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ABSTRACT

Environmental planning includes resource allocation and spatial planning process for the conservation
and management of environment. Because the spatialization of the environmental planning is not specif-
ically addressed in the relevant statutes, it actually depends on the qualitative methodology such as
expert judgement. The results of the qualitative methodology have the advantage that the accumulated
knowledge and intuition of the experts can be utilized. However, it is difficult to objectively judge
whether it is enough to solve the original problem or whether it is the best of the possible scenarios.
Therefore, this study proposed a methodology to quantitatively and objectively spatialize various envi-
ronmental planning. At first, we suggested a quantitative spatial planning model based on an opti-
mization algorithm. Secondly, we applied this model to two kinds of environmental planning and dis-
cussed about the model performance to present the applicability. Since the models were developed

based on conceptual study site, there was a limitation in showing possibility of practical use. However,
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we expected that this study can contribute to the fields related to environmental planning by suggesting

flexible and novel methodology.

Key Words : heuristic optimization algorithms; Non-dominated Sorting Genetic Algorithm II(NSGA II);

Ant Colony Optimization(ACO); Spatial Decision-making Support System(SDSS)
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Figure 1. Comparison between Qualitative and
Quantitative planning model
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Table 1. Environmental planning including spatialization(Korean Environment Institute, 2017, revised)

Environmental Planning Relevant statutes Interval

A7 B
(NATURAL ENVIRONMENT 10
CONSERVATION ACT)

A B 7 EAE
(Basic Plan for Natural Environment)

Fa4A71e
(FRAMEWORK ACT ON ENVIRONMENTAL 20
POLICY)

7R TEAY
(Comprehensive Plan for National Environment)

A4 371 2

VA4 =ulz]y E‘ @]'
147 dd7) 2 (FRAMEWORK ACT ON LOW CARBON, GREEN 20

(Basic Plan for Sustainable Development)

GROWTH)
BB 5P B4 372
(Mid-Term Comprehensive Plan for (FRAMEWORK ACT ON ENVIRONMENTAL 5
Environmental Preservation) POLICY)
FABATHAY LEEEN "
(Comprehensive Plan for Environmental Health) (ENVIRONMENTAL HEALTH ACT)

A kA A A7)
(FRAMEWORK ACT ON LOW CARBON, GREEN| 5
GROWTH)

7158 &7 A 9
(Basic Plan for Coping with Climate Change)

AN SANIEEAY Q18R

(Comprehensive Plans for Clean Air (CLEAN AIR CONSERVATION ACT) 10

Conservation)
FEAY 7S 5 a9 e
T FEARBAANA BE S

(SPECIAL ACT ON THE IMPROVEMENT OF AIR 10

(Basic Plan for Improvement of Air Quality in QUALITY IN SEOUL METROPOLITAN AREA)

Seoul Metropolitan Area)

251 A 7] 7] B 8
ﬁ%%"\%aﬂ\_ﬁ]ﬂ %Q’%‘Eﬁt&

(Basic Plan for Management of Water |\ tpp ENVIRONMENT CONSERVATION ACT)|  1©
Environment)
B0 &7 EA EojAlo] &E31YA Aol A H E
(Basic Plans for Wat R ) (ACT ON PROMOTION AND SUPPORT OF 10
as1C S 1O ate: cuse W ATER REUSE)
EJH A7 EA g EYSARAY 10
(Basic Plan for Soil Conservation) (SOIL ENVIRONMENT CONSERVATION ACT)
A s e] 71 87 8 A&k 10
(Master Plan for Management of Groundwater) (GROUNDWATER ACT)
FA BT A g FA B 5
(Master Plan for Wetland Conservation) (WETLANDS CONSERVATION ACT)
=nl 37 b REL]
PP B EH 57 EA Y oA ER TRl A B HE
(Master Plan for Protection of Wildlife) ( PROTECTION >
aster Flan ot Frofection o © MANAGEMENT ACT)
AR A7 BA B
W A7 A 77 (LANDSCAPE ACT) 5

(Master Plan for Landscape Policies)

Adzzgel o v A
(ACT ON THE PREVENTION OF LIGHT 5
POLLUTION DUE TO ARTIFICIAL LIGHTING)

g3l A Al S
(Light Pollution Prevention Plans)
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Table 2. Strategies and objectives for spatialization of environmental planning

Contents
4df A el BA, oot A = Al S, AR BA,
The conservation of ecological axis | Conservation of core ecological area/axis in national and metropolitan city
scale

=7 2k dd=A, Ao dA=EL, w29 skrle] A4, shd ik 92
Connection between green spaces, green space and water body, and water
bodies. three-dimensional greening of buildings

FHB5A, Ayl gus T, Y fAAART T, AT, of
BEAERTTY, FARSAY o g Hl& &
Protection area ratio for terrestrial ecosystem, coast/ocean, forest genetic
resources, natural parks, wildlife, wetland, and etc.

Strategies/objectives

Improvement of connectivity

Protection area ratio

@, GER, B, WAL FARE, 2AHA
%5
Water quality targets of Han River, Nakdong River, Yeongsan River,
Seomjin River Water quality targets by grades of urban stream
PM2.5, PM10, NOx, VOCs, 237t19] 58, 3330 Y &34
&5

Reduction target of PM2.5, PM10, NOx, VOCs, and greenhouse gas.
expansion ratio of public charging network

ARG o] HAad}, AAZSY o] AE, e Fd FL9
=7, 2@ BT A4 5

Minimization of natural landscape transform, application of nature-
friendly materials, sufficient green space surrounding the sound barrier,
formulation/operation of light environment management area

Water quality target

Air quality target

Landscape conservation
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A4t att. tholA= A8l o] E(optimizat- X Th(Stewart et al., 2004). o|elgt A& 3
I A
2]

(A
S

A7) gate] 7129 A E dE ]
Ug| S Ax 9 grlsie] AE3IE trial-and-

error approachesE 243l gtk T3} A%

ion theory)?} 71 B A& 27 Ths, ©o] & 7]
wto g & A Adnd AAE Atk

D A3} das

SA G AN A ke =4 F AEA SE,
o AggHl e g, £ hd 52 9
71 =2 AlE 8452 LID(Low Impact Develo-
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o} o2zt 7/ A a0l a3E Siglel|
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A7 el 1 X9 = sk A
]9~ =82 ¢l 7}z]o]thZhang and Chi, 2018).
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Chi, 2018; Schwaab et al., 2017).
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(Particle Swarm Optimization)”} 24X =7} 717
=3l(Duan et al., 2016; Porta et al, 2013),
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Existing Dataset/techniques

Strategies and Objectives
of Environmental Planning

Quantitative planning model
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Figure 2. Quantitative planning system for the spatialization of environmental planning
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Table 3. Outline of the case study

Case studyl
OB LT

Case study?2
@15

71 2A 8) e )
Maximization of
L. species Minimization of
Objecti pecies .
ves conservation climate change
Minimization of impact
cost
Allocate urban
Allocate protected . ’
Scope agricultural,
area
natural areas
Non dominated
Algorith Ant Colony Sorting Genetic

ms Algorithm (ACO) Algorithm 1T

(NSGA 1II)

Maps of climate

Potential habitat

Input maps of species | change impact C
A and B and D
Charact | Spatialization by Various scenarios

.. . . for decision
eristic | weight adjustment

making
output
in 1 plan 100 plans
single P P
running
Number 400 400
of cases 2 3

Table 4. Potential habitats and land price
(unit: 10,000won)

Species A Species B

- T ol

[ o

Leg- . I
ond - habitat -30‘

-

Land price

HAH &L 60%0] o2 gHEse] 41 H]gol
YR ok ok 4 olok 23 o, v 5
Bof| th3t 7}522 0.1 A8F 23 6k] 2o

FPgto 2, BolHt} e v o] AQTE
275 4& § kil o BRR A=

l

Table 5. Selection of protected area
(3times simulation)(unit: 10,000won)

— —
Simulation Simulation Simulation
1 2 3

Spect | 7 19 63.8% 80.4%

es A

Spec | 24 9g; 70.6% 57.7%

es B

Cost 4110 3520 3940

Feed Conserve

back Reduce cost more of A -
2y o] voblE A A EIL et
weh. 59 27k % Bl ol Ao §
23 Fol7] wge] WAL wol3 ek,

BO3lA FAC] 7tEAE 0
e AE 0.1 AT Utk Afyom
2ol3o e FA HAu|go] wojpd s
16.6% S7Fete] AR A7E &S Aoz
o & 4= 9lrh

1 3Ez%, EBY

2. AIE.*’S*.%Z: 7|EHistA
AALE &= F7PF

S0l thet =7
WA 83 o),

1_ -
e 715t e Hasksta ol A4S
& 5 gle el e Aeke Fie
ol Zefstsltt. oIS flel AEA, wBA 77
A 53 #AHQ] 9= VA 5 e 71FH
3 9% C, DO FUEEEE Moz A4t
ﬁWTabIe 6). =& 2t 713} J o] 2

oHlﬂ]f—L A 7}*‘9_ 2+ 8+ tHTable 7 and
8). AAl 7153l FHopH A = 715
AU 7t PN E o, A EXo| &L
Z1Eo 2 AT F e A Es Hrtsi
(MOE, 2017), & Zdle] tjdAle] Exo]
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Table 6. Climate change impact of C and D

Impact C Impact D

=4

H
g=]

E| |:| Low

- Medium

| [

Table 7. Damage costs of impact C
(unit: 1,000,000won)

£ Pareto-optimal solution 2 Non dominated
solutions@}1. X3 9h).

A7} To e o BAAEL o] EX
AEAMeI 08 BlarEs Aol gel 304
AL vt Jojd F vk o F 501, 7]
T}t GRkCo tgk N7t w2 E‘l‘?i dEF

= 20l v Alve] 210 O]"W‘ﬂ

/\Z
T

digtel B 4 Gk EE F 1) £E0 44
A9e] izl B nefelel Al es Fe o
g Adeles 498 4= g

Hich Medium Low Table 9. Land-use scenarios considering the climate
Categories . £ . . change impact
o8 IRACY (g (single running, unit: 1,000,000won)
Urban 10 5 1
Agricultural 5 3 2 Scenario 1 Scenario 2 Scenario 3
Natural 1 1 1
Map
Table 8. Damage costs of impact D
it: 1,000,000 i
(unis 'won) ]_ﬁge -Urban -mg%ncul l:lNatural
Categories lstign ifettin il Cost
& impact impact impact C 665 825 758
Urban 4 3 2 CSSI 978 841 870
Agricultural 7 4 2 Total
Natural 1 1 1 cost 1,643 1,666 1,628
18] B2 1007he] EAlgAILs 2 B AN YA ARG 0 52
dEen I T dEA] AU Al 7S 9 olelE w7 Asl 5 Al FEGE,
HARLNKTable 9). 7 Akel e AEA, 5 TEALS A4E PH) HelF 5 Yk B
A, AR A 7 Ade ATt @@ M) 3N WP ANAE ah
Al 21 100709 EA[o]gA¢El . T Ty oA A A A A A
geol B Aaiul go] g A e o, Ak mele] ABE Tk AN BN 1 0

2] 22+ GYD Wt Feliu]go] 7P A2 <t
ot} ukde] Auzl 93 Alue]el, 28t} o
FC, Do igh Faful g2 47 v Fout ¥

Ae AEuehs B e wel%7] ofdthe @
A7k SIT Wby B Qe A B
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