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A Study of Energy and Spatial Structure

— The Case of Rural-urban Regional Settlement —
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ABSTRACT

This is a close relationship between energy consumption and the way in which we develop and
manage our regions. This study has estimated and compared energy requirements for the journey to work,
resulting from alternative population and employment growth patterns in a rural-urban regional settlement

of Korea. The broad scope of work was as follows:

i)  Select the study area
ii) Formulate alternative growth patterns
Develop the Hansen and double-constrained gravity model

iii)
Application of Vogel’s approximation method and the developed Hansen and gravity model to

iv)
the case study area.
v) Analyze the relationship between spatial structure, transport energy-requirements and environ-

mental pollution .

At issue here is the trade-off between air pollution averages and variations. Policies concentrating manu-

facturing industry and other regional facilities, for instance, may indeed reduce average pollution levels at
the benefit of less-car miles, thus, reducing auto pollution, in the region, but increase local pollution peaks.
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Table 1. Population of Seosan-Kun(1984.12.31)

Class Householdes lzgg?l:g;gg Class Householdes P Op%urlzgfsn)
Total 48,690 242,494 Seongyeon 1,193 6,103
Segf&;ﬁp) 8,997 45,058 Euman 2,026 10,066
Taéan Woonsan 2,186 11,046

(-eup) 5,683 28,559 Haemi 2,843 13,225
Anmyeon(-eup) 4,731 23,759 Kobuk 2,403 12,357
Inji 1,441 7,600 Nammyeon 1,707 8,796
Buseok 2,570 12,792 Keunheung 2,174 10,519
Palbong 1,499 7,403 Sowon 2,330 10,784
Jikok 1,527 7,549 Wonbuk 1,828 9,266
Daesan 2,554 11,980 Yibuk 996 4,632
Table 2. Trip distribution( 1986)
Case Supply Demand Route Tri Distance

(Origin) (Destination) Origin Destination p em)

1 292 206 Seosan Seosan 201 0.5

2 292 288 Seosan Eumam 91 7

3 38 26 Taean Taean 26 0.5

4 38 288 Taean Eumam 12 25

5 2 288 Anmyeon Eumam 2 59

6 9 206 Inji Seosan 2 5

7 9 288 Inji Eumam 7 12

8 4 206 Buseok Seosan 1 13

9 4 288 Buseok Eumam 3 20

10 3 288 Palbong Eumam 3 21
11 5 288 Jikok Eumam 5 21
12 4 288 Daesan Eumam 4 19
13 15 288 Seongyeon Eumam 15 16
14 120 206 Eumam Seosan 1 7
15 120 288 Eumam Eumam 119 0.5
16 7 288 Woonsan Eumam 7 7
17 62 206 Haemi Seosan 1 12
18 62 288 Haemi Eumam 5 19
19 62 50 Haemi Haemi 50 0.5
20 62 83 Haemi Kobuk 6 5
21 78 288 Kobuk Eumam 1 24
22 78 83 Kobuk Kobuk 77 0.5
23 11 288 Nammyeon Eumam 3 37
24 11 8 Nammyeon Nammyeon 8 0.5
25 5 288 Keunheung Eumam 5 35
26 5 288 Sowon Eumam 5 35
27 1 288 Yibuk Eumam 1 45
*661 **2,669.5

* total trip
** total trip Xdistance
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Fig.2 Land use and traffic volumes (1485, unit:car/day)
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Table 3. Population trends
unit ! persons

Annual Population Population

District Increasing Rate (%) Prediction

o 19T, 90 s
geosan 42,637 2.25 2.25 2.25 48,800 54,611
{gggﬂ) 25,678 2.1l 2,11 2.11 29,144 32,387
Anmyeon o4 898 -1.76 -0.7 1.0 23,874 25,099
Ceup)
Inji 8,111 -2.93 -0.7 1.0 7,778 8,177
Buseok 13,866. -1.80 -0.7 1.0 13,296 13,978
Palbong 8,156 -2.41 -0,7 1.0 7,821 8,222
Jikok 8,053 -2.82 -0.7 1.0  7.722 8,118
Daesan 12,677 -2.55 -0.7 1.0 12,156 12,780
Seongyeon 6,476 -2.83 -0.T7 1.0 6,210 6,529
Eumam 11,042 -2.78 -0.7 1.0 10,588 11,131
Woonsan 12,300 -3.27 -0.7 1.0 12,538 13,181
Haemi 14,422 -2.20 -0.7 1.0 13,829 14,530
Kobut 12,869 -2.62 -0.7 1.0 11,969 12,583
Nammyeon 9,153 -1.90 -0.7 1.0 8,777 9,227
Keunheung 11,725 -2.48 -0.7 1.0 11,243 11,820
Sowon 12,613 -1.09 -0.7 1.0 12,095 12,716
Wonbuk 9,830 -3.77 -0.7 1.0 9,426 9,910
Yibuk 4,736 -4.45 -0.7 1.0 4,542 4,775
Total 249,242 -0.91% 0.17% 1.38* 251,808 269,774

Source : Seosan-kun.
* Average
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Fig.4 Alternative strategy #1 (Popuiation Concentration +Employment Concentration)

J.of the Korea Air Pollution Res. Assoc., 1988



2.6 OHX|IAFTRE X BREES HE

2.6.1 BETES®E (Trip distribution
model)
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of, ERE, AP 2 gl W ol A
A BEEN HERGE Bl e E
U FEBEE (measures of effectiveness) & BE
St & HTQ ST FiHSIR, AR EEs
3 & #mel BT S 98] Hansen® g
JE#E1E (physical accessibility index) 9 &
#Bie WEER (route facton) & A 43l ct

ol BAHME vleto 2 K R
a3l Rl A BRI ET A VXERE 2 B
R vz = 7S HiEs 7] 8 chea 7
< 37bx] ME & FASt] o SRE ke oy
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{1) Vogel’s Approximation Method
ol Hike| #E BEEA-S BNl RURT

Table 5. Regression result (Hansen’s Model)

FEEXEME Tote HEE'O 284 & #9244
© o2 249 TCE B4 bsl+= TR SS e
ot=d] FIAISH o}

TC=3

i=1 .iZ::l Cijxij
A7 A, TC ; EEHR
Cij ; il i ol 4] FEMIR | 20 BMURER
(distance)
Xij peiastsg i ol 4 BEMK | 20 RRE
Si ; BHAHER | o HEsABE T
Dj ;FEm j o BEE
olel, oluf} HBEMHES ot Py

.leij:Si(izl’Z’ .................. m)

j=

iz_‘_llxij=Dj(j=1,2, .................. n
xjjgo(jz:l,z, ....... m, j= 1,2, )

(2) Hansen &

A HFEA A= LA B TEREHEY B
B BITE HE WESHE Hansen® Bt 1®
€ #Eot ol e ARS HWHsh g,

Tij=e®+0i*Djre-2+dij

714,

Tij ; #ki o jHY #®TE

Oif ;i ETRER

Dj ;o BfTHEAE

dij ; iR i o RS dfTeEsgE

4 ;& HHY #Ee JeEhE B

C ; BE

3, Pt BRAEEHE FlASY E
ek Cak 9 A o33 2o,

MULTIPLE R 0.14891

ANALYSIS OF VARIANCE MEAN
R SQUARE 0.02217 OF SUMOF SQUARES SQUARE
ADJUSTED R SQUARE -0.01694 REGRESSION 1 1.74015 1.74015
STANDARD ERROR 1.75200 RESIDUAL 25 76.73724 3.06949
F=0.56692 SIGNIF F=0.4585
------------- VARIABLES IN THE EQUATION -~-wmm——ea-
VARIABLE B SE B BETA T SIG T
A 0.01697 0.02254 0.14891 0.753  0.4585
(CONSTANT) -5.92135 0.50294 -11.775  0.0000
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C=-5.92185
A=10.01697
£5+= ¢ RE Y WEE GBI OISR
Rz Falo] 2ol (F=0.56692) F9j4o] e
A= ERgT]
(3) Gravity model 9| #
—HMAIo 2 FIB S e EAOER 1Y 5 EA
stos, AR oS3 el
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Table 6. Regression result  gravity model)

Dj ; s j o B HEEE
dij ; st i 9 jrae EEa
ALBj; s i o joll HES= HE
(Ai=[§Bijf(diD]‘1,
Bj =[ £0iAif(did 1)

g HseRe] RARERHE FlHSH &

Tij=0.00080508 X Oi X Dj/ (dij) * +
11.83154

69 [AEE TR Rell 4] Fgtol b (F =
111.40688 ) #2240 2 Ao ® Vel

MULTIPLE R 0.30373 ANALYSIS OF VARIANCE MEAN
R SQUARE 0.81672 OF SUM OF SQUARES SQUARE
ADJUSTED R SQUARE 0.80939 REGRESSION 1 46135.75475 46135.75475
STANDARD ERROR 20.34992 RESIDUAL 25 10352, 98599 414,11944
F = 111.40688 SIGNIF F =0.0000
——————————————— VARIABLES IN THE EQUATION ----=-n-n-mmm-
VARIABLE B SE B BETA T SIG T
A 0.80508E-03  0.7628E-04 0.90373 10.555 0.0000
(CONSTANT) 11.83154 4.09562 2.889 0.0079
2.6.2 oVxFEE Y ELRHE] EH Table 8. Pollutants emission
@l 37kA] HAL aishe] @ATERE (trip dist- Fuel
o crEs Gasoline Diesel L.P.G
e )1;3_) SARerg e, ezl Kol fEhd Pollutants asoline ese
R 5 =20
BRL T S Foted ATUAMAFREES EH co 11.599/kn 5.9 $/km  13.189 fim
stgel o 74 el A FrEm e EH-S 6 o NOx 1.069/km 17.7 &/km 1.RG fkm

A9F w20 FIEEES 1:99 2:89 Fr}x
735 BUEsH ok

Table 7. Energy consumption

) LPG 9.91 kn / ¢
Taxi .

Gasoline 10.53 km / £

Bus 3.33kn/ ¢

=, WA A4 e £83 2 K
BT E W] GHGEHE S S,

3. R — Zram:set @O XER X
BTSRRI MESH

orEol A AES BITAEEE, J|V x| FiEE E
WA 2B 2 HREHE EHTAS Hs K
AT Re g3k Ao

FH2 2 F B (modal split) ol A A= F
7HA BRES Alsich, AwA BES HA9 w2
FIRKE-S 1: 92 8oty T RES 2:82
H.gke},
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3.1 mUBEATES ARt EI LC WSO o
Hat o

FLGE AT BH et & (1982 ~ 1991 Dol 4]
ESQE 1991 4E2] Attt ADMEAR Ale dfTh
< shie] fge Elﬁ‘éhﬂ 3 7kA] ﬂfﬂﬂuﬁ‘fﬁ
S FUM, el (S #H )& Ewd 3, 94
o} WAo) WS 1: 9 Wo2:8 2 K4 BESh
Lol v 2| g B RS #EEsH v
(#£9,10 28 ).

Table 9. Energy consumption and pollutants
emission by existing plan
(1991, Taxi:Bus=1:9)

Table 10. Energy consumption and pollut—

ants emission by existing plan
(1991, Taxi:Bus=2:8)

Pollutants

Total Energy Emission

Model Cost Consunr

Gy ption(d) co(gy NOx(§)

Vogel 22,825 252.17 13,008.17 11,718.6
Hansen 28,855 318.73 1,644.71 14,832.22
Gravity 33,109 365.61 18,867 16,991.86

Table 11. Total cost(or distance ) by alternative strategies( 1991 )

Total Energy PollutantEsmiSSion
Model Cost Consum~

G ptionl® co(g)y NOx (@)
Vogel 22,825 305.71 22,386.37 11,734.83
Hansen 28,855 389.88 28,362.99 15,036.42
Gravity 33,109 447.37 32,544.62 17,253.31

3.2 MES AD X WD Y22 MM A
0 U RIS S RS WRsAROI 2|
et Hif

AP 5 o] Bl el (existing patterns)
o] HE HILE (alternative growth patterns)
of HHEM A& T WEL A AR Y
Rl ST oF ol DHC:_F REWR @it
ot A APTEE, 2232 BB S e
2rle gbel & 112 3702 @iTmoBE S F
Mt odoldl &y RBfTEs (32 #H ) ol

unit :kn
Supply Model Concent- gg;z;arln_ gia;;;?l Disper-
ration ; sal
Demand ration sal
Concentr— Vogel 7953 13938 10422 11400
ation Hansen 16616 64921 20074 20953
Gravity 24763 27006 27379 32000
Partial Vogel 21219 22678 23618 22445
Concentr— Hansen 26494 28256 29417 29629
ation Gravity 26848 32779 33219 33597
. Vogel 16512 17991 17058 15133
Partial
Dispersal Hanssen 26978 28396 29326 29807
Gravity 32046 33371 33707 34100
Voge | 17496 19000 17760 15841
Dispersal Hansen 28299 29789 30856 31163
Gravity 32550 33790 34042 34436
o, F£12, 138 &% He9 2o &S 1:9 FHiEl o TR A FAA JdVXEE

9} 2:8 = FHAste] 16 A ZEEEERE Y
A oz FEES) HFRMEAE S #HET Aol
=3 7Y 59 62 16709 Zsiidelig2 Vogel
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Table [2. Energy consumption and pollutants emission by alternative strategies
(1991, Taxi :Bus=1:9)

Poilutants(g/ trip)

Energy Cosum-
and

plglo(irllutants Energy Consumption( £/ trip) % o
Supply : - - : : -
Demand Moger Concen= BZUSL AU Dis- Concon- Bartial Bartial pis  Cancen BaREL BArtal ps-
tration {rgtion Persal persal tration tration persal persal tration tration persal persal
Vogel  88.34 154.45 115.62 126.42 4532.9 79438 5940 64974 4083.6 71564 5351.2 5953.3
C -
tration Hansen 184.04 717.61 222.23 234.94 9470  36999.2 11440.7 11941.7 8531.3 333315 10306.6 10757.9
Gravity 274.03 288.8 302.92 354.06 14113  15391.3 15603.9 18242 12714 13865.6 14057.1 16433.7
P Vogel 234.88 251 261.38 248.42 12093.3 12924.8 13460.5 12792 10894.5 11643.6 12126.2 11523.9
artial
Concen- Hansen 293.15 312.61  325.44 327.78 15099.5 16103.7 16765.3 16886.2 13602.7 14507.3 151034 152123
tration
Gravity 297.06 362.57  367.43 371.61 15301.3 18681.4 18932.1 19147.5 13784.5 16829.5 17055.4 17249.5
Partial vogel 182.89 199.22 188.92 167.65 9410.7 10253.6 9721.9 8624.8 8477.9 9237.2 87582 7769.9
artt
Dis—1 Hansen 298.49 314.16  324.43 329.74 15375.3 16183.5 16713.5 16987.6 13851.2 14579.2 15056.7 15303.6
persa
Gravity 354.48 369.11  372.82 377.16 18263.6 19018.7 19210.2 19434.2 16453.2 17133.4 17305.9 17507.7
Vogel 193.76 210.37 196.67 175.47 9971.5 10828.6 10122 9028.3 8983.1 9755.2 9118.6 81334
E;:al Hansen 313.09 329.54  341.33 344.72 16128.2 16977.3 17585.4 17760.4 145294 15294.4 15842.2 15999.8
Gravity 360.04 373.74 376.52 380.88 18550.9 19257.5 19401.1 19625.7 16911.9 17348.6 17477.9 17680.2
Table 3. Energy consumption and pollutants emission by alternative strategies
(1991, Taxi :Bus =2:8)
Engrgy C%nsum- . c ’ ‘ Pollutants (g / trip)
ption a ti tri
Pollutants nergy Consumption(£/trip) co NO
Supply
tial Partial . Partial Partial . Partial Partial .
Demand Model Conqen- ggzclean— D?Sr_xa Dis- Concen- Cgrfc.éi_ D?g_'a Dis=- Concen- Cf;,ﬁc_‘ean_ Diasr_la Dis-
tration ¢ration persal persal tration tration persal persal tration tration persal persal
Vogel 107.96 183.83 141.32 154.53 78179 13700.8 10244.3 11206.1 41448 7263.6 54314 5%1
(t::_):tcii?]- Hansen 225.01 877.71 271.73 283.61 16333.2 63814.7 19732.2 20596.3 8659.1 33831.1 10461.1 10919.2
Gravity 335.09 365.4  370.44 432.99 24341.3 26546.1 26912.7 314628 129046 140734 142673 16680
Vogel 287.21 306.92 319.62 303.77 30857.7 22291.8 23215.8 22062.8 11057.3 11818.1 123079 11696.6
Partial
Concen- Hansen 358.48 382.29 397.98 400.84 260428 27774.8 28916 29124.3 138066 14724.3 15329.8 15440.3
tratio
" Gravity 363.27 443 .4 449.35 454.46 26390.8 32220.6 32653.1 33024.7 13991.1 17081.7 17311 17508
Vogel 223.61 243.59 230.98 204.97 16231 17684.7 16767.7 143755 86049 93756 88895 7886.3
Partial
Déiisr—l Hansen 365.02 384.18 396.75 403.25 265185 27912.4 28826.5 29299.3 14058.8 14797.7 15282.4 15533
sal
perss Gravity 433.5 451 4 455.94 461.25 31500.1 32802.6 33132.8 33519.1 16699.8 17390.2 17565.3 17770.1
Vogel 236.9 257.22  240.47 214.54 17198.2 18676.5 17457.7 155714 9117.7 99014 92553 82553
D:;al Hansen 382.87 403.0  417.42 421.57 27817 29281.6 303304 30632.2 147472 15523.6 16079.7 16239.6
per
Gravity 440.31 457.07 460.47 465.79 319955 332144 33462.1 33849.4 169624 17608.6 17739.9 179452
— 54 — J.of the Korea Air Pollution Res. Assoc., 1988
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A p1TeRE ol w2 R wetd AT
Bl wE oy xFTEEe] =24 Yepa 2%
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