SFERZASIS|K| 47(1): 49~56, 2019. 2. PISSN 1225-1755  eISSN 2288-9566
J. KILA Vol. 47, No. 1, pp. 49~56, February, 2019 https://doi.org/10.9715/KILA.2019.47.1.049

EABAG SRS e ABIA AT
- AR 92 AGE FHOE -
AP

Correlation between Urban Green Areas and Outdoor Crime Rates
- A Case Study of Austin, Texas -

Kim, Young-Jae
Assistant Professor, Dept. of Forest Resources and Landscape Architecture, Yeungnam University

ABSTRACT

Urban green spaces have been contributing to the improvement of environmental, mental, and physical health for humans.
In addition, recent studies showed the potential role of vegetation in reducing the amount of crime in inner-city neighborhoods
at the micro-scale level. However, little is known about the positive role of urban green areas in improving urban safety
at the regional level. The purpose of this study is to examine the relationship between urban green areas and actual outdoor
crime rates, while also considering socio-demographic factors. The study area is the city of Austin, Texas, USA, which
consists of 506 block groups. This study utilized socio-demographic factors based on U.S. Census data and vegetation-related
factors utilizing GIS and ENVI software. For analyses, the analysis of variance (ANOVA) and an ordinary least square
(OLS) regression were utilized. The results from ANOVA showed that yearly crime rates per acre for areas having 0%~25%
trees in their neighborhoods were 0.46% and 1.05% higher than those of having 25%~50% and >50% trees in the
neighborhoods, respectively. The results from the OLS regression represented that income, NDVI and park rates in
neighborhoods were negatively associated with the crime rate per acre, whereas the percentage of minorities and the percentage
of teenage school dropouts were positively associated with the crime rate per acre. This study implies that urban green

areas may help to improve the safety of urban areas.
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Al HOE EASALAE SHHTE AA, AP Bo] e AA SF s TEUTE 5t
o5 7re] FAAAE FAEUT =9 AFEA FAHAA AFshe EEIFS &4 DR st] 221 A9
AV - 784 E4E storela, GIS % ENVI Z2IHS FEstel £A%A Was SoAE MsE PEaA:
EARA Yo BE BASEN g0 42 S ol Se) WL Jla] ALEAEA 0] AL, ALF - ATEA 54
2 BANTIR, EARAUSS} S9H ) FHAARAS A5 ALY Aol AHgH A QALWREAA
I, EAFEEE 0] 0%-25%C1 sl Fohs 2199 ace A7 SMHES 120%2A FHEHE] F2 25%-50%2] A1
9 50% ool Al uTh st A7 SoIMH &) 77} 059%, L17% BE AC T ety HARAAD, 25U5H S
7 S RFEAN EL A7 LU EH Fo) FVIAE Wol T, AV AALEFET BASA 24 AFAAAF
(NDVD) % 39 B4 v &2 A7 SAF &R 59 JAAAE Hole ALE veth £ A9 A A9
b8 ALE A3 EAIEAS Faol RS AlAFSAL Stk
TA . FEY, EATE, Y
l. A-l% et al, 1998: Peters ef al, 2010: Kazmierczak, 2013).

AF7HA ] A Aol B EAl=A o) &4, HA

TEAAFHANA 4k "ol A ZAL o] = A, AASFH, ASAR SHAA ] FAGAQ A o] Lfef] A
7V Atk AFEAY] ko] AL FAsE oy 22 F = & AAEE F e B EAIEAS A BAleH.
Al QP43 (Safety) & 7P 710] == 409 (Lee, 2008), 5 2 APAtes EASATE S AL F dvke AT
3] 29193 (Outdoor Crimes) 25E 9] SHAAE TA] AFH AFNE HAFI Jr} EAEA9] o] TEA XL e
E9] A5l st LS Q3] dFHoR FHEooF ¢ ATl AFste 1458 9] AFRE tdoZ AFH
o} 015 98 B2 TAES AE T2/AL, SNEE F 9] 344 (aggression) & Bl W& A3}, TAEA| o] W 2]
o] £84 4L MAdske wES 7)€l itk AT & of Al AFHIe] J8A] Xgk AYel| Al AFTIET
oA} 22 Sar v EYA PNATORE S FA4S HFItHKuo and Sullivan, 2001a). 3, EAA]
a17] of#& Aol glom, Sepz]el At 2744 SHA 287 (inner—city neighborhood) ol 71F8h= AFRE T4
o] Z9AY A7 Qs EAEA| 9 Al o] Al o O 2 o APelA BA7L B NG Al AFRIE HX7t
gt HE e ATES EASATL A Z2 H3H S &g Ao Abz AFRIED 2 M B FHES B
A AREES] 78S FAHACE HABAATH, B9 A RaL, AA HEATAYNETE 2 A0 E JERTHKuo and
el 7198 4 ke FHE HolFrHKuo and Sullivan, Sullivan, 2001b). A EA| =] 9} bAJ ] AAlo th st 7]
2001a: 2001b). Fo] ATE AFE BEY AFUS g 29 Z3A

AR O 7 A=A = 344, XA, AASTH S o =Xkt HATANEE v g 2AE rAEQ] SH
A SAAR TS e ZoE YA k. 3EA 51 A8l A7t ol FA A SHAAM Y EAIEA ¢ ¢
ANM EAEAE TA W 2EASS 98 SAEHESE 7] A tet Ate FEsith
HtN71E B 7HAAL oM (Feyisa ef al, 2014: Susca SYUEE UAFeR 3 A=A 9 oAl AAE AT
et al, 2011), SAHAEE 53 g7|5=x24, 171324 (Kim B AdTE vEs dAeltk oek A#d o o]t AL
et al, 2018) & EAISIE Q& BAsE FATAHE s W, I F ¢ 7HA olf= W3 o Aush dloje] &8l A7t
g & 98 32 Utk T SAEATE B2 A A Al ATHe Aoltt, vt o s Wz WA g g AEE Al
£9] 2385 (physical activities)©] B &3] o] Fo| T ) AEANZEEH AFES g, A R F
O 1(Saelens et al, 2003: Giles-Gorti et al, 2005: Rodriguez g7k sk 24 A T} FulSoA Aled EokS of
et al, 2005: Berrigan ef al, 2010), AFEES AMH 2EH X~ 718 & Q7] Wiol ARE A AlFe7] ofe AAelth =
2 A 2EfAE W3 S B 4 JHKaplan and St suje] HAEA AT 7EH0E YAHTERE FLEH
Kaplan, 1989: Hartig and Evans, 1993: Staats ef a, 2003). % RO, 2~4719] AT |l UE AT A7) W Eo A
ozl EAEAE AFHES] ALBIA FTH(social integra- 29l WF A A E BAe] olf SHT B Qo)A
tion), AF81A Froizt S A%7H(social ties or social connected- AR E A Qe 028 A= Wy B A gk 43
ness) = AFHAAA FEU FAAR] 982 & F Urh(Kweon (A9, A=, 737h 2, 9A), dx 53 AA(FA 32 F

50 s=xzsks|X| H| 47H 15(2019 2%)
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X)2 AT Yo] tefst B0 A1 8% 4 otk w Table 1. Description of independent variables
B = DAL~ O A 2 fgaro

2 & AFe v HARL 04" A AAE YR A Variablos Description
3] . 58 ENO E O A9} A Lo
5] et S= Ozﬂ }\] 7]‘# E/\] ] 9} 2 Zﬂ 9] H Impervious surface Impervious surface areas+total block group
F&o AAIAE BAE A Sttt Ao P 1E TAE areas(%) areasx100
27} & 2 o) E’\P—'?ZV]' 22 AYHTE A7 oW H & Tree areas(%) Tree areas+total block group areasx100

B AT g A AYE v= HARL Fo] FEQ Q AF

Bl AlE 20119 5E 20149704 W= W 7H
SAIZ AAE AL (Forbes, 2018), 20104340 =
AbEl o= ol 2AL A H(US, Census Bureau) 2] A& 9|
SFH Q2E Al oF 79%F Ho] ol Wil 487%, 3129y
35%, 591 7.7%, WSt 6.3%, 71€F 22%9] thket QlFo g
FA4% EAJoItHUS. Census Bureau, 2018).

Aol A ©9lE 201039 :[Lii] nj=te] A2 EET
% (Block Group)Velth £.28 Al & 506719 EEI1FS
Tl S, o] T A5FFl $10,000 o]}l
3 o) 7o) 02} Qi

%
L 1
AA F AT E5IFS AT &5 dA3
< E Gl
5

Ao 2ee AL A7 o] & 7} dA5]
DAL Algo] AR = Ay spEAo] B3, o]E EA R
5 A% o

Ao AAA E A7} gorst A} sl EAE
A Zve) AgaA BAAF g AFE
o ol pEA} EAHM AT BEIE G99 A}

r°"

3] - o1 8H% EA(4AF1EH] & (minority), 454 (income),
%k (median housing value), 42 &(unemployment), &1/d7}
7 H]&(female-headed family), 10tH 8t SE/ A} B]E-(teenage

school dropout), BAZA 78] W& (welfare receipt), ATFUE
(population density) )< & 172 SAMTE LK Yy,
2014: Kim and Woo, 2016: Woo and Kim, 2016). &3l =A%
A (55 WA (tree areas) HIE, FH2AAAF(NDVD), &
AU (park areas) Bl&) ok TAISA & Aol ok vl
= HE(EEFA EXWA (impervious surface areas) B,
A Ijd’%(water areas) M) 7} & A1 SHHEFEN &8
S QATH Table 1 332). wl= AZ A= (United States Geo-
logical Su rvey)oﬂ*i HEE Q1A DY oA E o] dste E
29| EYHE FEot, FEHA I FAHE, 12 of~
ZE, ZIZE T EFFA EXAHAS getet & £EET
o] WAL R prol —’F HA ‘ﬂ] —’Fﬁﬂ a7 HA 1)
THEAHA vl HFE 73 2

Normalized difference
vegetation index(mean)

Park areas(%)

Water areas(%)

Mean of NDVI

Park areas+total block group areasx100

Water areas+total block group areasx100

H F7 s F5517] 918l Landsat 7
Y 3¢ W=} 4 WIEE o] g3}
of E5IFHNAY A2 A (Normalized Difference
Vegetatlon Index: NDVI) W& #5319tk A AATE
SAUEE YeplE AT T stUEA A 39 Hee
—13} 1 Afo]e] FO & Azu, &9 e UEPITE 574
o] 1rt =2 AL o)t} G A 3 30x30m
A719] SFSHA LR o] H, EEIFE HAus o)
o] °47_L A0 *1—9“0} E} _Efﬂ 928 “’i“lﬂ -4

E
Z
FE
011]
o
oX
of
ox I
{o i
p

(A
ofN

Nl

= wen %%1% %%téi AAEAOH, GIS ver 102,

2 ﬂ?fq %Q‘%‘F% acre” 3 A7+ -9 & (vearly out-
door crime rate per acre)®’ o]tk B} © AEIA] ZAERA (The
Austin Police Department) ZF8 1 20051344 200937k

A1) W (crime) B4 4 FlOJHE AlgkoH, ¥ 517k
AT W3 dolHE Tt o §FOEN FEHEUST 7O
AZE EolaA} stk T oY WF FF7 T o3
ol MAE  9l= W "HA (kidnapping) ¢} ok A+
3 9 AZ3 (sexual assault)’ 5 SHF AFHS ?i:r“ﬂ
2319t} ofelo| A LA S A TS Aol &3 o] f
SAEA 7} R8I A 2| 7tE] 7] wjto|th EAEA] 7} ‘3%%

Ao AFEEe] AEARl S LA, AR opes W
A REE Brhe o] B Ayl ujoltt AujellA] Mo
2 HFE ofe] 7o AE EAEA G WAV A AoE
A, 597 B F 1010773 WAAE FoA 38717

o So)uz} A7o] FLEHAT, 8% WA T2 Hoy
£ GISHoIA BES M Geocading) 3Ho] F7HH9 A2
slelsly, BEIFWE AN A7 SHHSS sebasi

2. SHEMY

It

7 1o et AZ=S Y8 228 A1) Block Group®
E(Trees) #2] v]&S Al 71 F7H(F#7F 1t Tree 0% ~25%
(Low), 77+ 2: Tree 25%~50%(Mid), 77+ 3: Tree>50%
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A 3 AEA (Ordinary Least Square regressions: OLS)
S ZE3ITh AFA SARYS A-HME A AL -
o118y B4 EAMFTS ALY 7 EEA Y (Base

RFE Fgate} shike] HFEY (Final Model)”
= st & 7] $A £42 STATA ver 14 Z271

10
2
Am
>

& 426%, FAL5E

o]
=
138820, AAE-E 42%, AA7H4H &

Table 2. Block group socio-demographic characteristics

= 215%, 10t) & SEA v]&L 15.6%, BAFA vl&
1.9%, acre@d ATEEE 2.6WOE Yehgth

2. EAl=H20| WE SHRE H|

Z 457789 Block Groupl & TA4% 248 o
FEHS vEgo R )Y FEeE R,
o] T 9] N9 A7+ SeHF &S v
+ Table 33} 2t EAGFHHE0] 0%~25%° 31T
A (N=127)¢] acred 917+ SAHES 120%EN 54|
o] H& 25%~50% AHF(N=271, acred A7+ =2z
=0.74%) 2 50% ©o)’g<] A (N=59, acre’d A7} £oH=]
=0.15%) 9] acre'd A7 SoW& B} oF 046%, 1.05% 3
& ZoZ yehith ANOVA £49 Fgk 17679 Hd p-
valuex <0.0002 24 EAFEH SO TE A A9 o
Zb SR g Hdg Aole BAFLE fodt AR Y
ERt

EAFEF g B A7 SoluAsel R

- o vv 71

A

o o i
>,

o = o

W o Mo Mo X W mo

I
=1

Al
=

& oy

of
O

=]
=
H
=

of nqor"

K
L |
9
w

Variables N Mean Standard deviation Lower 10% percentile Higher 10% percentile
Minority (%) 457 42.61 2790 109 87.73
Income( $1000) 457 51.88 2698 2549 92.79
Median housing value( $1000) 457 138.82 91.98 64.00 261.30
Unemployment(%) 457 421 374 0.90 853
Female-headed family(%) 457 2146 17.03 321 43.16
Teenage school dropout(%) 457 1556 20.78 0.00 46.38
Welfare receipt(%) 457 1.89 2.90 0.00 712
Population density per acre 457 32.55 22503 2.23 16.61

Table 3. Comparison of yearly outdoor crime rates by percentage of urban trees within block group

Percentage of urban trees N Mean of yearly outdoor crime rates per acre Standard deviation F-value Prob>F'
Tree 0%~25%(Low) 127 1.201 1.620
Tree 25%~50%(Mid) 271 0.741 0.987 1767 <0.000
Tree>50%(High) 59 0.146 0.250
Total 457 0.792 1188
52 FtRxAESBER| K| 478 1520194 2%)
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Figure 1. Distribution of outdoor crimes
Legend: Yearly outdoor crime rates (per acre)

Crime location [ 10.00~055
[ 055~152 e 152~3.05
I 3.05~6.60 Il 660~11.42

[ Block group boundary [ Austin city boundary

BE3 202 tepdrHFigue 2 3%),

e EAIEA 9 SeHA &) A
& ?‘@3}*‘: Table 49} 2th Table 4= AF3 - 91+
A 5 £ SAAZIH, WY EASAHTY] Y
= AHE ‘QW’E‘ & (One-by-One Models) # BAHF/EA
= 5 ARE H2 28 (Final Model) & 235 x3
at

odel) ] *l»%—ﬂ A}ﬂ A8 549 8

T T BB fFeue As 3E 7

= &, A5FE 100 gt ZEA SR Vet

o} 2501F9] Hlgo] E&4=(Coef. =001, £<0.000), 10t

8t FH A} ¥ &0] =242 (Coef. =001, p<0.000) acred
o

A0 Ueon, £55F0] E2F

e 2~
— 4T

Figure 2. Distribution of urban green space based on NDVI
Legend: Normalized difference vegetation index (NDVI)

Crime location 1 -014~012
[ 012~0.19 [ 0.19~0.25
I 025~0.32 I 0.32~0.63

1 Block group boundary  [J Austin city boundary

Z(Coef.=—001, p=0.044) acre® A7} SoJHFEL "ol
= AR Yehgth

2) EAEAEe} Sox &

FA 87 ALE] - ek 549 MpE AT 59
f‘]iﬂ‘ﬁ 94 %‘%QE AuE A

B & e
AR

acred CEZ} %Q]HSZ‘LH H] &3 F(+) 9 FABAE Hole=

o2 Vepdth TAER g AEE W F AFAAAS(NDVI)

TYHH N FEME0 aored A7 SUF LT &

- #AE LPEM%*\EP ThA] el A A2 A A R ( NDVI)
AT AR acred AZF S9HH &

&

53 (Final Model) oA frefmst Az 2h= M
TFAAAF(NDVD) o 3 9H 4 v&=2 depsteh dojgRs
o) Az} vPATIA R acred A7 SoWH &S AFAAA
(NDVD) & vlgro 2 & T A=A = (Coef. = —1.36, p=0.042)

¥ ol oxl
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Table 4. Correlations between urban green space and yearly outdoor crimes based on the OLS regressions

. One-by-One models* Final model
Category Variables — - - — - -
Coefficient 95% confindence interval Coefficient 95% confindence interval
Minority(%) 0017 0,01 002
Income( $1000) —001" -001 0.00
Median housing value( $1000) 0.00 0.00 0.00
Socio- - Unerployment (%) 000 ~003 003
demographic —
variables Female-headed family (%) 0.00 ‘ 0.00 0.01
Teenage school dropout(%) 001" 0.00 001
Welfare receipt(%) =001 —0.05 0.03
Population density per acre 0.00 0.00 0.00
Impervious surface areas(%) 002" 0.02 0.03
Tree areas(%)" —0.01 —0,01 0.00
Urban green Normalized difference vegetation index" ~166" 293 -038 ~136" ~267 -005
space variables
Park areas(%)* -0.01 —0.02 0.00 =001 —0.01 0.00
Water areas(%) 0.00 —0.02 0.01
EEF(N) =457
Adj. R-squared = 0.3068
Root MSE = 0.9893

*k

2<001: 7 pR0.05: * p<0.10
TR AFNE Y HEE EAEX 9} #EE deE st

*One-by-One E&& ALg) - Q178 E49) BE HFE(AF5AF, A55F I,
o}

S TAATIH, SRSl qE EAEANS Y] J¥HE AEE Aol

Al

ok FAHA HE(Coef. = —001, p=0062)°] F=T5F A
= A=

o
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U A A
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Ak A%ue] 27t B TR

° L]
0 o =2 3443 YL AU Aok 4 tHKuo and
Sullivan, 2001a). 3 =27} 42 LA ATk Ak
9 ZAA PEE 9N 527t B ZHUF ] AT

AFERY B E=9tH(Kuo and Sullivan, 2001a), 8AIg o]
AT= EAI=A ] E’\]OW‘* Aol et A2 G5 A

ABRAT, A7t AGS o R & ARl SHeA e

)
AT oA RS 2T e & el g
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EASANSY EES BES N3 QLR FA
W EAEANGTE BF A AZRES 44T 9
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ol FRBAL PO, FFINAF % TR vl
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2o £ AL IHHT, HA A25E A9 S 9]
WA EASAUES A = AL S 9
AN FF A7 998 A0E ARHD EF, IrUEY
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38 SAIEAEY Jgoz B At AAAYH 9
o] Y& & itk Kuot Sullivan(2001b) 2] <17 2]
THE7 22 TAA] 283 (inner-city neighborhood)
oA TAEREo] B A GolA A MY LT} e
Aoz Yepytth mehd EAIEX 9 Loz gl thst
AFoll M= vk (town, village) &2 AFYE T2l 24
S AR FEE tiet JFHS TAHE ATE
271 Atk ARl fofule A3E B EF
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ZT, ol A7 EE W IAYS FuPY FA
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AE AFWIOE Sof FFo A1 AFE QY
[e]
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A Sle ERE Alweta doh 24, & d7e =A%
ol e A=A 98-S 280 #4357 fsf 2d

RN BT ¢ Sl WA F oRllN AT e &
ARH(FY, JA, FE)te a7l 28Fo=n d7AH
o NS =AU ol EAIEATE oFele] 22 # <l 70
A TSN dol Selel A AT wHhe Al &8
to] EAIAI9L mAQPAA Y] AAAAE e R vt
T AT AS dnigith AR, AN vEe] AuF
Ql ElolElE wiE o2 § GIS A=E HlAL - #A5te] A
ALt ATSMH 0] HE S Aoz A A
o NS LA A, S2' Al 2018 71 Q1T

of g Zlofr}. HEh A QA A Ao gl o A

NZH (73 gl WA 8, g, AN A3, CCTV
5)€ T8 37 47 9 Zolt) £ ATE B4 o
Y ALE A EAEA T BLFS AL 9
Onl, 5 ABA FRIA FAY P A EA5A
WA, 54 B SIBFRY, 255F3 =454
£ 9 o) AU 52 978 32} AT

F 1. v=te] B4 ©@9)+= 34 Census Block(4%$]) —Block Group(5&
91) —Census Tract(theh]) &2 FEH ) Block Groupe F7F ©9]
o] A A 275 7HH, BT AFZAF SAACAAME 109 7]
2 3 A A9 ARE - Qe 5448 Y] TeEE o
wpetslal itk

2.1 acre®] Z7)1E 4046 86m> 24 3 o] ¢k 64mel WS Yekith
(1 acre=4,046.86m>=64x64m).

F 3 B Aol £HASFZE AR A7 SHUFR &L o9 T 4
o7 AxEAT
A7+ Z9WH & (yearly outdoor crime rate per acre) =[(537F &
S99 3 42)x1001+ [Block Group B4 (acre)1+5

F 4. Base Model= 6 x &FRNF+ Box £EFE+ Gox [+ Bix A A&+
BGox 7P &+ Gox 100] Sl FEAM] &+ Brx B A S F 3]
H) & + Gyx Qs

3 5. One-by-One Models =8y x 2501+ Byx 255+ Byx A k+ Ly
AAE+ Gix A7+ Gpx 100 Sl FE A&+ G x B A
FA FARE A+ G ATEENE EASAES

= 6. Final Model=A13] - Q18H4] 544 (Base Model ¥5) +--9]7

& mANAN
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