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An Analysis of Environmental Policy Effect on

Green Space Change using Logistic Regression Model
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ABSTRACT

This study aims to analyze the qualitative and quantitative effects of environmental policies in terms
of green space management using logistic regression model(LRM). Landsat satellite imageries in 1985,
1992, 2000, 2008, and 2015 are classified using a hybrid-classification method. Based on these
classified maps, logistic regression model having a deforestation tendency of the past is built. Binary
green space change map is used for the dependent variable and four explanatory variables are used:
distance from green space, distance from settlements, elevation, and slope. The green space map of
2008 and 2015 is predicted using the constructed model. The conservation effect of Ulsan’s

environmental policies is quantified through the numerical comparison of green area between the
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predicted and real data. Time-series analysis of green space showed that restoration and destruction

of green space are highly related to human activities rather than natural land transition. The effect of

green space management policy was spatially-explicit and brought a significant increase in green space.

Furthermore, as a result of quantitative analysis, Ulsan’s environmental policy had effects of conserving

and restoring 111.75k’ and 175.45ki’ respectively for the periods of eight and fifteen years. Among

four variables, slope was the most determinant factor that accounts for the destruction of green space

in the city. This study presents logistic regression model as a way of evaluating the effect of

environmental policies that have been practiced in the city. It has its significance in that it allows us

a comprehensive understanding of the effect by considering every direct and indirect effect from other

domains, such as air and water, on green space. We conclude discussing practicability of implementing

environmental policy in terms of green space management with the focus on a non-statutory plan.

Key Words : Green Space, Logistic Regression model, Environmental Policy Assessment, Image
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Figure 2. Workflow of the Research
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AUC(Area Under Curve)®} McFadden pseu- < Axksla.
do-R*(pR*) S A+&-8l3]th pR*S &4 o] 2008 dEZEAAEE 2000 HEES A
S dviv & A3 HA=UE dE e gato] FEatgon 20159 H5AA =Y AL
Z]4=0] ™ (Menard, 1995), AUC/ROC "< 7 UM =ZH 20089 A= xlxlt-‘?; o]l =
ol SHA0R RdS e 4 vk ojde 7| ekl AATE A= ?w F ARgSTh v
ZE3 glo] @ol AbgEE o & E A Wieltt HA A7 ko] Arls AAl EFE 200097
(Manel&Ormerod, 1999). pR*9] 73 0.028th 2 2008\ AIZIAIA =5 ARl EEeEl om A
#S 7HAE 22 A3 =2 o)u]s}n (Hensher o} 1EE ZS SRTM Ho|EHE AMgstsith
& Johnson, 1981), 0.7t} 2 AUC 3 2do] 200837 2015\ 9] o] SH m|F AR Eo} A
Fud dSEs 73 vk AE vledtt A A A sAHA Y] £ vlag Fa 3
(Linkie et al, 2004). A Z3s Ak 9 2% S Kappa AT
WA 2} prevalence TUAHOE F H 3
togittp) =1og 2| @ o % Ase BRkE Ak

logit(p) = By + 81X + Bo Xy + 85X ®)

I
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5. g Makst

2A 2 FARde o3 gE5gE 07 1 1. EX|1] U 2R "I} Hn
oz mHI F7] SJEld AA AA® LANDSAT TM 4-59} 8 OLI/TIRS 9/3% ©]
(cut-off value) A¥°] F-a3sttt. 7Hd HM-82 2l &8 SA G AVRAA R ) A F5 (29
WS W4 S (sensitivity) 9 5-0] T(specificity) 2ok ol U= S EF A7 &4 A9
2 o]g3le o T AF e HuyxAe 2.2 1985 734, 71km oA 2000139l 643.5kii7}
ARESEAY T Fho] FU A2 Abgshe W A AT O 5 SAHAL O 7|
Hol] 22| 3t (Freeman&Moisen, 2008). 3FA] T Al ZFsle] 20081 661.6k 12| 3L 20151 670.27
ol o ST ET} FEu|olE 19] 3k LA kw2 EFEACh AlZFAEA ] 749 1985
Hzo] SdAolx] FEaltte EAAEES 2ta ) 4. 1kr2 A ZE A%7F 27482 85,50k,
th 5, 1o algshs Ao B Wmsh wlg 115.96ke’ 22]a1 144.02kn = 1%%*8] Z7Hch
slulgl A9-E of|Z35l7] Ya) U Ee) Eolx RE EFAZY AA EF4 T (overal)=
& o] &3 dA =& Wy AR A AR A 90% 2.tk =7 ket frojn| g TL‘TI‘7]' A
o HFH o7 olojit). JejRR, v I oqustE g, o|F o] &3 EA|AE IR
T2 zhe 22 2do] A9 Kappa AF 3 So7he HAZA, A7 18 a sk #ke] A
& A 9] HlZ=<(Prevalence)S 7|02 3 g HEE FZ3 tH(Table 1,2).
AgE AHgalol gth(Manel&Ormerod, 2001;
Freeman&Moisen, 2008). ¥ Lol A x| u}x] 2. AEEAM At
o] AL 0049 WAPNEE zty 9om Ei < Ao] AgEEA A¥= Table 33 2th
Kappa A<= Z A3} prevalence ELAH S 7} Y A BF 072 dA kol 2 i 1t
ALgE] SAREAA SR e s & el g o d 2 gltka Ahatod (Green,
Ha=s =319 R PresenceAbsence 7] 1979) 7 EHWG 2% 3| Rd ] A8
A| (Freeman&Moisen, 2008)S AF-&-3] F A%k FEWH ol =P 7F Cramer’s V AF 3
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Table 1. Classification Accuracy of Green Space Binary Map

Error Matrix
Year Reference
Classified Non-
Forest  Total
Green space
Non-Green space 90 16 106  Overall=92.0%, Producer’s(%)
(Non-Green space=86.5%, Green space = 94.1%),
1985 Forest 14 256 270 User’s(%) (Non-Green space=84.9%, Green space
Total 104 272 376 =94.8%), Kn.=80.2%
Non-Green space 95 17 112 Overall=93.1%, Producer’s(%)
(Non-Green space=91.3%,
1992 Forest 9 255 264  Green space=93.8%), User’s(%)
(Non-Green space=84.9%,
Total 104 272 376 Green space=94.8%), Kn.=83.1%
Non-Green space 128 19 147  Overall=93.3%, Producer’s(%)
(Non-Green space=95.5%,
2000 Forest 6 223 229  Green space=92.1%), User’s(%)
(Non-Green space=387.1%,
Total 134 242 376 Green space=97.4%), Kuu=85.8%
Non-Green space 122 11 133 Overall=93.9%, Producer’s(%)
(Non-Green space=91.0%,
2008 Forest 12 231 243 Green space=95.5%), User’s(%)
(Non-Green space=91.7%,
Total 134 242 376 Green space=95.1%), Kn.=80.2%
Non-Green space 120 8 128 Overall=95.2%, Producer’s(%)
(Non-Green space=92.3%,
2015 Forest 10 238 248  Green space=96.7%), User’s(%)
(Non-Green space=93.8%,
Total 130 246 376

Green space=96.0%), Kn=95.2%

Table 2. Classification Accuracy of Settlement Binary Map

Error Matrix
Year o Reference
Classified Non-Settlement ~ Settlement Total

Non-Settlement 353 4 357 Overall=98.4%, Producer’s(%)
(Non-Settlement=99.4%,

1985 Settlement 2 17 19 Settlement=81.0%), User’s(%)
(Non-Settlement=98.9%,

Total 355 21 376 Settlement=89.5%), Ki=84.2%

Non-Settlement 338 8 346 Overall=96.5%, Producer’s(%)
(Non-Settlement=98.5%,

1992 Settlement 5 25 30 Settlement=75.8%), User’s(%)
(Non-Settlement=97.7%,

Total 343 33 376 Settlement=83.3%), Kiu=77.5%

Non-Settlement 322 12 334 Overall=96.5%, Pl’OdllCCl”S(%)
(Non-Settlement=99.7%,

2000 Settlement 1 41 42 Settlement=77.4%), User’s(%)
(Non-Settlement=96.4%,

Total 323 53 376 Settlement=97.6%), Kpn.=84.4%

Non-Settlement 317 9 326 Overall=96.5%, Producer’s(%)
(Non-Settlement=98.8%,

2008 Settlement 4 46 50 Settlement=83.6%), User’s(%)
(Non-Settlement=97.2%,

Total 321 55 376 Settlement=92.0%), Kn.=85.6%
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Table 3. Pearson Correlation Coefficients among Dependent Variables
Distance from Distance from Distanpe from Slope. Elevation
green space settlement river
Distance from green space 1 0.532 0.267 0.386 0.692
Distance from settlement 1 0272 0.228 0.316
Distance from river 1 0.255 0.525
Slope 1 0.467
Elevation 1
Table 4. Cramer’s V Result 3 W4 BT o0 AfR AL o)s
Explanatory Variable Cramer’s V = Zho] Z71ESE Zx)7) g dE
Distance from green space 0.40 o] YrolAti= AL on|3it}, =, x4 A9}
Distance from settlement 0.27 A7 R 9] AR} IheE aEm AL
o from fhver = 952 A0 gao ARt A€ ek
Elevation 0.29 E} 0194- ]ﬂtﬁi’ EE-O/] 76]% 74]5':7]— Oc;t—’}ii =
289002 N%r} BE5E AL FE)
B e AABAE shetia UygenE ol Erha Uttt o] & Adsbr] flate] 19851
72 W42 ne =gdsa Aleslednt 19921 Aol A A A Ao w9} HALS
EFEERE BASS W, BAbE Fel 09
3. ZX|AE| 572 AR Go] 7H go] JNREJA, 1=
19854 =29} A 7IAA RS o] &3] W A o] 0%1 A|GET} gro] E& Fol tS /HTHA
e ARget F A A% WE S, AL e ThFigure 2). ©]21d A 19924
2] 31 198536l 4] 1992 Alole] x| wha) A & 7} 20001 Afolol] ¥ HA|A] Aol M= K
g 2aWsR Yol 2428 7Rde 9de  OFigue 3. 3, A8 A9 2e 2ol 44
A3k 92 @ 2ok B2 PE A3 ssel O AUIATL, amE £ A% AR 9
Azl pvalue’} B, Z dE EPRge] folw 218 wjdlz AdET o] 157t & A9e
7F G ystomz mdor A o) Miels Aede] Rl wgEo] 19 A

s ate] Azl g Alelstal & 470

APY ZA 9 o 74 B g
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Table 5. Logistic Regression Model Result without Distance from River Variable

Coefficient Std. Error z value p-value
Intercept 1.541e-01 1.187e-02 12.981 <2e-16™**
Distance from green space -8.493¢-03 7.423e-05 -144.407 <2e-16™*
Distance from settlement -7.489e-04 0.335¢-05 -56.090 <2e-16™"*
Slope -9.103e-02 7.969¢-04 -114.237 <2e-16***
Elevation 2.960e-04 5.466¢-05 5.415 6.12e-08"**
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Figure 3. Histogram Analysis on Geomorphic
Variables between 1985-1992
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. Real and Predicted Green Area Dynamics in Table 6. Quantification of Environmental Policy Effect
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Figure 6. Spatial Distribution Characteristic of Green Space Restoration and Destruction(Bukgu)

(a) Four Regions with the Highest Green (b) Green Buffer Zone of Ulsan Metropolitan
Space Change Rate City(MOE, 2014)

I: Region with High Restoration Rate
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Figure 7. Green Space Change and Green Buffer Zone
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(1) Environmental policy implementation history in Ulsan Metropolitan city
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(2) Classification result
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(3) Logistic regression model result with all five variables

Coefficient Std. Error z value p-value
Intercept 1.535e-01 1.234e-02 12.437 <2e-16™**
Distance from green -8.491¢-03 7.471e-05 -113.655 < 2e-16***
space
Distance from -7.490e-04 1.338¢-05 -55.998 <2e-16***
settlement
Distance from river 3.964¢-07 1.975e-06 0.201 0.841
Slope -9.103e-02 7.971e-04 -114.214 <2e-16***
Elevation 2.896e-04 6.341e-05 4.567 4.96e-06***




