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ABSTRACT

This study analyzed the main environmental indicators of 125 onshore wind power projects using logistic regression and
interaction term analysis based on environmental impact statements and evaluations from consulting bodies. The findings
reveal that most environmental indicators did not significantly influence evaluation opinion, and some interaction effects
between indicators were observed. The complexity of environmental onshore wind issues and the challenge of quantifying
qualitative considerations contribute to these results. The study underscores the need for intuitive and composite environmental
indicators. Despite current limitations related to qualitative and composite factors and data constraints, this research established
a database of environmental indicators for future research. The results and recommendations will support the planning and
institutional development of onshore wind power projects, especially amidst growing interest in data-based project management
feedback systems. Future research should integrate unquantifiable data from evaluation documents, utilize the latest and most
appropriate environmental indicators, and consider social and economic impacts beyond environmental effects. Such an
approach will enhance the body of related research, offering a more comprehensive understanding of the impacts and

improving decision-making processes for onshore wind power projects.
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Table 1. Overview of onshore wind power projects analysed by province

Province Number of projects Average business area (n) | Average facility capacity (MW) | Average number of generators
Gangwon-do 48 109,417.3 34.7 10.0
Gyeongsangnam-do 10 139,067.1 40.3 12.6
Gyeongsangbuk-do 40 75,207 23.2 9.3
Jeollanam-do 25 41,907.3 23.9 8.4
Jeollabuk-do 2 9,943 23 1.5

Table 2. Key environmental issues and environmental indicators by EIA assessment category

Assessment category Key environmental issues Environmental indicators

Prioritize avoidance of areas of high ecological and scenic | Highest ecological-naturalness class, Deforested Area,

value to preserve wildlife habitat, including legally Number of trees destroyed, Biodiversity of legally

Natural ecosystems protected species protected species (literature, local)

Need to review impact on ecological continuity such as ecological axis and

green axis

High-elevation ridges along major mountain ranges provide habitat for Adjacent to major ridges
wildlife and are key migration and dispersal corridors, making them high

conservation value as geo-ecological axes
Land environment
. . X . . Maximum slope elevation,
Excessive geomorphological disturbance can lead to ground instability, .
. . . Geomorphological Change Index, Percentage
impact on surrounding water systems due to sediment runoff, etc.

of steep slopes

. . . Whether the facility exceeds noise environmental standards during
Concerns about noise from wind turbine

. . . . operation, Number of facilities exceeding noise environmental
operation on neighboring properties

Living environment standards in operation

Concerned about landscape impacts from the | Number of facilities within 1 km of the generator, Facility minimum

project separation distance from generator,
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Table 3. Descriptive statistics by independent variable

Evaluati
va l:a o Independent variable N Minimum Maximum Average Standard deviation
metrics
Business Area (#?) 125 1,072.0 1,319,572.0 101,074.85 138,673.4
Generating Facility Area (n?) 125 162.58 280,038.0 33,460.7 48,050.7
Driveway Area (n7’) 125 0 242,411.0 32,087.7 40,601.7
Other areas (n?) 124 0 1,227,643.0 35,637.8 114,583.0
Facility Capacity (MW) 125 0.1 89.100 33.200 20.739
Number of generators 125 1 27 10.314 6.158
Biodiversity of legally protected species (local)| 125 0 14 2.69 2411
Natural Biodiversity of legally protected species (literature)| 125 0 29 6.74 5.259
ecology Highest ecological-naturalness class 124 1 3 1.722 5991
environment Deforested Area (#?) 124 0 350,743.0 63,110.0 70,990.3
Number of trees destroyed 123 0 50,550 7,592.66 9,739.609
Adjacent to major ridges 125 0 1 .14 344
Maximum slope elevation (m) 122 0 32.50 13.5443 6.0996
Land
- Geomorphological Change Index 123 02 7.280 2383 1304
environment
Geomorphological Change Index 3 & higher| 123 0 1 24 426
Percentage of steep slopes (%) 120 0 91.170 25.431 25.793
Number of facilities within 1 km of the generator| 123 0 18 4.86 4314
Facility mini tion dist fi
acility minimum separation distance from| 1 2.700 562.47 425488
generator (m)
Life — -
environment Whether the facility exceeds noise 119 0 | 18 390
environmental standards during operation
Nu@ber of facilities excejedmg nélse 122 0 18 61 2091
environmental standards in operation
Effective N (per list) 105

Notes: 1) Certain environmental indicators are categorically variable based on whether or not they are met by referring to the relevant guidelines.
2) Categorical variables were transformed into dummy variables for statistical analysis.
3) The best ecological and natural areas are given a value of 1, secondary areas a value of 2, tertiary areas a value of 3, and special

management areas a value of 1.5.

T (@A, 23, FA7I1ZRE o]A4AF 1km oy 4 o A PSR 3 o] 7F 0.774, FEAHH AT FlE
A4 4 Sol ATh0 AEAUUA, PSR W SBak 708012 A skl YeHHO2 09 o4 7
£ ozu} 12 Buse) BANE RUAT SATF S e AuSnS AW, 7 497t 54 Aol
altt. £ 359 YetiH, 2F 2499 Hosmer-Lemeshow
Table 6 XS FFolo] o]t 2AAY HARAS  AY ATE Teslo] WAE Adselc
Soe Avolch BAo] LA, TeT Tol ATEAT 24 ATk SUSH <AL A AL 155700 §
BA VIF 212 o) tEEa4 BAE sadtatk  Ad $o4 2R, 158 29 353 39
IAAE F AVRAT ZAHE A9 ABUSAS  ujs) Bolvlme] 2R ANRBS Y B8] 2.1%
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Table 4. Cross—analysis links individual environmental indicators to consultative body decision-making

Frequency (%)
Independent variables Overall
Pass (drafts) X Pass (drafts) O
Adjacent to major ridges - false 82 (75.9%) 26 (24.1%) 108
Adjacent to major ridges - true 13 (76.5%) 4(23.5%) 17
Pearson chi-squared (p) 0.002 (0.961) Cramer’s V 0.004
Highest ecological-naturalness class - 1 37 (86.0%) 6 (14.0%) 43
Highest ecological-naturalness class — etc. 2 (66.7%) 1(33.3%) 3
Highest ecological-naturalness class - 2 51 (75.0%) 17 (25.0%) 68
Highest ecological-naturalness class - 3 5(50.0%) 5(50.0%) 10
Pearson chi-squared (p) 6.353 (0.096) Cramer’s V 0.226
Maximum slope elevation — under 10 m 17 (73.9%) 6 (26.1%) 23
Maximum slope elevation — 10 m or higher 77 (77.8%) 22 (22.2%) 99
Pearson chi-squared (p) 0.158 (0.691) Cramer’s V 0.036
Geomorphological Change Index — under 3 70 (74.5%) 24 (25.5%) 94
Geomorphological Change Index — 3 & higher 24 (82.8%) 5(17.2%) 29
Pearson chi-squared (p) 0.845 (0.358) Cramer’s V 0.083
Whether the facili;}lllr:;;ezs:r ;(i)(i;e -er;;llisr:nmental standards 73 (75.3%) 24 24.7%) 97
Whether the facility e.txceeds n(?ise environmental standards 17 (77.3%) 5(22.7%) 2
during operation - ture
Pearson chi-squared (p) 0.040 (0.842) Cramer’s V 0.018

Note: Interpretation of correlation via Cramer's V-value: 0.00 to very weak correlation ~ 0.10 to weak correlation ~ 0.30 to moderate

correlation ~ 0.50 to strong correlation ~ 0.70 to very strong correlation ~ 1.00

obAitt. ol BAR O folsiAl, AYHez 2 Aol
£ HoFA= %= 2ot o]Qol= p-gtol A ARt
A 7175k o SAAQ SA7F (A E-2F
, AR -, AGHIA S, FHAA] Bl &, &3
71 23} o 5), ol TEI= B B
SH HPHEAEST (@A, £9), HAd vgd
N1 ‘:3147]§—r51 o|AA 1km o] H2AH 4 5)7F
cprgict
E35t 49 Hosmer-Lemeshow AZA ZI}, PZHo]
0.975 (>0.05)2 =¥ o] Hdo] 2tmof & Tttt 514
o Sgus L0 2L Al fojulat JeS )4
A groul, WHE 7t ABgo] 2A A5G WA
T = fitH(Allison, 2013). ofo] whe}, 919] EAoA &
|H EAE 5 thFQl H1 YH-AAE 552 Al
oISt 271 SFARHE 7 24 ALY 5 A5 4
S Z-8-%}(interaction term)Q] -F-9JAS EASIA T
B2AER A A, ARSI HEA)L FEAE

mrl' n:lJ
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Table 5. Logistic regression results: The impact of individual environmental indicators on the decision—-making
of consultative body

. 95% CI
Independent variables B SE Wald P OR
LLCI ULCI
Biodiversity of legally protected species (local) .047 .084 306 .580 1.048 .888 1.236
constant term -1.281 318 16.285 .000 278 - -
Biodiversity of legally protected species (literature) .026 .039 442 .506 1.026 951 1.107
constant term -1.331 345 14.834 .000 264 - -
Deforested Area (mz) .000 .000 1.854 173 1.000 1.000 1.000
constant term -.855 283 9.118 .003 425 - -
Number of trees destroyed .000 .000 2.324 127 1.000 1.000 1.000
constant term -.871 274 10.298 .001 419 - -
Maximum slope elevation (m) .005 .035 .019 .891 1.005 938 1.077
constant term -1.277 528 5.838 .016 279 - -
Geomorphological Change Index -.185 181 1.051 .305 .831 .583 1.184
constant term -.750 455 2.719 .099 473 - -
Percentage of steep slopes (%) .001 .008 .023 .880 1.001 985 1.017
constant term -1.130 298 14.342 .000 323 - -
Number of facilities within 1 km of the generator .084 .046 3.328 .068 1.088 .994 1.191
constant term -1.573 334 22.177 .000 .207 - -
Facility minimum separation distance from generator (m) -.001 .001 4.103 043" 999 997 1.000
constant term -476 362 1.724 189 621 - -
Number of facilities exceeding noise environmental
. . -.134 172 .608 435 .875 .625 1.225
standards in operation
constant term -1.057 220 23.098 .000 347 - -
"p<0.05, “p<0.01, ""p<0.001
Table 6. How environmental indicators influence consultative body decision-making
. 95% CI
Indicator B SE Wald P OR
LLCI ULCI
Biodiversity of legally protected species (local) .099 117 719 396 1.105 .878 1.390
Biodiversity of legally protected species (literature) .035 .062 317 574 1.035 917 1.169
Highest ecological-naturalness class - - 5.190 158 - - -
Highest ecological-naturalness class - 1 -2.532 1.257 4.061 044" .079 .007 933
Highest ecological-naturalness class — etc. -1.199 1.857 4l6 519 302 .008 11.494
Highest ecological-naturalness class - 2 -1.143 1.049 1.188 276 319 .041 2.491
Deforested Area (77%) .000 .000 2.526 112 1.000 1.000 1.000
Adjacent to major ridges 288 .801 129 720 1.333 277 6.408
Maximum slope elevation (m) .089 .062 2.067 151 1.093 968 1.233
Geomorphological Change Index =221 .259 730 .393 .802 483 1.331
Percentage of steep slopes (%) -.005 .012 158 .691 .995 972 1.019
Number of facilities within 1 km of the generator 126 .090 1.964 161 1.135 951 1.354
Facility minimum separation distance from generator (m) -.001 .001 1.401 237 .999 .997 1.001
Whether the facility exceeds noise environmental
. . -1.066 1.121 .905 342 344 .038 3.099
standards during operation
Number of facilities exceeding noise environmental
. . -.283 364 .604 437 754 369 1.537
standards in operation
constant term -.172 967 .032 .858 .842 - -

"p<0.05, “p<0.01, ""p<0.001

Note: For the categorical variable Highest Ecological-Naturalness, set "Grade 3" as the reference category.
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Table 7. Interaction term between two continuous
variables results in significant moderating

effect
Indicator B SE z P
Biodiversity of
legally protected 138 .094 1.468 142
species (local) (a)
Deforested Area (g) .000 .000 -2.332 020
Interaction term .000 .000 2.022 043"
Model Log Likelihood 7.658

R2 (McFadden;Nagelkerke)
"p<0.05, “p<0.01, ""p<0.001

.056; .089

Table 8. Test the conditional effect of a control variable

Control variable
Effect SE Z P
thresholds
-1SD -.019 .106 -.181 .856
Mean 138 .094 1.468 142
+1SD 314 143 2.194 028"

"p<0.05, “p<0.01, ““p<0.001
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Fig. 1. Moderating effect of deforested area () on
the relationship between number of biodiversity
of legally protected species (local) and the
dependent variable
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