BB TTHATEEEE 20(6) ¢ 133~ 149(2017) DOI : https://doi.org/10.13087/kosert.2017.20.6.133
J. Korean Env. Res. Tech. 20(6) : 133 ~149(2017) ISSN 1229-3032

Basic Study on Spatial Optimization Model for

Sustainability using Genetic Algorithm®
- Based on Literature Review -
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ABSTRACT

As cities face increasing problems such as aging, environmental pollution and growth limits, we have
been trying to incorporate sustainability into urban planning and related policies. However, it is very
difficult to generate a ‘sustainable spatial plans’ because there are trade-offs among environmental, soci-
ety, and economic values. This is a kind of non-linear problem, and has limitations to be solved by
existing qualitative expert knowledge. Many researches from abroad have used the meta heuristic opti-
mization algorithms such as Genetic Algorithms(GAs), Simulated Annealing(SA), Ant Colony
Optimization(ACO) and so on to synthesize competing values in spaces. GAs is the most frequently
applied theory and have been known to produce ‘good-enough plans’ in a reasonable time. Therefore
we collected the research on ‘spatial optimization model based GAs’ and analyzed in terms of ‘study

area’, ‘optimization objective’, ‘fitness function’, and ‘effectiveness/efficiency’. We expect the results
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of this study can suggest that ‘what problems the spatial optimization model can be applied to’ and

‘linkage possibility with existing planning methodology’.

Key Words : Heuristic algorithms, Fitness function, Constraints, Effectiveness, Efficiency, Spatial opti-

mization, Spatial planning
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Table 2. Additive objectives for optimization model
Year Author Suitability Environment Society Economic
08’ Datta et al. carbon/soil erosion economical benefit
09’ Parolo et al. species landscape, road
10 Zhang et al. accessibility conversion cost
11’ Cao et al. accessibility conversion cost
Roberts et al. landscape ecology
Ahmadi et al. pollutant employment crop yield
Cao et al. @) nimbi GDP, conversion cost
12 Gong et al. ecological service economical benefit
Huang & Zhang pollutant population, employment
Panagopoulos et al. water consumption crop yield
3 Cao and Ye O accessibility
Yazdi et al safety(disaster) measurement cost
Jankowski et al. radiation development cost
" Shaygan et al. O soil erosion economical benefit
Yuan et al carbon GDP
Zhang et al. pollutant GDP, conversion cost
Eikelboom et al. soil erosion, natural value crop yield
15’ | Beheshtifar et al. equity travel/conversion cost
Mi et al. green area, soil erosion economical benefit
Li & Parrott O natural value economical benefit
16’ | Mohammadi et al. O green area land use types FAR
Zhang et al. accessibility development cost
2013; Morio et al. 2013; Li and Parrott, 2016; oz " AT 85%(34/407)0] A&7l
Mohammadi et al. 2016). *|47}s7d 2] 2] el &7, A2, A T 270 el THE <A
A B AYE, A e oz gk JlR|ol] X% A8} 5 (optimization objective)’ & A% }o]
AA @ 7 7R E EE M 28k Ao THA 2 Wit w2 Al
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dE Eol, 4BF OPYS F0E AR AdheH NS A7 dFIA 9L a7
TAAGE I, 2 2 s we g = ge gdled, EAeRE HEA (Muld
THAl, AR BE] Sz QIR HE A A objective) & 4Z2E Wk opz}, ThFeF =
©o, AL A4 Bgol o] AA-wE  Txe AYATE BA] 4D TEY BA
Aoz JEME] 9% WHES] MG ol Bedb] wEolth WA 34 Zwe)
olo] we AR HPATANE olF AZ H & ALY FE Adx19e] Ao 2hEikelboom
22 o] AEE GAsE ol g3to] dldsta, et al 2015y, ‘EUF2]C FHASK(Datta et al.

A&7bed s 2AMES AEsT AAA
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Table 3. Spatial objectives for optimization model
Categories Concept References
Chen et al. 2000; Eldrandaly, 2010; Roberts et al.
2011; Porta et al. 2013; Fotakis and Sidiropoulos,
2014; Shaygan et al. 2014; Yuan et al. 2014;
Compactness —

Eikelboom et al. 2015; Liu et al. 2015a; Liu et al.
2015b; Li and Parrott, 2016; Mohammadi et al.
2016; Karokostas, 2017

Compatibility

Zhang et al. 2010; Cao et al. 2011; Ahmadi et al.
2012; Cao et al. 2012; Huang and Zhang, 2012; Cao
and Ye, 2013; Haque and Asami, 2014; Shaygan et
al. 2014; Zhang et al. 2014; Beheshtifar et al. 2015;
Mohammadi et al. 2016; Karokostas, 2017

23K Ahmadi et al. 2012; Huang and Zhang,
2012 T3 22 71E0 AeHeE ™
7 Yol & ghA A Aol H s (Datta et al.
2008)’, ‘AJEfAl AH]xe] FHd3KGong et al
2012y 5% g g F g o
T Ut AFSE SWoAM = A H
3H(Beheshtifar et al. 2015)’, ‘“HAe st
(Zhang et al. 2010; Cao et al. 2011; Cao et al.
2012; Cao and Ye, 2013)’7} 7F3 HIE =7 ut
dHNen 54 &yt ddste] <3189
Hth3h(Ahmadi et al. 2012)’, ‘&< o] Hdj
3}(Huang and Zhang, 2012)’S uF3 387U, A
o) AGH E44E s A 2
Z3K(Yazdi et al. 2013)'2 wrdslsich A4
S FAE dFelA 7P s EA A H

Ed(Datta et al., 2008; Cao et al. 2011;
Eldrandaly, 2010; Fotakis and Sidiropoulos,
2014; Jankowski et al. 2014; Karokostas, 2017,
etc. Table 23%) o] A& A4 H|-&9 Hast
e ool Huja Fol FA LN WA
& Azs] 9o BrAR DelHolof s
RRl BAG, B4H-AE FW} fEAY
2 A ] WMo Ao,

2 9o FHAT F oA e AR Arg
(Chen et al. 2000; Cao et al. 2012; Cao and Ye,
2013; Porta et al. 2013; Shaygan et al. 2014; Li

and Parrott, 2016; Liu et al. 2015a; Liu et al
2015b; Mohammadi et al. 2016y’ S H7}% &%
o2 wgstidel, thiite] AelA A

=
54, dAle] EX Y, BAVEA] & 37, Ak3,
AAA 2AL 2o yejsirg HER
TEote] %2l sk th(Table 2).

W F7He 582 7F Alg 84 ZHE 5

B S 2xE -] goto] FriHo A

BHE Ao, A RE 59 Sxd9 {
A, 894, 2 FRo Adxd g1, el

(¢3

A

| .

gol4 B3} 2e A7bsge gt 144
€] o

T BAS HH3 54 F R AP
Aoz Uett o] T 12719 d7& 314
HeAz A Qe x| - ERE 1
3= % 3/ (compatibility) 9] 2 A3p ZA] whe]
Shsick 204 AL AR Adel 27
ste] d A o2 73 EY A(compactness) 2t 9
A/ © 2 (contiguity) 2 TEHY, HAZE A
< =9 FHE Asste AYEY2R B3

st A&l SUTh(Table 3).

DN

) Al2kQ 7 (Constraint)
AY AT F 35%(14/4070) 7} A3 24

&



140 HEF - olFT
Table 4. Constraints for optimization model & Aol HYE A3 - AR HFo =z &8 7}
Categories References e 1 WE Agete 237t ok ol A&
Datta et al. 2008; Karamouz et GAsel 714t & Z7A1E H A3l mdel AaA
Minimum/ al. 2010; Yuan et al. 2011; S ol fo|E 7]dd Aoz Bhsld
Maximum Gong et al. 2012; Shaygan et al. = 5= 71 ekt
area 2014; Zhang et al. 2014; Liu et
al. 2015a; Mi et al. 2015 3. Mgt &k
Spatial e for | Datta et al. 2008; Shaygan et al. =1 =] = - 1o =
eacph lanﬁfe type | 2014; Mi et al. 2015 e AAsh A2 A HHGEADAN A
Parolo et al. 2009; Panagopoulos $H=gHr(fitess function) = FH ¥ =H, o] AL
Fixed arcas et al. 2012; Yuan et al. 2011; gdox] HA9 AderS ead w) WA
Zhang et al. 2014; Li and =
Parrott, 2016; Liu et al. 2015a o 7151 A, HA 8 54 SRl 74 A
Comversion ratiq | YU ¢t al. 2011 Haque and 3eks Hrlste $EE dAdsle 7Tl
Asami, 2014; Zhang et al. 2016 s} ek 37418 A3 rae 7k HA3)
Maximum cost | Yim et al. 2011 B ) Lsle Adte dhguk FHghE 7
249 PUz 75 Feoith AREITE A
=
2o 2 2o A WA ZIRALR WA Lo Sy mer Al Al i o]elo]
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o H .
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Table S. Fitness function based on look-up table

Method for loop-up table
Statistic Expert Related research GIS
. Nature value - - Li and Parrott, 2016 -
Environment
Carbon - - Yuan et al. 2014 -
. Karamouz et al. Panagopoulos et al.
Crop yield 2010 ] ] 2012
Zhang et al. 2014
GDP Li and Parrott, 2016 - Yuan et al. 2014 | Zhang et al. 2014
E Zhang et al. 2010
oMY 1 Conservation Liu et al. 2015a
ONSCIVAUON 1 i and Parrott, 2016 - : - -
cost Li and Parrott,,
2016
Measc‘::tmem Yazdi et al. 2013 | Yazdi et al,, 2013 | Yazdi et al. 2013 -
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Table 6. Fitness function based on model coupling

Objectives Model References
load-resistance model(Mays, 1989) Ahmadi et al. 2012
ECM model Huang and Zhang 2012

Water quality
Environment

Revised ECM model(+rainfall, topography)

(Liu et al. 2009; Ding et al. 2010) Zhang et al. 2014

Run off

MIKE-11

(Danish Hydraulic Institute) Yazdi et al. 2013

Society Accessibility

Marginal benefit of improving accessibility
(Mansfield and Yohe 1988)

Accessibility (Wang and Tang 2013) Zhang et al. 2016

Inevitable of accessibility
(Wang and Tang 2013)

Crop yield model Karamouz et al. 2009; 2010

Crop yield Grahraman and Sepaskhah 2004)

Economy SWAT Panagopoulos et al. 2012
Iricati Cropwat(FAO 1999) Karamouz et al. 2010
rrigation

& SWAT Panagopoulos et al. 2012
5 0=2A9 4 T3 31" A7 F 578 5 1) ¥713 EA(Additive objective)
2 @9 2ol A} 5A U 5xA(I,)E 87, b8, A ZH)A gxq_rg_ B712
=

A
N8 fo, B EEAF g BAIFoR  Ad| bet 2 TV a, FL fo,, F

=R
a5
=
. I

)

A&t =), Goal programming®|2t aFiTh Zote 4% 1:111:— e APl Took-up table

(Cao et al. 2012; Cao and

Ye, 2013; Eikelboom 2Hdste] ARlsh= WhHE, 71Eo) 4lE=rt 4

et al. 2015; Li and Parrott, 2016; Mohammadi et ¥ B 2l AAlske Wyes tEd &
al. 2016). ©] WH-E HHE Aol 7P7hE A€t Atk A HA WEQl look-up tables &85}
ARA @ AR ARE Hrfat 2 AYEFSE Tk 24, ol 757
o AHgAlY ABES e & vk g B AR At gl 204 S gloy
o] s FUAY HAsirde) PHoe W H3
0 oy @ Axel 2754 vk el Uk &
_ fopw—1 Pue
! OBJEO“"[ﬁ} e AE 47 3 1980 494 54, A2} B,
0-%74 &, o, & 2AY 54, £, -4 ;j— o"ﬂ? U8, GIS7IY & o1 g3t
= Fk, [ =% 31%k(ideal valufreference point), RS 283t lookup tables 753}

(Table 5) AAZA AN A BEAS l

oﬁ oko 2 Ay
oo o
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Table 7. Methods to adjust spatial pattern
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Method

References

Neighbor method | 2010; Karakostas,

Cao et al. 2011; Cao et al. 2012; Eikelboom et al. 2015; Eldrandaly,
2017; Li and Parrott, 2016; Liu et al. 2015b;
Mohammadi et al. 2016; Shaygan et al. 2014; Yuan et al. 2014

Fitness function
Boundary lengh

Chen et al. 2010

Landscape index

Liu et al. 2015a; Porta et al. 2013; Roberts et al. 2011

Cao et al. 2011; Karakostas, 2017, Li and Parrott, 2016; Liu et al.

Opera-tor CrOSSOVer | 2015, Liu et al. 2015b
Mutation C.ao et al. 2011; F(.)takis and Sidiropoulos, 2014; Li and Parrott, 2016;
Liu et al. 2015a; Liu et al. 2015b
Modified function | Huang and Zhang, 2012
etc. Proximate analysis | Stewart and Janssen, 2014

Constraints

Zhang et al. 2010




Figure 4. The concept of neighbor method
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Table 8. Methods to adjust spatial pattern
Coupling structure Explanation References
Cellular Automata->GAs Analysing spatial scope Huang and Zhang, 2012
GAs->Ant Colony Algorithm Re-optimize the result of GAs Mi et al. 2015
GAs->Game model Select alternatives Liu et al. 2015a

GAs->FRAGSTATS 4.1

Liu et al. 2015b

Analysing spatial pattern of result Yuan et al. 2014

GRASP->GAs->TS(LLTGRGATS)
Greedy->GAs->TS

Initialization for GAs

Re-optimize the result of GAs Mohammadi et al. 2016

Multi-Agent System+GAs

Yuan et al. 2014

Coordinate agents(government, residents) for GAs Zhang et al. 2010

Cellular Automata+
Bid-rent agent model->GAs

Analysing land use change, Analysing residential

area choice trend Zhao and Peng, 2010
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Table 9. Researches focused on efficiency
Year Author Explanation M* | R*
08’ Datta et al. Initialization satisfy constraints O O
100 Chen et al. Comparison with Simulated Annealing(SA) O
- Cao and Ye  |Development of CGPGA(Coarse-Grained Paralledl Genetic Algorithm)] O | O
Porta et al. Development of Multi core/cluster parallelism O O
14’ | Stewart and Janssen|Comparison by model parameters O
5w ol o OACH G e i ACH JE
16> | Mohammadi et al. |Comparison with LLTGRGATS and SVNS O
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