
 

 
 

 
 
 

Yanhong YIN1 2 
 

1 860-8555 2-39-1  
E-mail: 095d9406@st.kumamoto-u.ac.jp 

2 860-8555 2-39-1  
E-mail: smizo@gpo.kumamoto-u.ac.jp 

 

2

 
 

     Key Words : sustainable urban development, compact city, energy consumption 
 
 

1.  
 

Newman & Kenwor-
thy1) 

2) 3)

4) 

5) 6) 7)  

8) 9)

  

 

土木学会論文集D3 (土木計画学), Vol.67, No.5 (土木計画学研究・論文集第28巻), I_271-I_281, 2011.

I_271



 

 

CO2
10)

 

11) 
2

 
 

1) 
 

2) 2

  
3) 

 
 

6 2.

3. 4.
5.

6.
 

 
 
2.  

 
(1)  

12) 

 
 

1)  i 

ix2 ix1
  

2)  C
M

Cix2 Mix2
 

3)  ),,( 221 MiCiii xxxu

 
4)  

 
),,( *

2
*
2

*
1

*
MiCiii xxxu

E

   

i
i

MiMiMCiCiCi

MiCiixxx

Popxtextexe

xxxE
MiCii

)(

),,:min

2222211

221,, 221

             (1) 

ixxxuxxxu MiCiiiMiCiii ),,(),,(s.t. *
2

*
2

*
1

*
221     (2) 

 
MC eee 221 ,,

kcal/
kcal/ MiCi tt 22 ,

i  Popi

i  
 
(2)  

),,( *
2

*
2

*
1

*
MiCiii xxxu

i
2 Nested CES

1
2

  
)1/(/)1(

22
/)1(

1121
111111),( iiiii xxxxu (3) 

)1/(/)1(
22

/)1(
22222

222222),( MiMCiCMiCii xxxxx (4) 
 

21 ,

2

1 2 C2 M2

ix2  ix1  

Cix2  MT Mix2

iu

C2 M2

2

1

21

1 CES

I_272



 

 

 
(3) (4)  

 
iMiMiCiCiii Ixpxpxp 222211 (5) 

 
*
2

*
2

*
1 ,, MiCii xxx

),,( *
2

*
2

*
1

*
MiCiii xxxu

ip1 1 MiCi pp 22 ,
i

/ iI i 1 1
/  

 
(3)  

 

iMiMiCiCi

/
MiM

/
CiCi,xx

Ixpxp
xxx

MiCi

22222

)1/()1(
22

)1(
222

s.t.
:max 222222

22 (6) 

iI 2 1 1 /

*
2mix *

2ix

  

2222

2

1
22

1
22

2

2

2*
2

MiMCiC

i

mi

m
mi pp

I
p

x (m=C, M) (7) 

iMiMCiCi Ippx 2
)1/(11

22
1
22

*
2

22222 )(   (8) 
 

  

iiiii

iiixx

Ixpxp

xxu
ii

2211

)1/(/)1(
22

/)1(
11,

s.t.

:max 111111

21 (9) 

 

 

1121

1

1
22

1
11

2*

ii

i

ki

k
ki pp

I
p

x (k=1, 2) (10) 

(7) (8) (10) i m
  

2

12

22221

2

11
22

1
222

2

2*
2 )( MiMCiC

mi

m
mi pp

p
x  

iMiMCiCi Ippp
1

1
1

1
22

1
222

1
11

2

1

2222111 )(   (11) 

 
(3) (4)

),,( *
2

*
2

*
1

*
MiCiii xxxu ip1

1 1ip  
 
(4)  

(1) (2)
   

i
C

M

MiM

CiC
MC

C

CiC
i

u
te
te

e
tex

1

1

2

1
2

1

1
1
1

)1(

2

2

22

22
22

)1(

22

1

1

22
211

1

(12) 

 

i
C

M

MiM

CiC
MC

C

M

MiM

CiC
MC

C

CiC
Ci

u
te
te

te
te

e
te

x

1

1

21

12
2

21

121
2

1

1
)1(
)1(

)1(

2

2

22

22
222

)1(
))(1(

)1(

2

2

22

22
22

)1(

22

1

1

22
12

1

(13) 

 

i
M

C

CiC

MiM
CM

M

C

CiC

MiM
CM

M

MiM
Mi

u
te
te

te
te

e
te

x

1

1

21

12
)12(

21

121
2

1

1
)1(
)1(

2

2

22

22
222

)1(
))(1(

)1(

2

2

22

22
22

)1(

22

1

1

22
12

1

(14) 

 
(1)

),,( 221 MiCii xxxEE  
 
 
3.  

 
(1) 21 ,  

MMCC 22 , MCCM 22 ,

21 ,  

mix2

MMiCCi 22 , MCiCMi 22 ,
 

I_273



 

 

i

mimi

i

mimi

mimi

mimi
mmi

I
xp

I
xp

pp
xx

22
1

2

22
122

22

22
2

1
(15) 

i

nini

i

nini

nini

mimi
mni

I
xp

I
xp

pp
xx

22
1

2

22
12

22

22
2

1
  (16) 

2

21,
 

 
)}exp(){exp()exp( 2222 MiCiCiCi pppW   (17) 

 

  

)1( 22
22

22
2 mimi

mimi

mimi
mmi Wp

pp
WW   (m=C, M)       (18) 

nini
nini

mimi
mni Wp

pp
WW

22
22

22
2  (m,n=C, M, m n) (19) 

21,

mni2 i

MC 22 ,

21 ,  
 
(2)  

2
(6) (9)

1   

),(
22

2

/1
22

/1
22

/1
22

2 MCm
xpxp

xp

MiMiCiCi

mimi
mi               (20) 

)2,1(
11

1

/1
22

/1
11

/1

k
xpxp

xp

iiii

kiki
ki                      (21) 

 
i

1 2 C2 M2

 
 
(3)  

 
a) MiCi xx 22 ,  

MiCi xx 22 ,
/ PT

OD

PT 13), 14)  

1
1997 PT 1984 161

177  
b) MiCi tt 22 ,  

i MiCi tt 22 ,

OD MijCij tt 22 , OD
 

c) MiCi gg 22 , MiCi pp 22 ,  
Cijp2

OD km/h OD
/km 15)

 
OD Cijp2 / =

/km OD km /
/  

CijG2

 
OD CijG2 / =OD

Cijp2 / /
OD  

Mijp2 MijG2

/

MijCij GG 22 , MijCij pp 22 , OD

1 PT  
 (1984) (1997) (1996) 

 21 17 10 
 161 177 88 

 874,049 970,380 726,112 
/ 351 569 442 

 209 227 168 

2  
 (1984) (1997) (1996) 

1e
kcal/  3.044 3.639 3.512 

Ce2
kcal/ 143.055 137.653 250.642 

Me2
kcal/ 11.249 14.498 16.098 

 

I_274



 

 

MiCi GG 22 , MiCi pp 22 ,
/

79.231984
C 11.381997,1996

C

79.241984
M 00.401997,1996

M
16)  

d) iI  

i 1 1

iI /

 
e) MC eee 221 ,,  

1

1e kcal/ 1
kcal/

/ 17)

MC ee 22 , kcal/
OD

km/
kcal/km 18)  

2
1984 1997

1984

2
km

1997 1984

 
 
(4)  
a)  

mmi2 mni2

3

PT

02miW

 
b)  

4
2

 
1) MC 22

 
2) 1997

2
1984
2 CC 1984 1997 1)

 
3) 1997

2
1984
2

1984 1997  
4) 21 1%

2
 

5) 1997
1

1984
1

1997
2

1984
2 , 1984 1997

 
6) 1997 1997

2
1997
2 MC

1996
2

1996
2 MC

 

3

 
(1984) (1997) (1996) 

t t t

1.349 9.35 2.176 16.91 0.529 3.32 
-0.876 4.61 -1.113 6.25 -0.800 3.23 

-5.0×10-4 7.78 -3.1×10-4 7.60 -5.2×10-4 6.79 
R 0.67 0.68 0.65 

 156 171 87 

 

4
 CC  MM  CM  MC  1  2  1  2  C2  M2  

(1984) -0.035 -1.212 0.133 0.289 0.926 1.364 0.971 0.029 0.544 0.456 
(1997) -0.017 -1.048 0.064 0.256 0.788 1.123 0.998 0.002 0.726 0.274 
(1996) -0.060 -0.896 0.238 0.188 0.699 1.174 0.999 0.001 0.401 0.599 

 

I_275



 

 

7) 21

2
1996
2

1997
2

1
1996
1

1997
1

 
 
 
4.  
 

1984 2 PT 1997 3
PT 2

2

 
 
(1)  

DID

2 DID
3 1984

1997 2  
 

4 5
1984

75%
1997

95%
75%  

1996

4 1997  3  5 1984  

7 19966 1997  8 1996

2 DID  

DID km2 DID /km2

I_276



 

 

3 PT
6 7

8

 
 

(2)  
9

 
Step-1 (10) (11)

(3) (4)   
Step-2 (1) (2)

Cix2

Mix2 ix1  
 Step-3

OD  
 Step-4 OD

 
 Step-5 MiCi tt 22 ,

OD

10  

6 2  

 
1997 1984 

    

 

 
 

 
 

 
 

 
  

(kcal/ ) 3.21×1010 2.90×1010(0.90) 1.77×1010 1.39×1010(0.79) 
( / ) 7.51×109 7.78×109(1.04) 4.21×109 4.50×109(1.07) 

( / ) 1.90×108 1.35×108(0.71) 2.30×108 2.17×108(0.94) 
 2.66×1010 2.78×1010(1.04) 1.21×1010 1.30×1010(1.08) 
 

 5.36×109 7.98×108(0.15) 5.36×109 4.00×108(0.08) 

MT  
 1.28×108 3.49×108(2.73) 1.72×108 4.92×108(2.86) 

5

t R t R

(1984)

-0.129 (4.2) 

0.91 

0.111 (4.2)

0.55 5.50×10-6 (2.0) 3.26×10-5 (16.5)

-0.003 (209.8) -1.95×10-4 (27.9)

(1997)

-0.443 (17.7) 

0.93 

0.016 (0.6)

0.39 2.96×10-5 (16.0) 1.73×10-5 (9.9)

-0.002 (287.8) -1.08×10-4 (18.5)

(1996)

-1.473 (29.1) 

0.88 

0.116 (15.1)

0.57 9.91×10-5 (16.7) 8.10×10-5 (8.4)

-0.003 (131.7) -2.45×10-4 (38.8)

 9

No 

iE  

Step-1 
 

  ),,( *
2

*
2

*
1

*
MiCiii xxxu

PT

Step-3 
OD  MijCij xx 22 ,

Step-4 
 

 

Step-5 
mig2  

mit2  

Step-2 
MiCi xx 22 ,

ix1  

 

 

Yes 

 
16.7% 

 
0.4% 

 
82.9% 

 
1.2% 

 
2.8% 

 
96.0% 

 
30.4% 

 
1.0% 

 
68.6% 

 
3.4%  

2.8% 

 
93.8% 

 
82.9% 

 
96.0% 

I_277



 

 

(3)  

OD

j jD jZ

Cijg2 Mijg 2

 
5

(1997)

0.8

0.4 0.6
 

 
(4)  
a) 2  

2
6

2
 

1)  1997
1984 1.84 (=3.21/1.77) 1.79 (=7.51/4.21) 

 
2)  
1984 2.20 (=2.66/1.21) 

1.00 
(=5.36/5.36) 0.74 (=1.28/1.72) 

  
3)  2

 
4)  
1997 0.90 (=2.90/3.21) 1984 0.79 (=1.39/1.77) 

1997 DID
1997

1984
 

5) 1984
1997

2 2

DID 1984 6,701 /km2

1997 1995 6,593 /km2

2,235
/km2 819 /km2 2,418 /km2 909 /km2 1984

7 2  

 
1997 1996 

    

 

 
 

 
 

 
 

 
 

(kcal/ ) 3.21×1010 2.90×1010(0.90) 2.02×1010 1.69×1010(0.84) 
( / ) 7.51×109 7.78×109(1.04) 4.55×109 4.83×109(1.06) 

( / ) 1.90×108 1.35×108(0.71) 2.57×108 3.89×108(1.51) 
 2.66×1010 2.78×1010(1.04) 1.51×1010 1.56×1010(1.03) 
 

 5.36×109 7.98×108(0.15) 4.78×109 4.28×108(0.09) 

MT  
 1.28×108 3.49×108(2.73) 3.50×108 9.15×108(2.62) 

 

 
16.7% 

 
0.4% 

 
82.9% 

 
1.2% 

 
2.8% 

 
96.0% 

 
1.8% 

 
74.6% 

 
23.6% 

 
5.4%  

2.5% 

 
92.1% 

I_278



 

 

1997  
b)  

7
 

1) 

2) 

3)  
0.90 (=2.90/3.21) 0.84 

(=1.69/2.02) 
4) 

DID
1996 1995 8,312 /km2

1997 1995 6,593 /km2

909
/km2 1,272 /km2 40%

1996 1,804
/km2 1997 2,418 /km2 30%

2 DID

 
 

5.  
 
(1)  

1

*
iii uEEU (22) 

*****
iii uEEU    (23)

iEU iEU

iii EUEUEU (24) 

2

iEU 10 11
12 2

1997 1984

1984 1997
1997 1984 1.61

2.50

1994

 

 
  

10 1996 iEU  11 1997 iEU 12 1984 iEU

I_279



 

 

(2)  
(22)

iEU (24)

iEU

 
PT C

 
8

iEU

iEU
 

9

iEU F
R2

t

iEU

t
F

R2

t 3

 
 
 
6.  
 

2

 
1) 

 
2) 

1997 1984
1984

1997

 
3) 

 

9  

   iEU  iEU  

 t   t  
   13.5 (9.53) 0.338 (7.62) 

 
 

  ( /km2) -8.42×10-2 (8.13) -2.59×10-3 (7.71) 
 3  ( ) -8.62 (5.91) -0.326 (7.28) 

 
  /  0.707 (1.26) 2.00×10-2 (3.61) 

  (km) 0.0151 (1.81)   
F  39.6 45.6 

R2 0.49 0.44 

8  

   iEU  iEU
 

 
  -0.59 -0.54 

 3  -0.19 -0.29 

 
 

 
 0.49 0.38 
 -0.43 -0.33 

 
 -0.41 -0.34 
 -0.37 -0.31 

 0.45 0.36 

I_280



 

 

  
4) 2)

 
5) 

3

3

 
 

1) Newman, P. and Kenworthy, J. : Sustainability and Cities:  Overcoming 

Automobile Dependence, Island Press, Washington DC, 1999. 

2) 

33

pp.73-78 1998  

3)  

No.34 pp.967-972 1999  

4) 

 

No.35 pp.511-516 2000  

5) 

No.38-3 pp.553-558 2003  

6) 

D Vol.64 No.1 pp.1-10 2008  

7) 

D Vol.65 No.3 pp.303-316 2009  

8) 

No.38-3

pp.547-552 2003  

9) 

No.23 pp.887-894 2006  

10) 

CGE DCGE

Vol.1 No.1 pp.39-53 1998  

11) 

No.43-3 pp.127-132 2008  

12) 

2006  

13) 

1999  

14) 

1997. 

15) 

15 pp.92 2003  

16) 

15 pp.27 pp.41 2003  
17) EDMC/

pp.80-81 2004  
18) EDMC/

pp.116-117 2004  

 
2011. 2. 25  

 
 
 

A MODEL TO EVALUATE ENERGY EFFICIENCY  
FROM THE VIEWPOINT OF INDIVIDUAL QUALITY OF LIFE 

 
Yanhong YIN and Shoshi MIZOKAMI 

 
This study attempts to better understand the relationship between energy consumption, individual 

quality of life and urban structure. Three main parts are included in this paper. In section two, a model is 
developed to estimate the real and minimum energy consumption on maximum individual utility level. 
Then we applied the model to Kumamoto and Nagasaki metropolitan regions to estimate the related indi-
vidual energy consumption. In section three we analyzed the relationship between energy efficiency and 
compact city characteristics from density, diversity and accessibility aspect. In section four, eight policy 
scenarios related to gasoline tax increasing and mass-transit fare reduction is simulated to estimate the ef-
fects on energy consumption. Finally the paper discusses the results and gives conclusions. 
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