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Exploration of Optimal urban green space using unused land*
-To improve green connectivity and thermal environment -
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ABSTRACT

Urban green areas are generally composed of relatively small and fragmented patches, but it is a
critical factor for the quality of an urban environment. They have positive effects such as increasing
green connectivity, reducing runoff, and mitigating urban heat. But, there is a lack of urban greening
plans that consider the comprehensive effects of green space in real urban areas. To fill this gap in
this literature, this study identifies a planning model that determines the optimal locations for max-
imizing green areas’ multiple effects(e.g., heat mitigation and enhancement of connectivity) by using
unused lots. This model also considers minimizing costs using meta-heuristic optimization algorithms.
As a results, we finds 50 optimal plans that considers two effects within the limited cost in Nowon-gu.
The optimal plans show the trade-off effect between connectivity, heat mitigation and cost. They also
show the critical unused land lots for urban greening that are commonly selected in various plans. These
optimal plans can effectively inform quantitative effectiveness of green space and their trade-off. We

expect that our model will contribute to the improvement of green planning processes in reality.
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R; = value of resistance sur face
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j
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Table 1. Resistance values according to land cover in analysis extent

Index Land cover Resistance Reference Area(km2,%)
1 Forest 1 Desrochers et al. 2011 14.0(39.3%)
2 Grass 14 Pelletier et al. 2014 3.2( 9.0%)
3 Agriculture 27 Pelletier et al. 2014 0.5( 1.4%)
4 Wetland 27 Yoon et al., 2019b 0.1( 0.3%)
5 Water body 27 Yoon et al., 2019b 04( 1.1%)
6 Bare land 50 Yoon et al., 2019b 1.7( 4.8%)
7 Urban 100 Desrochers et al. 2011 15.7(44.1%)

Total 35.6(100%)

Table 2. Local mitigation surface temperature

MRt B0 w
Lir; Oelts al. 100,000 BgEiiII:ag/ 30 35 100 park
Y“zoeltfl' 10,000 Fglll‘l‘l’;l/ 31.178 33 30 park
Duzo?; al. 10,000 Slg‘;‘ﬁgai/ 39.12 2 90 park
Li2 gtl 8al. 4300 Hc'cll?;;l/ 29 1.1 30 park
Li2 gtl 8al. 7700 Hc'cll?;;l/ 30 0.14 90 park
Cherzlzg)lzt al. 9,300 S}E‘El.g;;ai/ 305 23 91 park
YERHA] ko), B AgtelAle] A+ o j=index of potential green space area

FFA HF WA o] 6,000m*Y S eldte] A
7} 2 e 3HeE ARERE 1°C, 2
Y= 30mE A8 oH(Li et al. 2018), 27K
o] Fe] H2)9] FIAL|} HA AU A]
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4739 tH(Yoon etal 2019a; Zhang et al.,
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i=index of area
k=number of neighboring green spaces

[j’j =direct cooling benefit for converting
area j to green space

4, =indirect cooling single benefit area i
received from k neighboring green space

7, =indirect cooling multi benefit area i
received from k neighboring green space

X;= {1 if area j converted togreen spaoe}
0 if not

Y, = {1 if area i neighbors k green spaces
0 if not

Zix :{1 if surrounding area of multi lots }
0 if not

Minimize urban heat (Egjxj +3
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Defining problems

What problems will you solve?

What constraintsand objectives will be set for urban green space planning?

Decision variables: Define the “empty lot” and “Green space”

Input data : unused land in seoul city, green connectivity evaluation domain, land surface evaluation domain

|

Making Initial plans
We randomly select “empty space” and “green space” within unused land to making 100 Initial plans

) . Evaluation domain
Evaluating previous plans =

Using evaluation domain and compactness
Rankthe plans
Sort descending

—» Selection plans
Using tournament method
Select better plans

Land coverdata Landsat8 data

Connectivity

Making r*ew plans
By Cross over and Muation
Making new 40 plans

Elitism elect 30 plans by elitism
Previous plans+ new plans Represent pareto planthat show trade-off between

i Objectives How much diversity contribute to the pareto plan
Evaluation new plans

Using evaluation domain and compactness
Rank the plans

Sort descending

Yes Optimal 30 green plans

Improved
temperature

T No
L Is new plans better than
the previous plan?

Pareto front

Connectivity

Figure.1. Process of the multi-objective planning model for urban greening

Table 3. Fitness values of the selected plans (the gray boxes indicate a performance better than the mean of
each objectives

Objectives 3th 6th 8th 18th 38th Mean
heat mitigation (°C)  -0.7668 -1.6953 -1.1940 -1.1096 -1.1096 -1.17506
Connectivity -11.7582 -9.8822 -9.1801 -13.6433 -9.4444 -10.78164
Cost (%) 106,937,400 135495300 99,980,100  139,339400 96,367,400 115,623,920

New green (lot) 84 92 75 75 75 80.2
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Figure. 2. Trade-offs between the Pareto-plans for urban greening: (a) Pareto-optimal plans on three dimensions,
(b) relationship between heat mitigation effect and connectivity, (c) relationship between heat mitigation effect and
cost, and (d) relationship between connectivity and cost (the black arrows on each figure indicate the direction
to a better performance of each objective).

(@) (b)

Bl Overlapping vegetation

o0 it A B Overizpping vegstation (SRS (T
2 e ——
, B Newvegetation

B New vegetation

G A

\

Figure3. Selected plans for greening : (a)6th, high performance plan for heat mitigation (b) 18th, high performance
plan for connectivity (black spots:overlapping spots for both plans, red spots: a or b single spots) (c) New
vegetation for heat mitigation (d) New vegetation for connectivity



Figure4. (c) New vegetation located at Wonkwang Elementary School Intersection (d) New vegetation located
between Bulam Mountain and Chungsuk Park
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