET —2OBE

E A ’lo’(%ﬂ’éﬂf:lf(\)v—*\:—ﬂﬁi v
WREE) T OERIKRORNDLH %S

[AERE] + (B Al - (B ] — [Emkrh OHE ] = [(fEE].
AWFFE TIL19924E 2> H20054FE O = 4 )V ¥ —FI H & &
COHFHE DM F O 7 — & % 5 120 7 E % 5547 1 %
ET 50 RRER)VAMIERLIOLHIZARY, EED
7= N— AT ANOMED B 2 234 K - Hilk D 20054F
NEDIB8% A 1 /N—F 5, B3R 1 O 3 Hi
DM TOHIBFEIX 5 %2R L TV 5,

IANVF—FIHEDT— 7 IZ1990EN 555 Z & A°
T& b, LT, 199045 52005FE DR RIEREF
TOIANF—BEO EFEREHEOZALITKRDE) T
HbHo TANFT—HERIZ186fFIZ. GDPIZ2.28f%(2
ANEL3MEIC 2 D, o T AV F—FIFHM@EME L
THNE, #FLETO [—ADH/) 24 )V F—FH
=] 13139512, [GDPI$H 7z ) = AV F—FIH=] (X
082F512 b L7ze —ABD720) OYHE % EAFIHEL
BEIMECH 5

WU, FEB 72 EIR D20054E = 4 )V F—FI & % &
2 - K3IIRT, R2IRTHHERKOFEE (Y
MV) a2y ITTRHBREICS THEULOEND S, £
2Hh bbb, TAVF—HEEIIERHETK
X RMEND B D, FIUIERBBEOZEIKE W,
ZI T, HRBEORE 2R [—AH72) =%
VF—FIHE] [GDP1$H7- ) A v F—FIHE] &
V) ZHEEHOREMEE L2 LT 2GR b,

7B, GDPI$4L7- D FIHETO [$ (Fv) ] 1E2005
£ DOPPP (Purchasing Power Parity, B & J1°F i) F
WTH 5D, ERKMILE TOPPP NIV O &ML
Dowrick, S.(2001) % Castles & Henderson (2003) T
SN TWwb, 22T L — MIRENLY
4 AR EREFDOHED S DINA T ADSHH ) A%
ETHDH I LA S, PPP FIVOFIH O A58 Y)

WA TED EHmITOENT VS,

[—AH7- 0 FEHz AV F—FIHENTEROFHH
ZREWEHEL NV, [GDPI$H7-) = A v F—FH=E] &
R OIRELEZ DI ENTE D, £ 3 TlaHkiEF
EED AL TR K 3ERERT . —AdHch T
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F1 SWHRERE ZD2005F A0

4 s |2FAE] gy i |OBFEA T mg i | OBFEAT] g s | 200 FA
Albania 3111 | Azerbaijan 8453 | Yemen * 21024 | Singapore I3} 4267
Austria 8232 | Belarus 9816 | Angola 16618 | South Korea : 47566
Belgium 10415 | Estonia 1347 | Benin 7868 | Sri Lanka ;’E 19531
Bulgaria 7739 | Georgia 4465 | Botswana 1839 | Thailand Vi 65946
Croatia 4443 | Kazakhstan IH 15194 | Cameroon 17823 | Viet Nam T 84074
Czech R. 10195 | Kyrgyzstan _‘é 5221 | Congo 3417 | Australia 727 20395
Denmark 5417 | Latvia ;EE 2292 | Cote d'Ivoire 19245 | New Zealand - 4111
Finland 5244 | Lithuania % 3416 | D.R. Congo s 59077 | Argentina 38732
France 61013 | Moldova ] 3759 | Gabon I__]\ 1369 | Bolivia 9182
Germany 82409 | Russia 143170 | Ghana I 21915 | Brazil 186075
Greece 11064 | Tajikistan 6536 | Kenya ] 35817 | Canada 32307
Hungary 10078 | Ukraine 46936 | Mozambique z 20834 | Chile 16297
Iceland 296 | Uzbekistan 26320 | Namibia ) 2009 | Colombia 43049
Ireland ] 4187 Algeria 32855 | Nigeria Vil 140879 | Costa Rica 4328
Ttaly o 58645 | Bahrain 728 | Senegal 11281 | Dominican R. 9533
Luxembourg 1/\ 464 | Cyprus 836 | South Africa 48073 | Ecuador 13063
Macedonia 2035 | Egypt 77154 | Sudan 38698 | El Salvador 6059
Malta 403 | Ethiopia 7 74661 | Tanzania 39007 | Guatemala i 12710
Netherlands 16316 | Iran [ 70765 | Togo 5992 | Haiti Z 9410
Norway 4635 | Israel ; 6692 | Zambia 11738 | Honduras ) 6893
Poland 38198 | Jordan )3 5566 | Bangladesh 153122 | Jamaica 7 2668
Portugal 10547 | Kuwait [0 2700 | China 1312253 | Mexico 105330
Romania 21635 | Lebanon 1}} 4082 | Hong Kong - 6883 | Nicaragua 5455
Slovakia 5386 | Morocco > 30495 | India ) 1130618 | Panama 3232
Slovenia 2001 | Oman 1) 2618 | Indonesia W 219210 | Paraguay 5904
Spain 43060 | Saudi Arabia 7 23613 ] Japan 7 127449 | Peru 27836
Sweden 9066 | Syria 19121 | Malaysia ; 25633 ] Trinidad and Tobago 1318
Switzerland 7441 | Tunisia 9878 | Nepal 27222 | US.A. 302741
United Kingdom 60261 | Turkey 71169 | Pakistan 165816 | Uruguay 3325
Armenia * 3065 | United Arab Emirates 4089 | Philippines 85496 | Venezuela 26726

*H Y #EFER
F2 IXLNX-FIHEDSZL -

ST TOER

L& W5EZK (2005) F4 COHHEBOZW - DHVWS5EK (2005)

LZW5ER | Fubry| ARVWEEER | Fuobr ZW5ER | Fubr| AHVWSER | Fo by
China 2998468 | Albania 2343 U.S.A. 5897697 | Gabon 1984
USA. 2521349 | Botswana 2051 China 5622452 | Mozambique 1883
India 930236 | Gabon 1018 Russia 1507268 | Haiti 1789
Russia 574274 | Malta 936 India 1419092 | R. Congo (7ir727) 1520
Japan 540491 | R. Congo () hvav ) 607 Japan 1295634 | Togo 1285

XAHE T ANVF—FIHRTL L\ D5 BRIZA - ER,
®3 —AH7V) -GDPI1SHAW I LF-FIHENS K5 —AH7V) -GDP1$H 7=V COHFHENZ V- Dt
WP EVW3EZR (2005) W3EZR (2005)
— AN&H 7z 0 GDP1$& 72 1) — A&7z 0 EH GDP1$&7:1)
I AV F—FIF (1) | T4V F— R R (kg) COMEH (1) COMEiaE (kg)
Iceland 1349 0.345 Kuwait 3329 0814
United Arab Emirates 12.16 0.342 United Arab Emirates 33.06 0677
Luxembourg 10.05 0.150 Bahrain 2716 0.967
Senegal 0.37 0.168 Mozambique 0.09 0.133
R. Congo (V) bV ) 0.18 0.102 Ethiopia 0.07 0.116
Yemen 0.16 0.146 D.R. Congo (#1-¥) 0.04 0.137
D.R. Congo (H#1 =) 0.88 1.080 Uzbekistan 423 2.150
Uzbekistan 1.96 0.895 Kazakhstan 11.65 1.345
Mozambique 1.01 0.734 Ukraine 6.97 1.244
Uruguay 0.99 0.094 Cameroon 0.21 0.107
Peru 0.51 0.078 Gabon 145 0.105
Hong Kong 2.70 0.074 MEHEIZ T AL F—FARTH S/ DAV 3ERICA - 2ER.
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AINVF—2RLBoTVEDITA ATV F, %D
BVDIFAIRXAYT, ZOEIMEICD R B, 72
GDPI$H 72 ) THROLIZANLMF— %o TWVDHDIX
DRCongo. b flio TWARWVWDIIEHFEET, Z20EIF
5L %, [REMBLVERR—AHZ) TOTL)
F—2PELT$5, HHEEIZEGDPISH 2 ) O )V
F— IV BRIV E VST EREZ HNB DS,
W LT L TORTEOEREEDTH 5.

(2) —BMbxFHHET — 2 DBE

CO B ED T — ¥ b T 1 )V F —HEH & FFR I [EE
DT —FRXR=APLHL I ENTE L, T, KE
IANVF-—EOEEMBTD 5 “RILIRFHF @A
+t >~ % — (The Carbon DioxideInformation Analysis
Center (CDIAC)) THiAEE I L7z Td %, CDIAC
DTF—FR=—ATRIZLODPS [—AH72)COHEH
(M) & [GDP1$&H 72 1) CO.HE & (kg) ] &\
RECEHINTHASIA TV, BB LRERD
20054F-CO. HEEZ K 4 - £5I1TR T,

FKAIRTCOHHERRKDOT A ) A ERE L F—
TTIXTHEREIZ4B0FEDOENH ) . AV F—FIHE
RO RZ 5, TANF—FIHENSVERO
COFEE D %<\ L ZHED S 5 A5 LA H 7
FHEETHD, TANF—FIHERERIC [—AH72D
CO.#fHi& |. [GDP1$&% 7 h CO.HEt&E] &\ ) Zff
BOREENRDOET, L/ THOEKEIERERLIZD
WESThHb,

— A®H 720 COHFHEA R b £\ D idKuwait, b
L7 D IEDRCongoTH V). ZDEIFNIEL H 5,
— A& 720 CO B EIT R4 L RIFEHETRES
WA H o F72GDP1$H 72 ) TH b CO FEH & A
ZVDETARFRY v YD LBWITRT, 20
ZII20fE L oz, AEAL TOHETHRE~BE/OE
K= 5o

RO E 2 HIX1990FE 2 5B 55 O THHA
i, CO.#E i & 1320054F % T D154 M 121.3165 (12
hole ZOHIZZANVF—FIHEDHEME Y 4%
< AOEEMZIZIZRFIL TV 5,

3. WSRO O X & B AT

RO OfE & ZALOM EBRISER T %,

EUC: —Ad7h) =2 VF—F]HE (Energy Use

per Capita)

EUG:GDP 1$» 72 h = 2 v ¥ — F] il & (Energy

Use per GDP 1%)

CEC:— A & 72 hCO2 #E ! & (Carbon Emission

per Capita)

CEG : GDP 1$47- h CO2 ki (Carbon Emission

per GDP 19)

WD L LT, 20054 TOHAKTT — & D
FEMEIT 5, T2 TE SHICEROME. —Ad
72 ) GDP. B# D RIROITEHR O M2 THHd %0
T5E, 4207 -5 ICHT A EERMEIZOEN
N72RD - UL BELBRVH L EVDD 5,

¥, EUCLEUGOHEAR X T, IR T L IZiL T 24K
RTCRTERLIDE )T HD, T7UARHE, [HY
HIRDOERIZKEZ ZEUGHMEA R SN 5 H5, FAT <
CE L DERPEFLTEY ., #EMAHbAEDIZ v,
22T, M1o7—4% 2WaHFRHTRUIK 20 X
I B TOHEVREIE— ALY 1t/ (Bhdh) |
GDP1$47- 9 1 kg (Ht#h) OFHEOMEL 25, §
3L, 3-8y OERIZEUCHE { EUGH D 7 L
B2, 7 A A OEHKIZEUCHH L TEUGH A 2\ i
B2, YNFUBEDOT 7)) AiE—AH72) Bz
BIZHEOET ¥ TIZEUGHH LI H 5 2 &b
5o ZODIEMD A — ¥ =DM B & 9 IZHALZ b
72 NBAER O THMZER L THEBIHZ T HEAL
L. 7— % OMEBRIIEILL 2\, B IE—AD7:
DFIHEOBM kgl T 5 7% 51X 2 Ok OfE 12
3EREIXEIVWL, —HI2NIZT 2% 513256
(=log365) 511X & Vo X2 TOEERDALE % 7
WCHANRD EREPMEME LT .HARZ SO —
Oy SFENIA TS, By SR A s, T
7Y A FEENSAE B, PEEKEEENI EICETICMEL
TWb Ebhrb,

I 2 OBAEO~Y— 7 2 R/IBITEZ D ER3
X750 FHTEAPLI0ELTOEIR—AH72 ) 5%
Z &, BEDEOENZ—ABHZ) B, 720
ZNDDONTNNIFINDE T EFDDD, EHIT,
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9 EUCEEUGO#EFHR ETND20005F » 5 2005FEANDZE1E

M1~MF8THRZL)IZ, ERHEMOI AN F—=
RFEFEHIZBE T 2 SIS EA L. SER O - IR
MERENIZEL TS, [GDPI$H 72 ) T4 )L F—
FHE] A VF—FIHOEEO O X -5 L&
ZbND, ZOMEHIKEFIUIREEIEE TOREMEH
BV ENEZLND, FlZIE. £ DIHYELER
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BDIANF—%LLfHioTnEILEHEZ LNLD,
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TEEZLNS,

AT (—Ad7zh t. GDPI$H 71 |) Kozt
OE, ZHEEOBLOMMREELH 5, —DidEH, S
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FICAOWA EGDPO¥MTH 5, EDOFEDET
SEBOBRIEEZLNEDT, FNODOTREM K
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ZFLWADL LRV,
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CEC & CEG® BE 4R 12 B8 3 % 20004F 2> & 20054F ~ D %
1LIZHI2ICREN D, HMI2TOLE T LWL HRANLE
TeEZONLD, KI2H 5GDP1$H 72 ) OHEFHED
WAERDIEETH L L bbb, &5I121EK13, EUC
LCECOBARITHELEEZ LI LHFTE, 22T
BETHEE LWHAMETRZ L ). % LEHMIZ
IAIVF—fEIC e T 28 H, T AT ERIRE L
MEARRT LT AHMEZEZAPLTHAI, LIL
TEIEEHMOBMEIIHD L bbb,

5. TRIVF—ECODNXZ bV

(1) X7 PIVBEREICOWT

9. X10. 12, HI3TRZ & 9 2@ X
ECRESTECEREICHE S S L) ICRR 5.
NOEDOHENLEALDOTRNPEESING, ZD L)%
Fa— NV ERGE LR BIE [XY L] o
BTENERTHLVHEERET 5, ZOKHER
H— I VEERHEEREOE 2 &I L. EUCLEUGD
BN BT, MM efodh Tojin e L TiEE
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