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Open Space Spacial Pattern Analysis from the Perspective
of Urban Heat Mitigation

Sangjun Kang
Department of Urban Planning-Real Estate, Gangneung-Wonju National University
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U] 05 o] &5to] 75/ oA Au = Zolth A2 th&3} 2t (1) InVEST Urban Cooling
Model& 0], 57]] EX]o]-& AlL+2] 23 Cooling Capacity Index AF&, (2) Guidos Spatial Pattern Toolbox S AF-&,
EA o] & AluE]| 21 Z47h0] @ EAH o] A Entropy?t FEfo}A] S € AF, (3) InVEST Z ¥}k Guidos 2
FZHE-9] Spearman rank correlation analysis. 91772 1= TF2-3} 2T}, Cooling Capacity Index@} Q ZA o] A
] 29 G L BEIP|rho=050), 1 9] AHEL B2 A0 2 ettt o] = 4 A7 B
QB ATo| A Feuto] 2 of}E 14 K5 o] 90w, 1 9] 0 EAH o)A 9] BN EA] B B
o WA 2 Sl 98 2 Aok R0l BT
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Abstract: The purpose is to explore the meaning of the open space land use space pattern from the
perspective of urban heat reduction using the land-use scenario. The employed methods are as follows:
(1) to calculate the cooling capacity Index for each of five land use scenarios, using the In'VEST Urban
Cooling Model, (2) to calculate open space entropy & morphological spatial pattern for each land use
scenario, using the Guidos Spatial Pattern Toolbox, and (3) to perform a Spearman rank correlation
analysis between the InVEST and Guidos results. It is found that the rank correlation is moderate
between the cooling capacity Index and the open space area ratio (tho=0.50). However, other relations
are low. It is observed that only the total amount of open space is likely to have a meaning from the
perspective of urban heat reduction, and that other open space location spatial patterns may not have
much meaning from the perspective of urban thermal environment management.
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TASPE Ao tet BAlES E
Skl ok AAEY L =A o tf 7] AL EAA
T} e E A R Ao A A2 Tk A Yk o]
2 ZAS 12 Q1 A R0 4L 55T S
St Yol A LRt TH(Li et al. 2016). 2| =4 U]
A2 T8 QI T FFOE of2] 83 EAFH
% Stz ool s gt £A)9] o §17 Wste the
AT 59 A4 LS 20 AL VA 5
£ F7)9 3o HlE 2T $ & A th(Melass
2016). Huang et al.(2020)2 &2 4 = &o] A 24y
ol AT} o] 91 4 rka FAaigit.
TA9 EAFAGL EA SR E

— v O

2 v N L8 oo

LEAolg Y
£ 95 53} Bel4o] ¥ 4o ol BYUS B

o] =2] =] 17 }1t}(Cho et al. 2014; Jo 2009; Kim and Ahn
2011; Nam et al. 2008). EX]0]-8-9] &&= 34 9] :=2]9}
ElEo] EX[0]-&-2] YA|ZHf 7 g A7} o] F0]
A 3L =t ol+= 2|25k g T A BEX[0]& 57t
e 2E e Ao A 213 = A H(Antrop 2004, 2000;
Carsjens and van der Knaap, 2002; Chen et al. 2003; Yin
etal. 2010). £A]9] & §4 3} ateto] Q EAH o] A
S AE A AT 8 Bl TR g Al |
o5 72t L EAH 0| AR HoHE= A H lE
AT A AA], 2 EAH o] A, A A 54| 59
FHZ =AW s AlSstal e A 42 U] St
&S 53 =4l @A 92 woIETH(Zawadzka
etal. 2021). A/ W A2 ARIS9 35 HEA B
A7 #A & oty i v A 2F Aol e 5
7% Q. 9lo|tH(Bartesaghi et al. 2018; Kang 2020; Zardo
etal. 2017).
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A, EAO1-& AU 204 QEATO|ARRE &
5t0] Guidos F7HE #4123l s *
EA o] A EX[o]g-0] Zr= (1) Entropy A%, (2)

E A1 0] A 9] Contiguous forest(J A A& A5t
219 @ ZAH o] A FEN)Q} Small-linear forest(T}
Wt E= AqtE QEATO]A PH)) UAH|E =&
Qo A, EXJo]& Alute] F (1) A7 A4t 2
EAu 0] A WA, (2) A7 A4} Entropy A%,
(3) @A A4=2} Continuous forest A B, (4) SAZF
A| =2} Small-linear forest T 2 4] Z}-Z}of| tff § Spearman
rank correlation analysis(rho) ZF& E&3tc}.

UHHO T ox N0 2 A]olL Thoret ey e
24787 B9 WS 39 2202 =9
SEREEE RS RV FRPERREE
oA £ 2T 4 e BIARL =4 LA B
AERIEEPERFEICRIC PRI
018 AW 537 e}, @ EAHo| AL ols o
ol met LAIF Y, AT Y, B ARIES] H 2l
Aokl Y= B 375 TSt ] = AREH T 5}
A& Ao A =0ots LEAH O A= AR T
7reH73 2 B A0 A A5k 2010 T T &
A9 E 2] = 0] EX|o] & F7 F A A 9fn|st
AOE Qoo APl ct. 2 A= TA| EE
] T A u] Y= LEAH 0| A FZof if
CHJRE =0 4] A5l 7]0f_ttt.
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1. InVEST Urban Cooling Model Analysis

InVEST (Integrated Valuation of Ecosystem Services
and Tradeoffs)= R B A A B A 71X B 7} A 290
o] TH(https://naturalcapitalproject.stanford.edu). 2 ¢
T A= InVESTO) A] A Zote G4 s =Pl
InVEST Urban Cooling Model& AF-8-o} %t} 2 23
Solgrgo Aol Aagt oHo] B
2L otyu, AF A ) EAo]-§ F2 WMo
A vl udE Ao HP o g ofu|7t At o] B
48 ALgs10] EX0§ AltEle 2 A|ee] dRAS

OISk &= 1=t A7 A|43(Cooling capacity index,
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CCiyg A E=Z JHBIAT At oot gt

K. - ET0

ETI= TET.

CCi=0.6 - shade +0.2 - albedo +0.2 - ETI

Cooling Capacity Index (CCi)= 3l X 2} 9] Shade,
Evapotranspiration, Albedo A=E- 0]-8-5}0] AlAHE T
(Kunapo et al. 2018; Zardo et al. 2017). Shade factor+=
E2j018 938 9] WA ol am o} 55 4
T (Tree canopy) H]&-°|t}. Albedo factore & 2] 0]-&
43 B FEAF ]SS U] H T} (Phelan et al. 2015).
Evapotranspiration Index (ET= AlAjo|u EY =
AE A ;O 2 RE o] FTAF g2 SJn|StT ETo=
ALt AFA] ] Reference evapotranspiration, K= E A
o]-& F3 9 Crop coefficient, ET,, = ATHAA W
ET0 @ 2] &t gko]th(Phelan et al. 2015). -t 4t
A Pt Agh A4S sF A1 H 9] Urban Heat

Index (UHI) magnitude®} Urban Heat Index Maximum
(UHIL) 35S 53] AlA= =4 Global Surface UHI
Explorer (https://yceo.users.earthengine.app/view/uhimap)
O A A5E] = 4FE A8-513A T} Urban Heat Mitigation
Index (HMi)+= 75 20,000m? (2ha) O]AF & F19] =
A LEAH o] A7F AT tAA] Wl vl A= Wt a st
£ ookt ddA Wl e P49 CGi gk 1
TE =2 22 E 0] A2 v 715X Hetghe] 9%
& "=t} McDonald et al. 2016; Zardo et al. 2017).

]:l i = ZJir, ref + (1 - HM) ' UHIm(Lx

AN IA W ALt = A 2= a2 ARt
FH 02 gAF SR gAtE o] A7 hiof
InVEST Urban Cooling Model©]| 4]+ Gaussian function
with kernel radiusE o]-&5}9] T,, 2 Actual air
temperature with air mixing (T,,)E Z| A3}, Air

temperature without air mixing (T, )= $2] 53402

Table 1. Input parameters for the biophysical table

Land Use Shade Green area Kc Albedo Building intensity

Background 0 0 0 0 0
Developed 0.05 0 0.37 0.18 0.7

Agriculture 1 1 0.7 0.2 0
Forest 1 1 1 0.15 0
Grassland 1 1 1 0.2 0
Wetland 1 1 1 0.11 0
Barren 0 0 0.3 0.2 0
Water 1 1 1 0.06 0

Table 2. Primary INVEST model input parameters

Parameter

Description and input

Maximum cooling distance | Distance over which green areas larger than 20,000m? (2ha) (Input: Recommended value 450m)

Reference air temperature
DivisionList.do).

Average daily temperature in July, 2018 for each land use scenario. Ulsan 26.8°C, Pusan 26.7°C, Daegu
28.2°C, Daejeon 27.9°C, Gwanju 28.3°C (https://data.kma.go.kr/climate/RankState/selectRankStatistics

UHI effect earthengine.app/view/uhimap)

Ulsan 3.01°C, Pusan 2.22°C, Daegu 4.29°C, Daejeon 4.149°C, Gwanju 4.46°C (https://yceo.users.

Air blending distance range 500-600m)

Radius over which to average air temperatures to account for air mixing (Input: Rrecommended value

Area of interest

A map of areas over which to aggregate and summarize the final results

Land use Land use scenarios

Map of evapotranspiration

Monthly Actual ET map for the July, 2018 from the USGS Earth Resources, developed by the
Observation & Science Center( https://earlywarning.usgs.gov/fews/product/460.
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Note: Dark blue rasters indicate high evapotranspiration values.

Figure 1. Evapotranspiration maps

AR E = Ty A 99 rural reference temperature
£ WEhW ™ UHL,.= o3 A UHL 8 70] 2t =
U2 St o]= 11 Ao A #EH = maximum
temperature®} T, 9] ol & Liehic)

InVEST 8 ¢ 2 A}7 & Biophysical table, Y2 1
=%k, 37HAF= 0|t} Biophysical table2 EX|0]-& E57
34 shade, Kc, Albedo, Green area relation, Building
intensity H4gHS 71| 1L it 2 W4 3E2 Maximum
cooling distance, Reference air temperature, UHI effect, Air
blending distance®] t}. F-7FA} &= Evapotranspiration

raster, Area of Interest shp, Land use scenario raster®] C}.

2. Entropy Analysis & Spatial Pattern Analysis

Entropy+= %) ® 0] 2(Information theory)2] Entropy
BEHE LR, AP E= S EAA B4 EA0|
29 BAFAI 91 29 S BHT 5 et
(Vogt 2010). A-H/SA] B2l A 54 S H | &
Atolut 9] 4222 Entropy A== UEHATH(Das
Chatterjee et al. 2016; Sudhira et al. 2004; Yeh and Li 1998).

FRAGentmpy == ZP, * ZOgZ (Pt)

Pr= 49 ofv]A] gloE o]l A IRt 7 o] 2 AL
ol A kol (i)7} HEE BES AU} FRAG

LR

E 0 N

[ Contiguous

[ SLF: sman &
linear features

- Core: interior area excluding perimeter

[l slet: disjoint and too small to contain Core
D Loop: connected to the same Core area
[l Bridge: connected to different Core areas
- Perforation: internal object perimeter

- Edge: external object perimeter

[] Branch: connected at one end to Edge,
Perforation, Bridge, or Loop.

Source: Peter V, 2003, User Guide of Guidos Toolbox, p. 28, 29.
Figure 2. Comparison of SPA2 (Left) & MSPA (Right) methods



A3k 00]14] 100 Aol 9] HO.2 Ligfich i)
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£ AT A0z 0B Auo|A EA0§o] £O
Bz AY-2YohT Ake AL vl v
Entropy 0] ZtH(Max. Entropy)+ 3 -ASE7H S
2 A0 U 2 HEE FH| 02§50 £4)
0180] o] A3} 3122 JFlFHc, Entropy 24
2 Guidos L& 135 0]-&5}3 T}

Q—E—iﬁﬂol/\ EX] 0]8-9] ZT7HEA 2 Guidos T2
Gafol A Fatolct o n2
I92F9 7] -5-__§ MSPA (Morphological Spatial
Pattern Analysis) 7|52 Al&-5h=d], Y &5l= o|u|A|
tlolEl 9] Fejed EAZ Core, Islet, Loop, Bridge,
Perforation, Edge, Branch®] 77}A] -8 0.2 E5&5}0f
olm A A8t &4 A2 S ALE3I) o]0 H]-OH SPA2
S MsP 750 A5 771 Fefetd 592
Contiguous features(A 242 A3t £ 77 1L0] 2 &
A o] A ), Small/linear features(THHS}F E= AF
B QEAH oA FH)) & 7 7HA| = EFote] Aitgh
= Alg ettt & Aol A= AFHEA U LEAH
O] A7} Contiguous features G Ef 2 AFH =2 2] A4 A
S 9ATA B 519 7152 e AP, T8A
2 505199 G2 51T 71
Lot 2 AL =11 A5} ) Guidos EA0of ot =
71 =9+= Kang $(2022a; 2021)°]| 4] Zrol& 4= Q)T

3. EX|0|E AlLIE|L

& A= EXO]& AU 2.F o] 83t 24|
AE

o] EX|o]g FZ " o] I A EA oA ofd

AuE A A Ee 2HE 5L 9loh BEAO]
& AU Q= Ak o B T, 2457 B AAl
9] 2018 Ex[o]- g0 2 Aokt & %‘LOM At
S5 EA0]& AR 2018 2 57k A
22 Gt o 20184 B 0] 82 71 34% =A
S ApEote] ARHY g E-S flote] A
Aot 2 Aol = s = A ATHEA
B 573 o4 FH A ofn| Fol= A hokA] o
<0, olok et £8 A7HS thedk 2o
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e Am R B 0182 A7k B4, A, 24,
A, WA, eH 02 R 2024 89 7], B
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Pusan Scenario Daegu Scenario

Gwangju Scenario

Daejeon Scenario Ulsan Scenario

Note: Green areas indicate forest land use. Red indicate developed land use.

Figure 3. Land use scenarios
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A, & AtolA d A AEE AHH FAT A
*(Cooling capacity index, CCi)o|] = A} 0.51,
T 0.59, 35 0.55, 04 0.61, 24 0.625 LEFY L
ek RAL A Lhe] 07} 71 e A48 Bol o, 4t
Adel et 0628 1 E& A7 A 5E Bl
A, =X AAZ 5] 714 2 7101 51 Ak
2|9 9 Z AW o] AT} AR B A 7| = 2410] 92.39%
2 7P AH, 3571 26.46% = 7HE A2 HAZ A

St Itk @<e5] AT Hoke wf @ EAH o] A

WA Bg&o| 7MY F A AU 7 7MY =2 T A
A 58S Hol= A0 Yl Qlot

AR, QEAT 0] A9 A JFEE e
Entropy= 2| 7FAAE5E QEAT 0| A7 AR T &
B0 o0, £A7F 45 QEAH 0| AT} YA
g0 Irh= A S Uttt 7MY HS et 22,5
Fo 2] 9] Q EAHO]A Entropys 11.7232 FAF A
2] QoA gt the 0 & th o Al 15.83,
SAFAIUE] Q 2022 5-F Ho|H 7MY =& X719
0ot B2 JFEEs 5 AUE Q00 A] 21.88% U
BV ek A F o2 RE AU Qo] A4 o

Nomok ol

Table 3. Results for each land use scenario

Land use scenario | CC Index | Forest area (%) | Entropy Index (%) | Contiguous forest area (%) | Small & linear forest area (%)
Pusan Scenario 0.51 46.57 11.72 94.89 S.11
Daegu Scenario 0.59 68.91 15.83 95.38 4.62

Gwangju Scenario 0.55 26.46 21.88 91.52 8.48

Daejeon Scenario 0.61 41.63 21.48 94.11 5.89
Ulsan Scenario 0.62 92.39 20.22 95.23 477

o

Pusan Scenario Daegu Scenario

Gwangju Scenario

Daejeon Scenario Ulsan Scenario

Note: Green color indicates contiguous forest areas. Non-contiguous areas are represented by red and orange colors.

Figure 4. Contiguous forest & Non-contiguous forest (Small & linear forest) areas for each land use

Pusan Scenario Daegu Scenario

Gwangju Scenario

Ulsan Scenario

Daejeon Scenario

Note: Entropy values show high to low in the order of red-yellow-green-blue-purple.

Figure 5. Entropy maps for each land use scenario
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Holt}. (2) A4 A5+t Entropy A|<=gk Ao 9] =
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AFo]9] 22 AF/d (rho) TFF 03002 W2 =9]
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